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I. I n t r o d u c t i o n  

Th i s  r e p o r t  d r s c r i b e s  OCT wclr;. ir! deve lop ing  metkiods of  economic a n a l y s i s  

f o r  c o n ~ o n  c a r r i e r  t r a n s p o r t a t i o n  f i rms  o p e r a t i n g  o v e r  a network o f  t r a n s p o r t a t i o n  

marke t s .  We f e e l  t h a t  t he  network models d e s c r i b e d  h e r e  are  e s s e n t i a l  t o  a 

complete  and v a l i d  unde r s t and ing  of  t h e  behav io r  o f  such f i r m s .  An e x p l i c i t  

model ing of t h e  fundamental  r e l a t i o n s h i p s  i s  p a r t i c u l a r l y  impor t an t  when examin- 

i n g  s c e n a r i o s  proposed f o r r  economic r e g u l a t i o n  o f  t r a n s p o r t a t i o n .  

The c l a s s i c a l  t heo ry  of t h e  f i r m  i s  n o t  adequa te .  A s  we hope t o  show, t r a n s -  

p o r t a t i o n  s e r v i c e  always occur swi th  a mismatch o f  ave rage  demand t o  c a p a c i t y .  

T h i s  r a t i o  i s  c a l l e d  l o a d  f a c t o r  and i t  i n t r o d u c e s  a new d e g r e e  o f  freedom 

i n  t h e  c l a s s i c a l  problem o f  matching s u p p l y ,  demand, c o s t s ,  and p r i c e s  i n  a 

marke t .  Secondly ,  once a t r a n s p o r t a t i o n  company o f f e r s  one  s e r v i c e  i n  one c i t y  

p a i r ,  a l l  o t h e r  t y p e s  of service i n  t h i s  o r  any a d j a c e n t  c i t y  p a i r  a r e  o f f e r e d  

a t  j o i n t  c o s t s .  

We s h a l l  b r i e f l y  e x p l a i n  why i t  i s  n e c e s s a r y  t o  per form economic a n a l y s i s  

a t  t h e  network l e v e l  f o r  common car r ie r  t r a n s p o r t a t i o n  f i r m s .  Then, t h e  network 

models  w i l l  be d e s c r i b e d  i n  a n  e v o l u t i o n a r y  manner. F i n a l l y ,  t h e  l a s t  two c h a p t e r s  

p r o v i d e  an  overv iew o f  some p r e l i m i n a r y  r e s u l t s  i n  a p p l y i n g  t h e s e  models t o  t h e  

s t u d y  of v a r i o u s  p o l i c y  i s s u e s  i n  t h e  economic r e g u l a t i o n  of domest ic  i n t e r c i t y  

a i r  pas senge r  t r a n s p o r t a t i o n .  

J 
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11. T r a n s p o r t a t i o n  Economics a t  t h e  Network Leve l  

There a r e  t h r e e  l e v e l s  of  a n a l y s i s  f o r  t r a n s p o r t a t i o n  s y s t e m s :  an a g g r e g a t e  

s y s t e m  l e v e l ,  an  i n d i v i d u a l  market  l e v e l ,  and a network l e v e l .  I n  ou r  view, 

i t  is e s s e n t i a l  t o  a v a l i d  u n d e r s t a n d i n g  o f  t r a n s p o r t a t i o n  economics t h a t  we 

work a t  t h e  network l e v e l  f o r  common c a r r i e r  sys t ems .  

A t  t h e  s y s t e m  l e v e l ,  t h e  t r a n s p o r t a t i o n  f i r m  i s  s t u d i e d  i n  te rms  of a g g r e g a t e  

measures of i n p u t  and o u t p u t  ove r  some t ime p e r i o d .  The a n a l y s t  i s  f o r c e d  t o  

assume as o u t p u t  a homogeneous q u a n t i t y  c a l l e d  a ton-mi le ,  o r  seat-mile. 

h y p o t h e t i c a l  'good' i s  produced i n  an ill d e f i n e d  a b s t r a c t  marke t .  The consump- 

t i o n  of i n p u t  f a c t o r s  i n  t h e  form of l a b o r ,  f u e l ,  and t r a n s p o r t a t i o n  f a c i l i t i e s  i s  

expres sed  i n  terms of annua l  sys t em e x p e n d i t u r e s ,  and t h e n  u n i t  c o s t s  of  o u t p u t  

e x p r e s s e d  i n  terms of d o l l a r s  p e r  ton-mile  or  c e n t s  p e r  s e a t - m i l e .  

T h i s  

A t  t h i s  l e v e l  o f  a g g r e g a t i o n ,  f a c t s  e s s e n t i a l  t o  u n d e r s t a n d i n g  t h e  economics 

o f  a t r a n s p o r t a t i o n  f i r m  are masked. I t  is fundamenta l ly  i n c o r r e c t  t o  assume t h a t  

buye r s  are p u r c h a s i n g  a good c a l l e d  a ton-mi le  o r  seat-mile i n  bu lk  l o t s  i n  a m a r -  

k e t  pe rhaps  n a t i o n a l  i n  scope .  

g i n  and d e s t i n a t i o n  f o r  t r i p s .  

are n o t  s u b s t i t u t a b l e  i n  o t h e r  marke t s .  Fu r thennore  w i t h i n  one marke t ,  t r i p s  

have  a wide ly  v a r y i n g  service q u a l i t y  i n  t h e  form o f  t r i p  time, f r equency ,  relia- 

b i l i t y ,  comfor t ,  s a f e t y ,  e tc .  These f a c t s  must be accounted  f o r  i n  s t u d y i n g  

t h e  economics o f  t r a n s p o r t a t i o n .  

A more r e a s o n a b l e  l e v e l  of a n a l y s i s  i s  t h e  marke t  level  where o u t p u t  i s  

A marke t  i n  t r a n s p o r t a t i o n  i s  d e f i n e d  by t h e  o r i -  

The buye r s  i n  each  market purchase  s e r v i c e s  which 

U n f o r t u n a t e l y  they  are o f t e n  ignored .  

t aken  t o  b e  t h e  

r e g i o n s  w i t h  some r e c o g n i t i o n  of  t h e  q u a l i t y  o f  t h e s e  s e r v i c e s .  

d e f i n e  a demand f u n c t i o n  s p e c i f i c a l l y  f o r  t h i s  market  as a f u n c t i o n  of p r i c e  

and service q u a l i t y .  

o r  sh ipments  or t onage  by commodity o v e r  some t i m e  p e r i o d .  

p r o v i s i o n  of  t r a n s p o r t a t i o n  s e r v i c e s  between a p a i r  o f  geograph ic  

We can  now 

The q u a n t i t y  of demand i s  measured i n  terms of p a s s e n g e r s  

h 
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The q u a n t i t y  o f  s u p p l y ,  however, i s  measured i n  d i f f e r e n t  terms. It is  

measured i n  t e r n s  o f  v e h i c l e  d e p a r t u r e s ,  o r  s e a t  d e p a r t u r e s ,  o r  a v a i l a b l e  capa- 

c i t y  i n  t e r n s  of space o r  weight  over  t h e  same time p e r i o d .  On t h e  a v e r a g e ,  

on ly  a f r acc io r !  o f  t h e  s u p p l y  q u a n t i t y  i s  s o l d .  The r a t i o  of  demand t o  supp ly  

may be c a l l e d  "Loa? Fac to r . ' '  "Load Fac to r "  i s  a two edged sword. It i s  an 

index  o f  t h e  q u a l i t y  of s e r v i c e  i n  t h a t  low (ave rage )  l oad  f a c t o r s m e a n  most 

of  t h e  peaks of demand are  accomodated. I t  i s  a l s o  an  index  o f  t e c h n i c a l  e f f i -  

c i e n c y  s i n c e  h i g h  load  f a c t o r s  p r o v i d e  consumption goods (marke t  t r i p s )  more 

cheap ly .  

Load f a c t o r  i s  n o t  c o n t r o l l e d  by t h e  f i r m  independent  of  demand behav io r .  This  

adds  a d e g r e e  o f  freedom t o  t h e  p r o c e s s  o f  seller c o m p e t i t i o n .  Cons ider  t h e  

u s u a l  case o f  a market  w i t h  pe r fec t :  compe t i t i on .  The p r i c e  p e r  u n i t  o f  demand 

( p e r  t r i p )  w i l l  be equa ted  t o  margina l  c o s t  p e r  u n i t  o f  supp ly  ( p e r  c a p a c i t y )  

d i v i d e d  by l o a d  f a c t o r  - 

i .e.  P = M U L F  

S ince  LF i s  i n d e t e r m i n a t e ,  t h e r e  i s  no unique  s t a t i c  market  e q u i l i b r i u m  f o r  

s u c h  a h y p o t h e t i c a l  t r a n s p o r t a t i o n  market .  I f  p r i c e  i s  h i g h e r ,  l o a d  f a c t o r  

w i l l  be  l o w e r ,  and vice versa. I f  a h igh  c o s t  o p e r a t o r  can a c h i e v e  a h igh  l o a d  

f a c t o r  h e  may remain i n  t h e  marke t .  An o f f e r i n g  o f  more s e r v i c e  t o  t h e  market  

i s  n o t  a u t o m a t i c a l l y  s o l d  a t  a g iven  load  f a c t o r .  The s u p p l i e r s  must compete 

i n  o b t a i n i n g  a good l o a d  f a c t o r  as w e l l  as compete i n  p r i c e .  Their behav io r  

i n  competing f o r  l oad  f a c t o r  may be  u n d e s i r a b l e  and may f u r t h e r  c o n t r i b u t e  t o  

u n s t a b l e  market  c o n d i t i o n s .  A d e t e r m i n a t e  s o l u t i o n  can e x i s t  i n  t h e  cases 

of o l i g o p o l y  o r  monopoly market  s t r u c t u r e s ,  b u t  w e  w i l l  n o t  d i s c u s s  t h e s e  matters 

here. This level  of a n a l y s i s  i s  s t i l l  n o t  a d e q u a t e  f o r  a comple te  unde r s t and ing  

when t r a n s p o r t a t i o n  f i r m s  are o p e r a t i n g  o v e r  a network of marke t s .  
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I f  t r a n s p o r t a t i o n  f i r m s  c o n f i n e d  t h e i r  supply  t o  a s i n g l e  market, t h e n  i t  would 

be p o s s i b l e  t o  de te rmine  t h e  average  and margina l  c o s t s  p e r  u n i t  o f  s u p p l y .  

ever, when t h e y  o p e r a t e  s e r v i c e s  a l o n g  a r o u t e ,  they o f f e r  s e r v i c e s  j o i n t l y  

t o  a small s e t  o f  m a r k e t s ,  and i t  becomes i m p o s s i b l e  t o  de te rmine  t h e  

margina l  c o s t  of supply  t o  an i n d i v i d u a l  marke t .  The f i r m  now makes s u p p l y  

How- 

d e c i s s i o n s  about  d i s p a t c h i n g  a v e h i c l e  a l o n g  t h e  r o u t e  and w i l l  know t h e  c o s t  o f  

each  s u c h  d i s p a t c h .  

s e r v i c e  i n  each  market a l o n g  t h e  r o u t e .  There may be o t h e r  dimensions of  a r b i -  

There i s  now an a r b i t r a r y  d e c i s i o n  about  p r i c i n g  t h e  

t r a r y  c o s t i n g  i f  more t h a n  one c lass  of  service i s  j o i n t l y  o f f e r e d  or more t h a n  

one segment of demand e x i s t s .  The d i f f e r e n t  t r a n s p o r t a t i o n  goods are s p l i t  no t  

only by g e o g r a p h i c a l  market  b u t  a l s o  by q u a l i t y .  B u t  t h e  i m p o r t a n t  p o i n t  is t h a t  

we cannot  d e t e r m i n e  t h e  m a r g i n a l  c o s t s  f o r  t r a n s p o r t a t i o n  service i n  a n  i n d i v i -  

d u a l  market  o f  a network. 

Where b e f o r e  w e  c o u l d  p o s t u l a t e  an  o p t i m a l  p r o f i t  s e e k i n g  b e h a v i o r  f o r  t h e  

f i r m  i n  a s i n g l e  marke t ,  now we  must p o s t u l a t e  p r o f i t  s e e k i n g  b e h a v i o r  o v e r  t h e  

network of  m a r k e t s .  

may seem non-optimal.  Firm b e h a v i o r  i n  a market  depends upon g e o g r a p h i c a l l y  

a d j a c e n t  market  o p e r a t i o n s .  

I f  we examine a n  i n d i v i d u a l  marke t ,  t h e  b e h a v i o r  o f  a f i r m  

If  w e  now propose  t o  examine t h e  c o m p e t i t i v e  b e h a v i o r  o f  t r a n s p o r t a t i o n  f i r m s  

which o p e r a t e  i n  a g iven  market  b u t  which have d i s s i m i l a r  netwrrrks, we c a n n o t  

e x p e c t  t o  u n d e r s t a n d  t h e i r  b e h a v i o r  i n  t h i s  p a r t i c u l a r  market w i t h o u t  s i m u l t a n e o u s l y  

u n d e r s t a n d i n g  t h e i r  b e h a v i o r  i n  t h e  a d j a c e n t  marke ts .  

network g i v e s  a ca r r i e r  t h e  power t o  r e r o u t e  v e h i c l e s  w i t h  empty s p a c e  through t h e  

g i v e n  market a t  a v e r y  low m a r g i n a l  or i n c r e m e n t a l  c o s t s ,  and p r o v i d e s  t h a t  carrier 

A high  a c t i v i t y  a d j a c e n t  

w i t h  u n u s u a l  market  power o v e r  a l o c a l  carrier.  This  h o l d s  t r u e  even i f  t h e  local  

carrier were t o  e n j o y  lower a v e r a g e  costs .  Thus, t h e r e  is  a d i s c r e t i o n a r y  r o u t i n g  

power a s s o c i a t e d  w i t h  an i n c r e a s e d  scale  o f  n e t w o r k [ a c t i v i t y  which a l a r g e  n e t w o r k ]  
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a c t i v i t y  which a l a r g e  network c a r r i e r  may e l e c t  t o  use a g a i n s t  any  c o m p e t i t o r s  

i n  any g iven  ( l a c a l )  marke t .  

Economic e f f i c i e n c y  demands t h a t  t h i s  e m p t y  space  be f i l l e d  a t  low margina l  

c o s t s ,  b u t  t h i s  may be regarded  as  u n f a i r  o r  p r e d a t o r y  c o m p e t i t i v e  p r a c t i c e  s i n c e  

t h e  l a r g e  c a r r i e r  h a s  t h e  power t o  use  i t  i n  an a r i b i t r a r y  f a s h i o n  i n  s e l e c t e d  

marke ts  a t  any g iven  time. This  makes i t  d i f f i c u l t  f o r  new car r ie rs  t o  e n t e r  t h e  

i n d u s t r y  unless t h e y  i n s t a n t l y  p r o v i d e  a l a r g e  q u a n t i t y  supp ly  o v e r  a s t r o n g  n e t -  

work of  marke ts .  The o n l y  advantage  t h e  new c a r r i e r  may have i s  lower l a b o r  

c o s t s ,  s i n c e  t h e  l a r g e r  car r ie r  may have used t h e  e f f i c i e n c i e s  a r i s i n g  from 

l a r g e  network r o u t i n g  powers t o  reward o p e r a t i n g  and management p e r s o n n e l  w i t h  

h i g h e r  wages.  

To de te rmine  whether  a car r ie r  i s  p r a c t i c i n g  p r e d a t i o n ,  w e  need t o  de t e rmine  

h i s  marg ina l  c o s t s  of  s u p p l y i n g  t h e  marke t .  This  can  on ly  be de te rmined  i f  w e  

know t h e  demands i n  t h e  r ema in ing  marke ts  of h i s  network and h i s  v a r i o u s  r o u t i n g  

o p t i o n s  and t h e i r  c o s t s ,  No t i ce  t h a t  as demand leve ls  change ove r  t i m e ,  s o  w i l l  

t h e s e  marg ina l  c o s t s  s o  t h a t  h i s  c o m p e t i t i v e  p o s i t i o n  and behav io r  i n  t h e  market  

may be  t i m e  v a r y i n g .  

marke ts  when t h e  ca r r i e r  ne tworks  only p a r t i a l l y  o v e r l a p  and where t h e i r  m a r p i n a l  

c o s t s  depend 

There i s  l i t t l e  chance f o r  a c o m p e t i t i v e  e q u i l i b r i u m  i n  

upon time v a r y i n g  demand i n  r e l a t e d  marke t s .  

. 

It shou ld  be  c lear  f o r  a l l  t h e s e  r e a s o n s t h a t  i t  i s  n e c e s s a r y  t o  a n a l y z e  

t h e  economics o f  a common carrier t r a n s p o r a t a t i o n  f i r m  a t  the ne twork  leve l .  

We s h a l l  now deve lop  a set o f  network models f o r  t h e  t r a n s p o r t a t i o n  f i r m  

which use  s t a n d a r d  t o o l s  i n  mathemat ica l  p r o g r a m i n g  t o  d e s c r i b e  t h e  i n t e r a c t i o n s  

of s u p p l y  and demand o v e r  a network.  
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111. Modeling t h e  T r a n s p o r t a t i o n  F i r m  

111.1 The Two S t a g e  Supply Process  f o r  T r a n s p o r t a t i o n  

A schemat i c  diagram f o r  t h e  supp ly  p r o c e s s e s  i n  t r a n s p o r t a t i o n  i s  g iven  

by F i g u r e  111-1. I t  i s  a two s t a g e  p r o c e s s .  F i r s t ,  i n p u t s  of  v e h i c l e s ,  

s t a t i o n s ,  l a b o r ,  and f u e l  a r e  used i n  a t r a n s p o r t a t i o n  p r o d u c t i o n  f u n c t i o n  

t o  c r e a t e  a t r a n s p o r t a t i o n  c a p a b i l i t y  as an i n t e r m e d i a t e  o u t p u t .  T h i s  ou t -  

p u t  i s  measured i n  v e h i c l e  a v a i l a b l e  hour s  o r  m i l e s ,  o r  a v a i l a b l e  c a p a c i t y  

ton-mile  c a p a b i l i t y  . 
Secondly ,  t h i s  t r a n s p o r t a t i o n  c a p a b i l i t y  i s  i n p u t  t o  a n o t h e r  s u p p l y  

p r o c e s s  c a l l e d  a t r a n s p o r t a t i o n  s c h e d u l i n g  f u n c t i o n .  This f u n c t i o n  a l s o  

a c c e p t s  i n p u t s  from t h e  demand s i d e  of m a r k e t s ,  and a t t e m p t s  t o  p r o v i d e  

t h e  most e f f i c i e n t  u se  of t h e  g iven  t r a n s p o r t a t i o n  c a p a b i l i t y ;  i t s  o u t p u t  

i s  t h e  p r o v i s i o n  of j o i n t  t r a n s p o r t a t i o n  s e r v i c e s  i n  t h e  m u l t i p l e  marke t s  

o f  i t s  network.  T h i s  i s  t h e  f i n a l  o u t p u t  - a s e t  of  s e r v i c e s  consumed by 

s h i p p e r s  and p a s s e n g e r s  i n  each  marke t .  

f r equency  and volume ( i n  terms o f  a v a i l a b l e  sea ts ,  t o n s ,  o r  space )  i n  e a c h  

marke t .  To produce  t h e s e  o u t p u t s ,  t h e  s c h e d u l i n g  f u n c t i o n  w i l l .  p r e s c r i b e  

a set  of a c t i v i t i e s o r o p e r a t i o n s  f o r  v e h i c l e s  and s t a t i o n s  o v e r  t h e  whole 

sys t em.  These a c t i v i t i e s  are n o t  o u t p u t s .  

Its q u a n t i t y  i s  measured as s e r v i c e  

I n  o u r  work we s h a l l  s t u d y  t h e  c o s t s  of p roduc ing  t r a n s p o r t a t i o n  capa- 

b i l i t y  i n  a n  e m p i r i c a l  f a s h i o n  l o o k i n g  a t  t h e  a v a i l a b l e  c o s t  d a t a  from i n -  

d u s t r y  s o u r c e s .  

p a r t i c u l a r  a i r c r a f t  i n  terms of h o u r l y  c o s t s  for l a b o r ,  f u e l ,  and ownersh ip ,  

and t h e  c o s t s  o f  o p e r a t i n g  s t a t i o n s  in terms of  c o s t s  p e r  pas senge r  boarded  

o r  t o n  loaded  and c o s t s  p e r  v e h i c l e  d e p a r t u r e .  

g i v e  us  e v i d e n c e  a b o u t  t h e  t r a n s p o r t a t i o n  p r o d u c t i o n  f u n c t i o n  across a i r l i n e s  

For a i r l i n e  s t u d i e s ,  w e  can i s o l a t e  t h e  c o s t s  of o p e r a t i n g  

These e m p i r i c a l  c o s t  s t u d i e s  
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I, 

of v a r y i n g  s i z e  and through t h e  y e a r s .  

We s h a l l  s t u d y  t h e  t r a n s p o r t a t i o n  s c h e d u l i n g  f u n c t i o n  i n  a q u i t e  

d i f f e r e n t  manner. Here we c o n s t r u c t  a d e t a i l e d  model of  t h e  d e c i s i o n  

making p r o c e s s  f o r  t h e  f i r m  i n  f i n d i n g  an op t ima l  e q u i l i b r i u m  between 

supp ly  and demand ove r  t h e  marke ts  of a n  o p e r a t i n g  network s u b j e c t  t o  a 

va r i e ty  of c o n s t r a i n t s  on o p e r a t i o n s ,  o p e r a t i n g  a u t h o r i t y ,  a v a i l a b l e  

t r a n s p o r t a t i o n  c a p a b i l i t y ,  market  c o n d i t i o n s ,  e t c .  The b a s i c  d e c i s i o n  

of t h e  f i r m  i s  made i n  te rms  o f  veh ic l e - f r equency- rou t ing ;  i . e .  s e l e c t  

t h e  f requency  o f  d e p a r t u r e s  f o r  each  t y p e  of  v e h i c l e  a l o n g  a r o u t i n g .  

We assume a knowledge of demand as a f u n c t i o n  of  p r i c e  and q u a l i t y  of  

s e r v i c e  ( i n  terms o f  non-s top ,  t h rough ,  or connec t ing  service,  f r equency  

o f  service,  on-time per formance ,  s p a c e  a v a i l a b i l i t y ,  e t c . )  f o r  each  mar- 

k e t .  We s h a l l  assume various c o m p e t i t i v e  s c e n a r i o s  i n  t h e s e  marke t s ,  and 

t h a t  t h e  f i r m  w i l l  be  p r o f i t  s e e k i n g  ove r  t h e  complete  sys tem o f  marke t s .  

111.2 - Modeling t h e  Cost  of  Network Opera t ions  

The o p e r a t i n g  c o s t s  f o r  t r a n s p o r t a t i o n  v e h i c l e s  may be  r e l a t e d  t o  

o p e r a t i n g  h o u r s ,  m i l e s ,  or c a p a c i t y  miles. The i n p u t  f a c t o r s  are o p e r a t i n g  

and main tenance  l a b o r ,  o p e r a t i n g  f u e l ,  and c a p i t a l  i n  t h e  form of v e h i c l e  

ownersh ip .  G e n e r a l l y ,  t h e r e  are c o s t s  a s s o c i a t e d w i t h t h e  a r r iva l  and 

d e p a r t u r e  o f  a t r i p ,  and t h e n  c o s t s  p r o p o r t i o n a l  t o  t r i p  d i s t a n c e  o r  t r i p  

t i m e .  Thus, we can u s u a l l y  c a l c u l a t e  t h e  v e h i c l e  o p e r a t i n g  c o s t s  f o r  a 

t r i p ,  or t r i p  segment. ( I n  o u r  s c h e d u l i n g  model t h e s e  are  c a l l e d  a r o u t e  

or r o u t e  segment . )  

These t r i p  c o s t s  i n c r e a s e  w i t h  v e h i c l e  s i z e ,  b u t  a t  a ra te  l e s s  t h a n  

the s i z e  i n c r e a s e .  Thus,  t h e r e  are d e c r e a s i n g  t r i p  c o s t s  p e r  u n i t  of 
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c a p a c i t y  as v e h i c l e  c a p a c i t y  i s  i n c r e a s e d .  This  i s  t r u e  of  a l l  forms of 

t r a n s p o r t a t i o n ,  so t h a t  we say  t h e r e  i s  an economy of s c a l e  where s c a l e  

r e f e r s  t o  v e h i c l e  s i z e .  A l a r g e r  v e h i c l e  consumes r e l a t i v e l y  less l a b o r  

an? f u e l  i n p u t s .  I t s  a c q u i s i t i o n  p r i c e  i s  determined by t h e  market f o r  

v e h i c l e s  where a i r c r a f t  e f f i c i e n t  i n  l a b o r  and f u e l  may be p r i c e d  h i g h e r  

r e l a t i v e  t o  t h o s e  l e s s  e f f i c i e n t .  

The o p e r a t i n g  c o s t s  f o r  s t a t i o n  o p e r a t i o n s  may be r e l a t e d  t o  p a s s e n g e r s  

boarded or t o n s  l o a d e d .  Here, w e  o f t e n  s e e  economies of  s c a l e  a t  a s t a t i o n  

as i t  i n c r e a s e s  i t s  s c a l e  o f  o p e r a t i o n s  and makes more e f f i c i e n t  u s e  of  

n e c e s s a r y  f a c i l i t i e s ;  bu t  t h e n  as t h e  s c a l e  of o p e r a t i o n s  c o n t i n u e s  t o  

i n c r e a s e ,  t h e  e f f e c t s  of complexi ty  and c o n g e s t i o n  may c a u s e  u n i t  l o a d i n g  

c o s t s  t o  i n c r e a s e .  Not ice  t h a t  t h e s e  c o s t s  a r e  i n c u r r e d  a t  t h e  s t a t i o n  

l e v e l  and must be j o i n t l y s h a r e d a m o n g  t h e  s e v e r a l  marke ts  u s i n g  t h a t  s t a t i o n .  

There are a l s o  sys tem overhead c o s t s  which are n o t  d i r e c t l y  v a r i a b l e  

w i t h  v e h i c l e  or s t a t i o n  o p e r a t i o n s ,  b u t  which i n  t h e  l o n g e r  r u n  a r e  pro-  

p o r t i o n a l  t o  sys tem o p e r a t i n g  c o s t s .  We s h a l l  t r e a t  t h e s e  c o s t s  as f i x e d  

c o s t s  and the  o p e r a t i n g  c o s t s  as v a r i a b l e  cos ts .  Our s c h e d u l i n g  models 

maximize t h e  s u r p l u s  of revenues  over v a r i a b l e  c o s t s ,  and t h u s  may be s a i d  

t o  maximize c o n t r i b u t i o n  t o  overhead .  System f i x e d  c o s t s  must b e  s u b t r a c t e d  
I . .  

t o  g e t  a n  o p e r a t i n g  income. 

T h i s  s t r u c t u r e  of  c o s t s  a p p l i e s  t o  a l l  forms o f  t r a n s p o r t a t i o n  and i s  

w i d e l y  used by management and p l a n n i n g  per2onnel  f o r  e a c h  firm. Such d a t a  

is a v a i l a b l e  i n  t h e  p u b l i c  domain o n l y  f o r  a i r  t r a n s p o r t a t i o n  where a n  

e x t e n s i v e  d a t a  b a s e  e x i s t s  from a i r l i n e  r e p o r t s  t o  t h e  CAB under  a uni form 

sys tem o f  a c c o u n t s .  N o  e q u i v a l e n t  system ex is t s  for t r u c k i n g ,  r a i l ,  o r  
' 

b a r g e  o p e r a t i o n s  a t  t h e  ICC, and t h e  c o o p e r a t i o n  o f  f i r m  managements would 
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be r e q u i r e d  i n  o b t a i n i n g  e q u i v a l e n t  d a t a .  I t  i s ,  however, t h i s  i n f o r m a t i o n  

upon which they  make d e c i s i o n s  and would be r e q u i r e d  t o  unde r s t and  t h e i r  

b e h a v i o r .  Our i n i t i a l  c a s e  s t u d i e s  a r e  r e s t r i c t e d  t o  a i r  t r a n s p o r t a t i o n  

due t o  t h e  a v a i l a b i l i t y  of v e h i c l e  t r i p  and s t a t i o n  l o a d i n g  c o s t  d a t a .  

111.3 T r a n s p o r t a t i o n  Network Models - Fixed Demand 

Now we s h a l l  d e s c r i b e  an i n i t i a l  model f o r  t h e  t r a n s p o r t a t i o n  s c h e d u l i n g  

f u n c t i o n  f o r  a f i r m  o p e r a t i n g  on a ne twork .  We w i l l  p r e s e n t  a g r a d u a l  de- 

velopment of models of i n c r e a s i n g  complexi ty  from t h i s  p r i m i t i v e  beg inn ing ,  

d e f i n i n g  o u r  n o t a t i o n  as t h e  models are p r e s e n t e d .  

The problem posed h e r e  i s  t o  f i n d  t h e  s e t  of v e h i c l e / r o u t e / f r e q u e n c y  

d e c i s i o n s  which carry a f i x e d  demand i n  a l l  marke t s  o f  t h e  network and which 

minimizes  t h e  o p e r a t i n g  c o s t .  There a r e  f o u r  s e t s  o f  i n p u t  d a t a :  

1 )  Market Data - D i s  t h e  ave rage  demand q u a n t i t y  i n  market  m f o r  

A market  m i s  

m 

some p e r i o d  such  as an ave rage  day of a month o r  s e a s o n .  

d e f i n e d  by a p a i r  of s t a t i o n s  s e r v i n g  t h e i r  r e s p e c t i v e  r e g i o n s  o r  c i t i es .  

2 )  Rout ing  Data - R i s  a l a r g e  s e t  of r o u t e s ,  r, which can be fo l lowed  

by v e h i c l e s  i n  moving ove r  t h e  network.  R i s  t h e  s u b s e t  of r o u t e s  which 

serves market  m,  and w e  assume t h e r e  w i l l  a lways b e  more than  one r o u t e  

f o r  e v e r y  marke t .  

v e h i c l e s .  ( L a t e r  we w i l l  c o n s i d e r  r o u t e s  f o r  p a s s e n g e r s  o r  sh ipments  which 

use  p o r t i o n s  o f  v e h i c l e  r o u t e s  t o  form a "connect ing"  s e r v i c e . )  

m 

The r o u t e s  may b e  non-stop o r  m u l t i - s t o p  t r i p s  f o r  t h e  

3) Vehic l e  Data - U i s  t h e  a v a i l a b l e  t r a n s p o r t a t i o n  c a p a b i l i t y  f o r  
V 

v e h i c l e  t y p e  v o v e r  t h e  time p e r i o d  ( such  as an  a v e r a g e  day) .  

o p e r a t i n g  c o s t s  f o r  each  v e h i c l e  type  a l o n g  each  r o u t e  r, C 

a r r i v a l  and d e p a r t u r e  c o s t s  ( such  as p o r t  f e e s  and v e h i c l e  s e r v i c i n g  and 

We know t h e  

. This  i n c l u d e s  vr 

b 
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r e f u e l l i n g  c h a r g e s )  f o r  each s t e p  a l o n g  t h e  r o u t e .  

4 )  S t a t i o n  Data - w e  may wish t o  bound t h e  number of v e h i c l e  depar -  

t u r e s  a t  a s t a t i o n .  We d e n o : ~  rL as t h e  lower limit on d e p a r t u r e s  p e r  

day by  v e h i c l e  type  v a t  s t a t i o n  k ,  and FL as t h e  lower l imit  f o r  a l l  

t y p e s .  These l i m i t s  would e n s u r e  a r e a s o n a b l e  l e v e l  of s e r v i c e  a t  t h e  

V k  

k 

c i t y ,  o r  e n s u r e  a r e a s o n a b l e  u t i l i z a t i o n  of  t h e  s t a t i o n .  We d e n o t e  FU vk 

an an  upper  l i m i t  on d e p a r t u r e s l d a y  by t y p e  v ,  and FLJk as an  upper  l i m i t  

on a l l  t y p e s l d a y  a t  s t a t i o n  k .  These l i m i t s  e n s u r e  o p e r a t i o n s  w i t h i n  s t a -  

t i o n  c a p a c i t i e s .  

We a l s o  know t h e  o p e r a t i n g  c o s t s  f o r  l o a d i n g  and u n l o a d i n g  a u n i t  o f  

demand i n  t h e  marke t ,  C . We can l i m i t  t h e  volume of demand a t  a s t a t i o n  

t o  be less  t h a n  a v a l u e  denoted by DU o r  r e p r e s e n t  a s e t  o f  l o a d i n g  c o s t s  k ’  
which i n c r e a s e  as t h e  volume of demand a t  a s t a t i o n  i n c r e a s e s .  

m 

We can now s t a t e  t h i s  i n i t i a l  model i n  terms of  t h e  f o l l o w i n g  mathema- 

t i c a l  program: 

a )  Minimize O p e r a t i n g  Cos t :  

Minimize COST = 1 1 C F + 1 C * D  vr  vr m m  v r  m 

where F i s  t h e  d e c i s i o n  v a r i a b l e  - t h e  f requency  of service by v e h i c l e  v 

on r o u t e  r.  S i n c e  t h e r e  may be a l a r g e  number of r o u t e s ,  many of t h e s e  Fvr 

v a l u e s  w i l l  be z e r o .  More t h a n  one v e h i c l e  t y p e  may be s e n t  a l o n g  a r o u t e .  

On t h e  o t h e r  hand, some v e h i c l e s  may n o t - b e  c a p a b l e  of u s i n g  c e r t a i n  r o u t e s .  

S i n c e  a l l  demand w i l l  be  s e r v e d  i n  t h i s  f i r s t  model, t h e  second term i n  t h e  

v r  

COST f u n c t i o n  i s  c o n s t a n t .  

We must minimize c o s t  w h i l e  i n s i s t i n g  t h a t  c e r t a i n  r e l a t i o n s h i p s  e x i s t .  

These s u p p l y  f o u r  major  se ts  o f  c o n s t r a i n t  e q u a t i o n s  for  t h e  m a t h e m a t i c a l  
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program: 

b)  Market Demand must be s e r v e d :  

C D = D  m r  m 
m r c  R 

for a l l  marke t ,  m where D i s  a v a r i a b l e  m r  

d e s c r i b i n g  t h e  p o r t i o n  of market  demand s e r v i c e  v i a  r o u t e  r which b e l o n g s  

t o  R . m 

c )  V e h i c l e  Capac i ty  must n o t  be exceeded:  

< C F  ' S  f o r  a l l  l i n k s ,  R where MRr is  t h e  
vr  v m r  - I D  

V Rr m E M  

s e t  of  marke ts  which t r a v e r s e  l i n k  R o f  r o u t e  r ;  where S i s  t h e  e f f e c t i v e  

c a p a c i t y  o f  v e h i c l e  v e x p r e s s e d  i n  s e a t s  o r  t o n s .  These c o n s t r a i n t s  e n s u r e  

t h a t  s u f f i c i e n t  c a p a c i t y  e x i s t s  on t h e  average  t o  handle  t h e  demand f l o w i n g  

o v e r  e a c h  l i n k  of e a c h  r o u t e .  The c a p a c i t y  v a l u e s  S must account  f o r  some 

maximum a l l o w a b l e  l o a d  f a c t o r  -- which r e l a t e s  t h e  t r u e  p h y s i c a l  c a p a c i t y  of- 

f e r e d  t o  t h e  p e a k i n g  o v e r  time of  t h e  market demands. Thus we do n o t  s e t  

t h e  l o a d  f a c t o r ,  j u s t  i t s  upper  bound. Even t h i s  l i m i t  is  n o t  n e c e s s a r y .  

I n s t e a d  of a s i n g l e  v a l u e  of  e f f e c t i v e  c a p a c i t y  as modeled h e r e ,  we c o u l d  

i n c l u d e  a c o s t  o f  o p e r a t i n g  a t  h i g h e r  l o a d  f a c t o r s  t o  account  f o r  inconveni -  

e n c e  o r  d e l a y  t o  sh ipments  o r  p a s s e n g e r s ,  o r  as l o s t  revenue t o  t h e  f i r m  as 

demand d e c r e a s e s  due t o  t h e s e  f a c t o r s .  

V 

V 

d )  S t a t i o n  Capac i ty  must n o t  be exceeded:  

% f o r  a l l  s t a t i o n s ,  k where 

i s  t h e  s e t  of r o u t e s  which u s e  s t a t i o n  k. The double  summation c o u n t s  a l l  

v e h i c l e  d e p a r t u r e s  a t  t h e  s t a t i o n  o v e r  t h e  p e r i o d  which is  b e i n g  c o n s t r a i n e d  
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h e r e  t o  l i e  between upper  and lower  bounds.  Again,  if t h e r e  a r e  i n c r e a s i n g  

d e l a y  c o s t s  due t o  s t a t i o n  c o n g e s t i o n ,  they can be i n c l u d e d  i n  t h e  model 

r a t h e r  t han  an a b s o l u t e  c ~ ? e r  c a p a c i t y  on s t a t i o n  a c t i v i t y .  

S i m i l a r  r e l a t i o n s h i p s  may be s t a t e d  i n  te rms  of  demand volume a t  t h e  

s t a t i o n .  For  example,  

= C D < DUk m -  m E 
Dk f o r  any s t a t i o n  k where % i s  t h e  s e t  

o f m a r k e t s  u s i n g  s t a t i o n  k .  

e )  Vehic le  A v a i l a b i l i t y  i s  n o t  exceeded:  

V 
I F  ' U  < U  vr vr - r 

f o r  a l l  v e h i c l e  t y p e s ,  v where U vr 

i s  t h e  v e h i c l e  use  a s s o c i a t e d  w i t h  r o u t e  r ( e .g .  t h e  t o t a l  f l i g h t  h o u r s  

f o r  a i r c r a f t  v t o  f l y  r o u t e  r )  and U i s  t h e  d a i l y  f l e e t  u sage  a v a i l a b l e  

f o r  v e h i c l e  t ype  v .  
V 

I n  summary, t h i s  i n i t i a l  model w i l l  f i n d  a s e t  o f  d e c i s i o n  v a r i a b l e s ,  

Fvr, which minimize t h e  t o t a l  o p e r a t i n g  c o s t  t o  t r a n s p o r t  a f i x e d  set  o f  

s t a t i o n  capa- 
sV , w h i l e  n o t  exceed ing  v e h i c l e  c a p a c i t y ,  Dm 9 

market  demand , 

c i t y ,  FLJk, o r  v e h i c l e  a v a i l a b i l i t y ,  U . 
t h e  f r equency  o f  service on t h e  r o u t i n g  a r e  all s i m u l t a n e o u s l y  s e l e c t e d  t o  

accompl ish  t h i s .  

o f  r o u t i n g s ,  by a i r c r a f t  o f  d i f f e r e n t  t y p e s ,  and v a r y i n g  f r e q u e n c i e s  of  

non-stop and mul t i - s top  service.  I n  g e n e r a l ,  t h e  answer i n  a market  may 

The v e h i c l e  t y p e ,  t h e  r o u t i n g ,  and 
V 

The r e s u l t i n g  service i n  a market  may c o n s i s t  of a v a r i e t y  

n o t  be  t h e  s imple  a p p l i c a t i o n  o f  t h e  v e h i c l e  w i t h  l e a s t  c o s t  p e r  u n i t  o f  

c a p a c i t y  f o r  non-stop s e r v i c e  i n  t h e  marke t .  
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1 1 1 . 4  T r a n s p o r t a t i o n  Network Models w i t h  Demand-Price R e l a t i o n s h i p s  

I n  t h e  b a s i c  model of  S e c t i o n  1 1 1 . 3 ,  t h e  o b j e c t i v e  was t o  minimize 

t h e  c o s t s  o f  p r o v i d i n g  r e q u i r e d  t r a n s p o r t a t i o n  s e r v i c e s .  S i n c e  t h e  demands 

D were f i x e d ,  t h e r e  was no need t o  i n c l u d e  revenue i n  t h e  o b j e c t i v e  func-  

t i o n .  I f  we now f i x  t h e  p r i c e  P f o r  a u n i t  o f  t r a n s p o r t  s e r v i c e  i n  marke t  

m ,  and a l l o w  as much demand t o  be carr ied as d e s i r e d  up t o  t h e  l i m i t  of D m' 

t h e n  t h e  o b j e c t i v e  f u n c t i o n  becomes a p r o f i t  maximiza t ion :  

m 

m 

Maximize PROFIT = C Y * - ( c  C 'F 4- c Cm'Dm) vr vr v r  m m Dm m 

where Y 

demand c o n s t r a i n t s  1) become an  i n e q u a l i t y ;  

i s  t h e  n e t  y i e l d  p e r  u n i t  of demand i n  market m,  and t h e  market  
m 

But we may go much f u r t h e r  t h a n  t h i s .  I f  we know t h e  complete  Demand- 
I 

P r i c e  c u r v e ,  we-may i n c l u d e  D and Y 

by t h e  model. 

as v a r i a b l e s  t o  b e  o p t i m a l l y  d e t e r m i n e d  m m 

To do t h i s ,  w e  need t h e  Demand-Price r e l a t i o n s h i p  and t h e  

Revenue-Price r e l a t i o n s h i p .  

We can  i n t r o d u c e  t h e  Demand-Price r e l a t i o n s h i p  i n  t h e  form of a p i e c e -  
* 

w i s e  l i n e a r  c u r v e  as shown i n  F i g u r e  111-2. A s  l o n g  as  t h e  curve h a s  t h e  

convex shape  shown, w e  can s t a t e  t h e  market  demand as f o l l o w s :  

D = Do + C d i * y m  i 
m m m i 

* 
Our a p o l g i e s  t o  economis ts  who are accustomed t o  s e e i n g  t h i s  c u r v e  w i t h  t h e  
axes r e v e r s e d .  Our s e n s i b i l i t i e s  r e q u i r e  t h a t  t h e  independent  v a r i a b l e ,  Pm 
be p l a c e d  on t h e  h o r i z o n t a l  a x i s .  
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rn D 

Figure 111-2 Demand - Price Relationship 

t o  t a  1 one-way 
demand 

Go r 

For a spec i f i c  c i ty -pa i r  market and a 
speci f i  c t ranspor t  c o m d i  t y .  

on pr ice  

Price per u n i t  o f  demand, Ym 

Figure 111-3 Revenue - Price Relationship 

REV,,, 
t o t a l  one-way 
revenues (assur-  
i n g  demand i s  
ca r r i ed )  

Pr ice ,  Ym 
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i 
m m' where y a r e  bounded components of t h e  u n i t  p r i c e  Y 

i 
i . e .  \i = 1 ym m i 

i 
m and d i s  t h e  s l o p e  of t h e  segment of t h e  demand c u r v e .  Not ice  t h a t  t h e r e  

i s  a f i n i t e  demand a t  z e r o  p r i c e  and f i n i t e  p r i c e  f o r  z e r o  demand. 

There i s  a co r re spond ing  Revenue-Price r e l a t i o n s h i p ,  as shown i n  

F igu re  111-3. Again t h e  curve  i s  convex, and u s i n g  t h e  same p r i c e  com- 

ponen t s  we can  s t a t e  t h e  market  revenue as follows: 

i 
m 'm REV, = c ri * 

i 

i 
m where r i s  t h e  s l o p e  of t h e  segment of t h e  revenue  cu rve .  

i 
m The s l o p e  of r a r e  p o s i t i v e  a t  f i r s t ,  c a u s i n g  revenue  t o  i n c r e a s e  

r a p i d l y  t o  a maximum. Th i s  co r re sponds  t o  an i n e l a s t i c  p o r t i o n  o f  t h e  

demand cu rve .  Then t h e  s l o p e  becomes n e g a t i v e ,  c a u s i n g  revenue  t o  d e c r e a s e  

c o r r e s p o n d i n g  t o  an e l a s t i c  p o r t i o n  of t h e  demand cu rve .  We assume t h a t  

t h i s  i s  a g e n e r a l  r e p r e s e n t a t i o n  of revenue and demand f o r  t h e  f i r m  opera-  

t i n g  i n  a n  o l i g o p o l i s t i c  marke t .  

mat ion  on market  demand t h a n  h a s  been a v a i l a b l e  i n  t h e  p a s t .  Knowledge o f  

c u r r e n t  t r a f f i c  and p r i c e s ,  and an e s t i m a t e  o f  t h e  p o i n t  e l a s t i c i t i e s  i s  

n o t  s u f f i c i e n t .  We want t h e  comple te  demand cu rve  f a c i n g  t h e  f i r m .  

W e  now need t o  produce  much b e t t e r  i n f o r -  

I f  t h e s e  market  demand c u r v e s  a r e  known, t h e  model i s  now f r e e  t o  

choose v e h i c l e s ,  r o u t i n g s ,  and p r i c e s  such as t o  maximize i t s  p r o f i t  ( o r  

pe rhaps  more c o r r e c t l y ,  i t s  o p e r a t i n g  income),  s u b j e c t  t o  any o p e r a t i n g  

c o n s t r a i n t s .  By l o w e r i n g  p r i c e s ,  t h e  f i r m  can f i l l  any empty  c a p a c i t y  on 

a r o u t e .  By r a i s i n g  p r i c e s ,  i t  can reduce demand t o  e n s u r e  t h a t  i t  has 

s u f f i c i e n t  capacity t o  carry t h e  demand. I f  we add upper  and lower  bounds 

, 
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on p r i c e  v a r i a b l e s  t o  t h e  model, we are  e f f e c t i v e l y  bounding t h e  l e v e l s  

o f  demand which caz  o r  must be c a r r i e d  i n  t h e  marke t .  (See F igu re  1 1 1 - 2 . )  

I n  f r e i g h t  t r a n s p o r t a t i o n ,  i t  i s  p o s s i b l e  t h a t  we have a v a r i e t y  of 

goods each  of which has  i t s  O ~ T  demand-price r e l a t i o n s h i p .  The t o t a l  

demand and revenue w o u l d  be t h e  sum and t h e  model would choose an opt in ia l  

s e t  o f  p r i c e s  f o r  each commodity i n  t h e  t r a n s p o r t a t i o n  marke t .  Not ice  

t h a t  t h e s e  p r i c e s  would va ry  by marke t ,  and would depend upon the  network 

geometry and t h e  r o u t e s  used by v e h i c l e s  w i t h i n  t h e  network.  

The Demand-Price r e l a t i o n s h i p s  d e s c r i b e d  i n  t h i s  s e c t i o n  assume t h a t  

Q u a l i t y  of  t h e  q u a l i t y  of  t r a n s p o r t a t i o n  s e r v i c e  i s  b e i n g  h e l d  c o n s t a n t .  

s e r v i c e  i s  a mul t id imens iona l  v e c t o r  w i t h  components o f  t r i p  t ime ,  t r i p  

r e l i a b i l i t y ,  t r i p  comfort  and t r i p  convenience ( a c t u a l l y ,  subcomponents 

e x i s t  i n  each  of t h e s e  c a t e g o r i e s ) .  I n  t h e  n e x t  s e c t i o n ,  w e  s h a l l  i n t r o -  

duce Demand-Trip Time r e l a t i o n s h i p s  o r ,  more s p e c i f i c a l l y ,  Demand-Frequency 

o f  S e r v i c e  r e l a t i o n s h i p s  f o r  each  market  whi le  h o l d i n g  p r i c e s  f i x e d .  

111.5 T r a n s p o r t a t i o n  Network Models w i t h  Demand-Trip T ime  R e l a t i o n s h i p s  

I n  t h i s  s e c t i o n ,  market  demand w i l l  be  e x p r e s s e d  as a f u n c t i o n  of 

q u a l i t y  o f  service s u p p l i e d  i n  t h e  d imens ions  o f  t o t a l  t r i p  time and f r e -  

quency o f  service.  We s h a l l  t e m p o r a r i l y  h o l d  p r i c e s  f i x e d ,  b u t  revenues  

w i l l  depend upon t h e  demand a c t u a l l y  g e n e r a t e d  by t h e  q u a l i t y  of  s e r v i c e s  

s u p p l i e d .  

demand, q u a n t i t y  of s u p p l y ,  and q u a l i t y  o f  s u p p l y  i n  a l l  t h e  marke ts  of  

t h e  network under  v a r i o u s  o p e r a t i n g  o r  r e g u l a t o r y  p o l i c i e s  o r  c o n s t r a i n t s .  

The models are  p r o f i t  maximizing and s e e k  a n  e q u i l i b r i u m  between 

The r e l a t i o n s h i p  between t r i p  t i m e ,  T and market  f requency  o f  service,  

F is shown i n  F igu re  111-4. As b e f o r e ,  we model t h e  f u n c t i o n s  a s  p iecewise  

m 

m 
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F i g u r e  111-4 Market  T r i p  Time as a F u n c t i o n  of  Market  F r e q u e n c y  

Market  T r i p  
Time Tm 

T” mrv 
3 

Tm 

1 
fm f2 m 

Market  Frequency, F, 
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i 

l i n e a r  c u r v e s .  T r i p  t ime i s  expressed  as t h e  sun  of  two components, 

f T~ and T . m v r  I5 

a f T = T  +'I 
m mvr rn 

(c 

where T = t h e  v e h i c l e  t r a v e l  t ime as a f u n c t i o n  of v e h i c l e  t ype  and m v  r 

r o u t i n g  used ( a t  i n f i n i t e  f requency  of s e r v i c e ) .  
f 

Tm = a v a l u e  f o r  "schedule  d e l a y , "  o r  wa i t  t ime f o r  s e r v i c e  be- 

tween t r i p s .  A s  f requency  of s e r v i c e  i n c r e a s e s ,  t h e  schedu le  

de l ay  i s  reduced i n  a p i ecewise  l i n e a r  f a s h i o n .  

where To = a maximum v a l u e  f o r  s chedu le  de l ay  m 

i 
t = s l o p e  of s chedu le  de l ay  r e d u c t i o n  wi th  f requency  ove r  

f i  = a r e  bounded components of  t h e  frequency of s e r v i c e  i n  m 

i s  a weighted  sum 
Fm , The f requency  of  s e r v i c e  i n  market m, 

f r e q u e n c i e s  of s e r v i c e s  by v e h i c l e  t y p e s  and routes; 

F = C w m r * Z  F = 1 Wmr'Fr 
r E Rm vr r E R  V 

m 
m 

segment i 

market  m. 

of t h e  

where F = f requency  of  s e r v i c e  on r o u t e  r by a l l  a i r c r a f t  t y p e s  r 
umr = weigh t ing  v a l u e s  ( u n i t y  f o r  non-stop service, and f r a c t i o n a l  

v a l u e s  f o r  mul t i - s top  s e r v i c e s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  

l o n g e r  t r a v e l  times) 

For t h e  p i ecewise  segmenta t ion  of f requency ,  t h e  f o l l o w i n g  must h o l d :  
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Not ice  t h a t  t h e  c o s t  of any v a l u e  of F i s  n o t  un ique .  It  depends m 

upon t h e  s e t  of  F v a r i a b l e s  used t o  a c h i e v e  F . vr m 
The f u n c t i o n a l  r e l a t i o n s h i p  between market demand D and t r i p  t i m i .  m 

T i s  shown i n  F igure  111-5. A corresponding  p i e c e w i s e  segmenta t ion  of 

t h i s  curve  i s  c o n s t r u c t e d  s o  t h a t  

m 

T = C T  
m j j 

Now, as f requency  of s e r v i c e  i s  i n c r e a s e d  through segments f1 f 2  e t c .  

1 2  

m '  m y  

m' Tm' t h e  t o t a l  t r i p  t ime i s  reduced f rom a maximum v a l u e - a l o n g  segments T 

e t c .  Not ice  t h a t  t h e  t ime segments are indexed by j a l o n g  t h e  d i r e c t i o n  

of d e c r e a s i n g  t r i p  t i m e .  The market demand, D can now be e x p r e s s e d  i n  

terms of  T . 
m 

m 

D = ~ ~ - a  'T m .  m m m  

00 

where D = demand l e v e l  a t  i n f i n i t e  f r e q u e n c y  of s e r v i c e  m 

m a = s l o p e  of t h e  demand c u r v e  w i t h  t r i p  t i m e  f o r  market m. 

I t  may be advantageous  t o  e x p r e s s  t h e  r e l a t i o n s h i p  between demand and 

f requency  d i r e c t l y  as shown i n  F i g u r e  111-6. T h i s  "Traff ic-Frequency" 

cdrve i s  o f t e n  used i n  a i r l i n e l p a s s e n g e r  t r a n s p o r t a t i o n  models.  Not ice  

t h a t  demand rises q u i c k l y  as f requency  i s  i n i t i a l l y  i n c r e a s e d ,  b u t  eventu-  

a l l y  s a t u r a t e s  s o  t h a t  f u r t h e r  f requency  i n c r e a s e s  do n o t  s t i m u l a t e  demand. 

The c u r v e  i n  F i g u r e  1 1 1 - 6 i s  e n t i r e l y  e q u i v a l e n t  t o  t h e  c u r v e s  of  F i g u r e s  

111-4 and 111-5. 

r e l a t i o n s h i p s  which a l l o w  us t o  i n c o r p o r a t e  f a s t e r  o r  s lower  v e h i c l e  travel 

t imes and t o  h a n d l e  t h e  "connect ing demand" as d e s c r i b e d  i n  t h e  next  sec- 

t i o n .  

There  are advantages  i n  u s i n g  t h e  more complex se t  of 
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Figure 111-5 Market Demand as a Function o f  Market Trip Time 

Market 
Demand 

Market Trip Time, Tm 

Fi gure I I 1-6 Market Demand- Frequency Re1 a t i  ons h i  p 

Market 
Demand 

. Dm" 

, / 
f' f2 f3 

Market Frequency, Fm 
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If  t h e s e  market demand f u n c t i o n s  of t r i p  t i m e  and frequency a r e  

known, t h e  model w i l l  s e l e c t  v e h i c l e  t y p e s ,  r o u t i n g s ,  and f r e q u e n c i e s  

such  as t o  maximize i t s  p r o f i t ,  s u b j e c t  t o  t h e  o p e r a t i n g  c o n s t r a i n t s .  

By u s i n g  a s m a l l e r  s i z e  v e h i c l e ,  w i t h  h i g h e r  u n i t  c o s t s ,  t h e  f i r m  can 

i n c r e a s e  i t s  f requency  o f  s e r v i c e  i n  t h e  marke t ,  t h e r e b y  i n c r e a s i n g  i t s  

s h a r e  of market demand, revenue ,  and p r o f i t a b i l i t y .  By u s i n g  m u l t i - s t o p  

r o u t i n g s ,  i t  can i n c r e a s e  i t s  l o a d  s i z e  on any segment a t  any g i v e n  f r e -  

quency,  t h e r e b y  a l l o w i n g  t h e  use o f  l a r g e r  v e h i c l e s  w i t h  lower u n i t  c o s t s .  

These t r i p  t i m e  and f requency  e f f e c t s  are  p a r t i c u l a r l y  impor tan t  i n  t h e  

t r a n s p o r t a t i o n  of b u s i n e s s  p a s s e n g e r s .  Once a g a i n ,  i t  i s  c l e a r  t h a t  t h e  

answer i n  terms o f  v e h i c l e  t y p e ,  s i z e ,  f requency  and r o u t i n g  i n  a g i v e n  

market  depends s t r o n g l y  upon market demand and supply  i n  a d j a c e n t  marke ts  

o f  t h e  network.  

111.6 T r a n s p o r t a t i o n  Network Models w i t h  Connect ing T r a f f i c  P a t h s  

To t h i s  p o i n t ,  o n l y  s i n g l e  v e h i c l e ,  "through" service h a s  been o f f e r e d  

t o  any  marke t .  I n  t h i s  s e c t i o n ,  we expand t h e  model t o  a l l o w  a n  o p t i m a l  

s e l e c t i o n  of  e i t h e r  "through" o r  "connect ing" services. This i s  v i t a l l y  

i m p o r t a n t  i n  model ing b o t h  f r e i g h t  and p a s s e n g e r  t r a n s p o r t a t i o n  sys tems,  

p a r t i c u l a r l y  i n  lower d e n s i t y  marke ts  where t h e  "economies o f  l o a d  s i z e "  

are s t r o n g e r .  

disembark a t  s t a t i o n s  a l o n g  t h e  r o u t e  i n  o r d e r  t o  t r a n s f e r  o n t o  a n o t h e r  

v e h i c l e  r o u t e .  

Here, v e h i c l e s  can be loaded  w i t h  f u r t h e r  demands which 

We d e f i n e  a s e t ,  P o f  c o n n e c t i n g  t r a f f i c  p a t h s ,  p ,  a v a i l a b l e  t o  t h e  

marke t  m. These p a t h s  are  made up of  p o r t i o n s  o f  e x i s t i n g  v e h i c l e  r o u t e s ,  

r, and s p e c i f y  i n t e r m e d i a t e  c o n n e c t i n g  p o i n t s .  Now t h e  demand i n  a given  

market  may f o l l o w  a r o u t e  r o r  a p a t h  p ,  s o  t h a t  w e  r e d e f i n e  l o c a l  market 

m' 
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demand as: 

D =  1 D + Z  D 
P E P  mp m m r  r E R  

E, m 

where D i s  t h a t  p o r t i o n  of  D which e l e c t s  t o  follow t h e  c o n n e c t i n g  
m;, m 

p a t h ,  P .  

But now t h e  " t r a f f i c "  i n  t h i s  market c o n s i s t s  of  t h e  above " l o c a l "  

demand, p l u s  t h e  ' ' connect ing" demand which i s  b e i n g  r o u t e d  through t h i s  

marke t .  

p as d e f i n e d  by t h e  c o n n e c t i n g  p o i n t s ,  t h e n  t h e  "connect ing" t r a f f i c  i n  

market  m 

I f  we d e f i n e  M t o  b e  t h e  s e t  of "connect ing" marke ts  f o r  a p a t h ,  
P 

DC = C C D  m nP m E M  p 
P 

where D 

t o t a l  t r a f f i c  i s  t h e  sum of t h e  l o c a l  and c o n n e c t i n g  t r a f f i c  and must be 

r o u t e d  as above; 

i s  t h e  demand from market n which f o l l o w s  p a t h ,  p .  Thus, t h e  
nP 

D + D C =  C D + C D 
r E Rm p E: Pm mp m m m r  

As b e f o r e ,  t h e  demand a s s i g n e d  t o  a r o u t e ,  D i s  s u b j e c t  t o  c a p a c i t y  

c o n s t r a i n t s  t o  e n s u r e  t h a t  t r a f f i c  l o a d s  on any l i n k  are  less t h a n  t h e  

v e h i c l e  c a p a c i t y  s u p p l i e d .  

t o  a p a t h ,  D 

kets  and t h e i r  r o u t e s .  

m r '  

On t h e  o t h e r  hand, t h i s  demand can b e  a s s i g n e d  

, whence i t  w i l l  a p p e a r  as c o n n e c t i n g  demands i n  o t h e r  mar- 
mP 

There w i l l  be  c o s t s  a s s o c i a t e d  w i t h  h a n d l i n g  c o n n e c t i n g  t r a f f i c .  S i n c e  

we have s p e c i f i c a l l y  i d e n t i f i e d  t h i s  c o n n e c t i n g  t r a f f i c  by t h e  v a r i a b l e s ,  

D 

D 

i t  i s  s i m p l e  t o  i n c l u d e  connec t ing  c o s t s .  As w e l l ,  w e  can sum t h e  
mp' 

v a l u e s  t o  o b t a i n  t h e  t o t a l  c o n n e c t i n g  t r a f f i c  f o r  each  s t a t i o n ;  
Illp 
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T h i s  t r a f f i c  can be added t o  t h e  s t a t i o n  c a p a c i t y  c o n s t r a i n t s ,  o r  become 

p a r t  of t h e  c o n s t r a i n t s  which compute s t a t i o n  c o n g e s t i o n  c o s t s  as s t a t i o n  

t r a f f i c  i n c r e a s e s .  We d e n o t e  t h e  c o s t s  of h a n d l i n g  a c o n n e c t i n g  u n i t  of 

demand a t  s t a t i o n  k by C k '  

The l o c a l  market  demand P may s t i l l  be e x p r e s s e d  as a f u n c t i o n  of m 
market p r i c e  Y , assuming t h e  p r i c e  independent  of t h e  r o u t e  or p a t h  used .  m 

A l t e r n a t i v e l y  t h e  c o n n e c t i n g  demand D may respond t o  t h e  t r i p  t i m e  
mP 

i n  a manner ana logous  t o  t h e  d i r e c t  demand-time r e l a t i o n s h i p s  g i v e n  i n  

s e c t i o n  111.5.  I n  t h i s  c a s e  t h e  t r i p  t i m e  i s  t h e  sum of t h e  t r i p  t i m e s  

on t h e  two segments making up t h e  c o n n e c t i n g  p a t h .  The sum of d i r e c t  and 

c o n n e c t i n g  demand must a l s o  be s u b j e c t e d  t o  a lilqit, Dm, s o  t h a t  t h e  

market  i s  n o t  doubly s t i m u l a t e d  by b o t h  s e r v i c e s :  

m r  D > I D  + c D  
mp r m -  

P 

As w i t h  d i r e c t  demands w e  f i n d  o u r s e l v e s  unable  t o  i n c l u d e  i n  our 

mathematics  a model i n  which b o t h  p r i c e  and t r a v e l  t i m e  change s i m u l t a n e -  

o u s l y .  We must a g a i n  r e l y  upon t h e  d i s a g g r e g a t e d  f o r m u l a t i o n .  

111 .7  T r a n s p o r t a t i o n  Network Models - Summary 

A complete  s t a t e m e n t  of t h e  network model  i s  g i v e n  i n  F i g u r e  111-7. 

While t h e s e  mathemat ica l  r e l a t i o n s h i p s  may seem complex, t h e y  are s t r a i g h t  

forward  t o  implement and solve u s i n g  c u r r e n t  mathemat ica l  programming 

computer codes .  The model becomes a computer t o o l  where g i v e n  t h e  r e q u i r e d  

i n p u t  i n f o r m a t i o n  on network r o u t i n g s ,  o p e r a t i n g  c o s t s ,  market demands, 
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c a p a c i t i e s  of  v e h i c l e s  and s t a t i o n s ,  we can q u i c k l y  and e a s i l y  o b t a i n  

an o p t i m a l  p a t t e r n  of service f o r  t h e  f i r m .  We a r e  now i n  a p o s i t i o n  

t o  s t u d y  t h e  p r o f i t  maximizing b e h a v i o r  of a t r a n s p o r t a t i o n  f i rmaopera-  

t i n g  o v e r  a network of marke ts  under a v a r i e t y  of p o s s i b l e  r e g u l a t o r y  

, p o l i c i e s .  

I n  t h e  p r e s e n t  s t u d i e s ,  we  w i l l  be e x e r c i s i n g  t h e s e  models on t h e  

domest ic  a i r l i n e  i n d u s t r y ,  b o t h  a t  t h e  l e v e l  o f  t h e  i n d i v i d u a l  f i r m ,  and 

t h e  l e v e l  of a c o m p e t i t i v e  i n d u s t r y .  Today's i n t e r e s t  i n  economic regu-  

l a t i o n  of t h e  domest ic  a i r l i n e  i n d u s t r y  a s s u r e s  u s  of a n  i n t e r e s t e d  

a u d i e n c e .  For a i r l i n e  s t u d i e s ,  t h e r e  i s  an  adequate  d a t a  b a s e  on market  

demand and market  s h a r e  f u n c t i o n s ,  and on v e h i c l e  and s t a t i o n  o p e r a t i n g  

c o s t s  t o  p r o v i d e  model i n p u t s  f o r  which we have some degree  of c o n f i d e n c e .  

The n e x t  two c h a p t e r s  d e s c r i b e  some i n i t i a l  a p p l i c a t i o n s  of  t h e s e  

models t o  c u r r e n t  p o l i c y  i s s u e s  i n  t h e  economic r e g u l a t i o n  o f  domest ic  

a i r l i n e  t r a n s p o r t a t i o n .  They are p r e l i m i n a r y  i n  n a t u r e ,  and o n l y  a n  

overview i s  g i v e n  h e r e .  F u r t h e r  r e p o r t s  on t h e s e  s t u d i e s  w i l l  b e  i s s u e d  

l a t e r .  
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Figure  111-7 The  Complete Xetwork Model- 

1) Objec t ive  Funct ion  - maximize p r o f i t  ( o p e r a t i n g  income) 

Maximize PROFIT = C RE!' - (1 C C * F i- Cm Dm + 1 Ck * DCk)  m v r  v r  m v r  m k 

2 )  Demand R e l a t i o n s h i p s  

a )  Market Demand may be se rved  on a r o u t e  p a t h  

D + C  C D  = C D  + c D  f o r  marke t s ,  m 
m r  mP np r & R  m PEP, 

m m&M p 
P 

b )  Market Demand can be a f u n c t i o n  of market  p r i c e  

i D = Do + C d i - y m  f o r  a l l  m a r k e t s ,  m 
m m m i 

i REV, = f r i  ym 
i m 

c )  Market Demand can  be a f u n c t i o n  of  t r i p  t i m e  

D E D : - .  m m  * T  m 

I n  t h i s  c a s e  revenues  a r e  c a l c u l a t e d  a t  f i x e d  p r i c e  

R E V  = C Y  D m m m  m 

d )  T r i p  t ime depends on t o t a l  market  f requency  

i i  
m m i m  T = T " - C t  f 

i 

where t o t a l  f requency  F i s  m 

v r  I F  i 

V 
Wmr F = I f  = 

m m i rER m 

e) There are o t h e r  r e l a t e d  demand c o n s t r a i n t s  n o t  shown h e r e .  
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Figure  111-7 con t inued  

3) Suyply R e l a t i o n s h i p s  

a )  Veh ic l e  Capac i ty  m u s t  no t  be exceeded 

C S ' F  > 1 D f o r  a l l  l i n k s  of any r o u t e  (!L,r) 
EM mr E r  

v vr  - 
V 

b) S t a t i o n  Capac i ty  must n o t  be exceeded 

i) for v e h i c l e s ,  

FLk C C F < FU f o r  any s t a t i o n  k v r  - k - 
r E \  v 

ii) f o r  demand u n i t s  

D + D C k =  C ( D  + C I D  ) < D L J k  
mEM p *' - m 

mEYI( P 
k 

c )  Veh ic l e  A v a i l a b i l i t y  must n o t  be exceeded 

f o r  a l l  marke t s ,  v 
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. I  

Iv. A i r l i n e  P o l i c y  Ana lys i s  a t  t h e  I n d u s t r y  Level- A Preview 

I V . l  I n t r o d u c t i o n  

1; t h e s e  s t u d i e s  w e  a t t e m p t  t o  a n a l y z e  network e f f e c t s  w i t h i n  t h e  c o n t e x t  

of t h e  domest ic  a i r  t r a n s p o r t a t i o n  i n d u s t r y .  We choose t h i s  a r e n a  f o r  t h r e e  

r e a s o n s  : 

(1) Passenger  a i r  t r a n s p o r t a t i o n  consumes a l a r g e  number o f  d o l l a r s  f o r  

small amounts of  t r a f f i c  movement. Thus i t  is  impor t an t .  

( 2 )  Contemporary economet r i c  models o f  i n d u s t r y  behav io r  have f a i l e d  t o  

demons t r a t e  e i t h e r  joint c o s t s  o r  e C O n O m i e 6  of  scale although bo th  are 

t o  be  s u s p e c t e d .  

( 3 )  Data e x i s t s  on h i s t o r i c a l  c o s t s ,  demand, and leve ls  o f  service for air  
t r a n s p o r t a t i o n .  

The t a s k  w e  have s e t  i s  t h i s :  g iven  a network of  major c i t y  p a i r  m a r k e t s ,  

g iven  t h e  demand f u n c t i o n  i n  t h e s e  marke t s ,  g iven  t h e  c o s t s  o f  t h e  v e h i c l e s  avai- 

l a b l e  f o r  u s e ,  and g iven  t h e  r o u t e s  o v e r  which they  may be used ,  can  w e  p r e d i c t  

t h i s  i n d u s t r y ' s  behav io r  i n  terms of  s c h e d u l i n g  s e r v i c e s  

Do w e  f i n d  i n d i c a t i o n s  of s i g n i f i c a n t  changes i n  t h a t  behav io r  under  a l t e r n a t i v e  

forms o f  o p e r a t i o n ?  

among t h e  c i t i e s ?  

I n  t h i s  c h a p t e r  w e  e x p l o r e  t h e s e  q u e s t i o n s  u s i n g  the l a r g e s t  marke ts  f o r  a i r  

t ravel  i n  t h e  U.S. as o u r  test  case. 
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IT?. 2 . \ i r l i n e  Opera t ing  Costs  

This  s e c t i o n  d i s c u s s e -  t he  s i ~ p l i f i e d  c o s t i n g  methods used t o  p r o v i d e  i n p u t s  

t o  t h e  nerwork model. We a r e  f o r t u n a t e  i n  t h a t  o p e r a t i n g  c o s t s  and a s s o c i a t e d  

o p e r a t i n g  a c t i v i t y  measures a r e  r e p o r t e d  by t h e  a i r l i n e s  each  y e a r .  

t h i s  we deduce the  c o s t s  p e r  v e h i c l e  h o u r ,  b o a r d i n g ,  e t c .  A i r l i n e  o p e r a t i n g  

From 

c o s t s  were d i v i d e d  i n t o  f i v e  c a t e g o r i e s  each  o f  which i s  t r e a t e d  s e p a r a t e l y  below.  

a )  A i r c r a f t  Opera t ing  Cos ts  

A i r c r a f t  o p e r a t i n g  c o s t s  comprise  abou t  60 p e r c e n t  o f  a i r l i n e  expenses .  

The manufac tu r ing  indus t r ? .  d e s i g n s  and s e l l s  t r a n s p o r t  a i r c r a f t  on t h e  b a s i s  

Of o p e r a t i n g  c o s t / b l o c k  hour  formulae which r e f l e c t  on i n t r i n s i c  p h y s i c a l  r e l a t i o n -  

s h i p s  o f  speed ,  s t r u c t u r a l ,  and p r o p u l s i o n  e f f i c i e n c i e s .  These formulae  s u g g e s t  

t h a t  t r a n s p o r t  a i r c r a f t  c o s t s / b l o c k  hour  shou ld  be l i n e a r  w i t h  c a p a c i t y  f o r  a i r c r a f t  

O f  i d e n t i c a l  d e s i g n  range  and speed ,  s e a t i n g  d e n s i t y ,  and t e c h n i c a l  advancement.  

Where a n  a i r c r a f t  f a l l s  s h o r t  o f  t h i s  performance f r o n t i e r ,  i t s  purchase  p r i c e  

on t h e  used a i r c r a f t  market  i s  reduced u n t i l  t h e  o p e r a t i n g  c o s t s  f a l l  i n t o  l i n e .  

Reported a i r l i n e  o p e r a t i n g  c o s t s ,  shown i n  t a b l e  I V - 1 ,  ag ree  w i t h  t h i s  l i n e a r  

p r e d i c t i o n .  F igu re  I V - 1  compares t h e  a i r c r a f t  t y p e s  i n  s e r v i c e  i n  1973,  making 

c o r r e c t i o n s  f o r  s e a t i n g  d e n s i t y  and c r u i s e  speed ,  b u t  n o t  f o r  d i f f e r e n t  d e s i g n  

r a n g e s .  

c o s t s  i n  t h e s e  i n d u s t r y  s t u d i e s .  

2 

The r e s u l t i n g  s t r a i g h t  l i n e  h a s  been used t o  r e p r e s e n t  a i r c r a f t  o p e r a t i n g  

Thus a rev iew o f  a i r c r a f t  o p e r a t i n g  c o s t s  s u g g e s t s  t h a t  w i t h i n  t h e  r ange  o f  

c a p a c i t i e s  i n d i c a t e d  i n  F i g u r e  IV-1, t h e  c o s t s  are l i n e a r l y  dependent  on v e h i c l e  

c a p a c i t y .  T o a f i r s t  o r d e r ,  a i r c r a f t  c o s t s  are n o t  dependent  on f i rm  o r  f l e e t  s i z e .  
3 

See Simpson (1972) 
2 

See, i n  a d d i t i o n ,  Douglas and Miller (1974) and Air Transport A s s o c i a t i o n  (1967) .  
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( 1 )  Reported domestic industry average d i r e c t  operating costs  l e s s  

depreciat ion and  r e n t a l s .  1973 da ta .  See C A B ,  ___- Airc ra f tOpera t inp  

~ Cost .- a n d  Performance Report, -- Vol. IX (1975).  

( 2 )  Based on average payload in  domestic operat ions,  with 7 .5  s ea t s  

per ton .  

( 3 )  Cruise speed based on regression analysis  o f  a i r l i n e  time t ab le s .  

See Sercer (1973) .  

( 4 )  Based on market pr ices  f o r  Jan.  1973, see Swan (1976) .  Depreciation 

i s  based on a 15 year 4% mortgage in  constant do l ldrs  a n d  3000 b1GC.k 

hours per year.  

( 5 )  Cost in c r u i s e .  According t o  b l o c k  time regression,  Sercer ( 1 9 7 5 ) ,  

a departure  consunies rouqhly the saiiie time as 100 miles o f  c ru i se .  
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F I G U R E  I V - 1 :  A I R C R A F T  OPERATING COSTS 

SOURCE:  1973  CAB IhTDUSTRY DATA 

( S E E  TABLE IV-1) 
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For t h e  purpose o f  t h e s e  s t u d i e s  we w i l l  a l l o w  t h e  a i r l i n e  t o  use a i r c r a f t  

w i t h  c a p a c i t i e s  from 80 t o  400  s e a t s  and c o s t s  f a l l i n g  a l o n g  t h e  l i n e  i n  F i g u r e  

IV-1. 

b)  Passenger  S e r v i c e  C o s t s  

F l i g h t  A t t e n d a n t s  a r e  r e q u i r e d  on a i r c r a f t  f o r  s a f e t y  r e a s o n :  The 

number r e q u i r e d  i s  p r o p o r t i o n a l  t o  t h e  p a s s e n g e r  l o a d .  A t t e n d a n t s  are p a i d  

by t h e  d u t y  hour  s o  t h a t  t h e i r  t o t a l  c o s t s  should  be d i r e c t l y  p r o p o r t i o n a l  t o  

passenger  h o u r s .  U n f o r t u n a t e l y ,  o n l y  revenue passenger  m i l e s  are r e p o r t e d  . We 

can compute t h e  a v e r a g e  c o s t  o f  p a s s e n g e r  service as $.0073 p e r  revenue  p a s s e n g e r  

m i l e  i n  1973.  T h i s a g r e e s y v i t h  t h e  r e s u l t s  of  p r i o r  r e g r e s s i o n  a n a l y s e s  f o r  

p a s s e n g e r  s e r v i c e  c o s t s  when t h e  f i g u r e s  are r e s t a t e d  i n  1973 d o l l a r s .  

a c o r r e c t i o n  can be made f o r  d u t y  time on t h e  ground, r e d u c i n g  t h e  c o s t  p e r  

p a s s e n g e r  mile and a d d i n g  a c o s t  p e r  b o a r d i n g .  

service c o s t s  i s  $.005 p e r  revenue  p a s s e n g e r  m i l e  + $2.00 p e r  p a s s e n g e r  b o a r d i n g .  

T h i s  a g r e e s  w i t h  f i g u r e s  o b t a i n e d  by r e g r e s s i o n  by Swan (1976) .  This  formula 

produces  t h e  c o r r e c t  t o t a l  a t  a v e r a g e  t r i p  l e n g t h s ,  and i s  r e a s o n a b l e  a t  b o t h  

t r a n s c o n t i n e n t a l  and s h o r t  h a u l  t r i p  l e n g t h s .  

4 

5 However, 

The new estimate o f  p a s s e n g e r  

c) T r a f f i c  S e r v i c i n g  Cos ts  

The c o s t s  o f  a i r c r a f t  ground h a n d l i n g  and o f  passenger  b o a r d i n g  and bag- 

gage h a n d l i n g  are r e p o r t e d  under  t h i s  account .  

f a i l e d  t o  i n d i c a t e  t h e  l o g i c a l  dependence of  t h i s  c o s t s  o f  number of  a i r c r a f t  

d e p a r t u r e s  and p a s s e n g e r  b o a r d i n g s .  Longer t r i p s  c o r r e l a t e  w i t h  h e a v i e r  

baggage l o a d s ,  l o n g e r  g a t e  occupancy times, and g r e a t e r  f u e l i n g  and c l e a n i n g  

e f f o r t s  f o r  t h e  a i r c r a f t  d e p a r t u r e .  T h e r e f o r e ,  some c o r r e l a t i o n  of  t h i s  c o s t  w i t h  

P r e v i o u s  r e g r e s s i o n  a n a l y s e s  have 

6 

See Simpson and Taneja  (1967).  

See ,  f o r  example, Simpson and Taneja  (1967) and Douglas A i r c r a f t  Company (1975) .  

5 

6 
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revenue passenge r  miles i s  no t  un reasonab le .  But a l a c k  of any dependence o f  

boa rd ings  and d e p a r t u r e s  i s  s u s p e c t .  A r e g r e s s i o n  a n a l y s i s  o f  domest ic  t r u n k  

a i r l i n e s ’  annual  e x p e n d i t u r e s  i n  t h i s  c a t e g o r y  f o r  t h e  y e a r s  1970-1974 w a s  made 

u s i n g  1973 d o l l a r s .  Annual passenger  b o a r d i n g s ,  a i r c r a f t  d e p a r t u r e s ,  and revenue 

passenge r  miles (WN) were t h e  independent  v a r i a b l e s .  Because o f  c o l l i n e a r i t y  

among t h e  v a r i a b l e s ,  t h e  i n c l u s i o n  of  boa rd ings  and d e p a r t u r e s  i n c r e a s e d  t h e  

s t a n d a r d  e r r o r  o f  t h e  p r e d i c t i o n  of  t o t a l  expenses .  None the le s s ,  t h e  coef -  

f i c i e n t s  produced were o f  t h e  r i g h t  s i g n  and o f  r e a s o n a b l e  magni tudes .  The 

r e s u l t i n g  c o s t  p r e d i c t i o n  was $3 .20/board ing  + $59 /depa r tu re  + $O.O08/RPM. 

7 

d )  Promotion and S a l e s  Cos t s  

A t r a v e l  a g e n t  f e e  o f  7 p e r c e n t  of  t h e  t i c k e t  p r i c e  r e p r e s e n t s  much o f  

t h e  c o s t  r e p o r t e d  i n  t h i s  ca t egory .  A d v e r t i s i n g ,  r e s e r v a t i o n  c o s t s ,  and t h e  

c o s t  of c r e d i t  c a r d s  and bad cheques are a l s o  l a r g e l y  p r o p o r t i o n a l  t o  sales.  

The i n d u s t r y  ave rage  f o r  t h i s  c o s t  is 1 2  p e r c e n t  of  r evenues .  P r e v i o u s  

r e g r e s i o n s  approximate  t h i s  s imple  rule f o r  t h e  t i c k e t  p r i c e s  c u r r e n t  ‘a t  t h a t  time. 8 

e) General  and A d m i n i s t r a t i v e  

Overhead c o s t s  a v e r a g e  5.5 p e r c e n t  of a l l  c o s t s  o t h e r  t h a n  d e p r e c a t i o n  

9 f o r  t h i s  i n d u s t r y .  Regres s ion  a n a l y s i s  of i n d u s t r y  d a t a  d e t e c t s  no economies 

of f i r m  s i z e  and s u p p o r t s  t h i s  f i g u r e .  

See Swan (1976) 

See Simpson and Taneja  (1967) and Douglas A i r c r a f t  Company (1975) .  8 

Douglas A i r c r a f t  Company (1975).  
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f )  Summary 

The a s s o c i a t i o n  o f  a i r l i n e  e x p e n d i t u r e  w i t h  i n t e r m e d i a t e  o u t p u t s  such  

as b lock  h o u r s ,  d e p a r t u r e s ,  p a s s e n g e r  m i l e s ,  and b o a r d i n g s  i s  p o s s i b l e  and 

o v e r  c u r r e n t  r a n g e s  o f  a i r l i n e  s c a l e  t h e s e  c o s t s  appear  r e a s o n a b l y  c o n s t a n t .  

It  i s  impor tan t  t o  remember w e  have n o t  determined t h e  c o s t  f u n c t i o n  

f o r  t r a n s p o r t a t i o n  s e r v i c e s .  We have merely e s t a b l i s h e d  t h e  c o s t s  of t h e  i n t e r -  

media te  t r a n s p o r t a t i o n  c a p a b i l i t i e s  which are i n p u t s  t o  t h e  t r a n s p o r t a t i o n  sche- 

d u l i n g  p r o c e s s .  

I V . 3  Demand i n  A i r l i n e  Markets 

This s e c t i o n  d i s c u s s e s  t h e  second major i n p u t  t o  network m o d e l l i n g ,  t h e  

demand f u n c t i o n s .  The m o d e l l i n g  o f  demand i n v o l v e s  o v e r  h a l f  o f  t h e  formal  mathe- 

m a t i c s  o f  t h e  model because t h e  v a r i a t i o n o f d e m a n d  w i t h  t h e  convenience  and 

p r i c e  of t h e  service o f f e r e d  by t h e  f i r m  is  t h e  e s s e n t i a l  b e h a v i o r  t o  be c a p t u r e d .  

Demand i n  a c i t y  p a i r  market responds  t o  p r i c e  and t o  t ravel  t i m e .  Demand 

a l s o  responds  t o  l o a d  f a c t o r ,  l eve l  of  comfor t ,  and t h e  p r i c e  and t ravel  time 

i n  o t h e r  marke ts .  

demand depends on i t s  own p r i c e  and t rave l  t i m e .  

But f o r  t h e  moment w e  s imply assume t h a t  e a c h  c i t y  p a i r  

The t o t a l  t rave l  demand is  d i v i d e d  i n t o  b u s i n e s s  demand and p l e a s u r e  demand. 

The b u s i n e s s  demand t r a v e l s  a t  f i x e d  f a r e ,  b u t  i t s  volume v a r i e s  w i t h  t h e  level  

of service i n  terms o f  t r a v e l  t i m e  o r  f requency  i n  each  market .  

demand varies w i t h  t h e  f a r e  l eve l  and does n o t  respond t o  f requency  o f  service.  

P l e a s u r e  

W e  assume t h e  a i r l i n e  can d i s t i n g u i s h  p l e a s u r e  demand prom b u s i n e s s  demand and 

c h a r g e  t h e  p l e a s u r e  demand a d i f f e r e n t  f a r e .  

mined on a market  by market b a s i s  as  p a r t  o f  t h e  network d e c i s i o n s  made by t h e  f i m  

The f a r e  f o r  p l e a s u r e  demand i s  d e t e r -  
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FIGURE I V - 2 :  DEMAND-PRICE RELATIONSHIP 

DEMAND IN A SPECIFIC C I T Y  PAIR 

MARKET FOR A SPECIFIC CLASS OF SERVICE 

Y PRICE PER UNIT OF DEW'D 
m 
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a )  Demand-Price R e l a t i o n s h i p  (The "Pleasure"  Market)  

F igu re  IV-2 i l l u s t r a t e s  a downward s l o p i n g  cu rve  which,  a t  l e a s t  

ove r  i t s  c e n t r a l  r e g i o n ,  i s  supposed t o  d e s c r i b e  t h e  p l e a s u r e  demand-price 

r e l a t i o n s h i p  of  a s i n g l e  c i t y  p a i r  marke t .  The managements of t r a n s p o r t a t i o n  f i rms  

f a c e  one such  curve  f o r  each  market  they  serve. F o r t h e p u r p o s e s  o f  o u r  deve lop-  

ment i t  does o t  mat ter  whether  t h e  c u r v e  r e p r e s e n t s  c o m p e t i t i o n  w i t h  a n o t h e r  air-  

l i n e ,  w i t h  o t h e r  t r a v e l  modes, o r  w i t h  t h e  consumer 's  d o l l a r  f o r  o t h e r  goods.  

Usua l ly  a combina t ion  of t h e s e  f a c t o r s  de t e rmines  t h e  market  p r i c e  e l a s t i c i t y .  

Such a c u r v e  i s  c o n s t r u c t e d  f o r  each  market  from a knowledge o f  c u r r e n t  

p r i c e  and demand combined w i t h  a n  estimate of  the  demand e l a s t i c i t y  of  t h e  marke t .  

I n  t h e  absence  of knowledge a b o u t  t h e  c u r v a t u r e ,  a s t r a i g h t  l i n e  demand c u r v e  i s  

t a k e n  as a good approximat ion  o f  t h e  comple te  cu rve .  The shape  is d e r i v e d  from 

t h e  estimate o f  p r i c e  e l a s t i c i t y :  

0 

s Y  m m m m D = D  + d  

0 

F i g u r e  IV-3(A) i l l u s t r a t e s  t h a t  

s l o p e  of t h e  demand-price c u r v e . y  i s  t h e  p r i c e  f o r  market  m. For t h i s  demand cu rve  

t h e  revenue c u r v e  is  a pa rabo la .  

i s  t h e  demand a t  z e r o  f a r e  and dm t h e  n e g a t i v e  
m 

m 
F i g u r e  I V - 3 ( B )  approximates  t h i s  s h a p e  by a 

ser ies  of l i n e  s e v e n t s .  

In  F i g u r e  IV-3(B) w e  have broken t h e  p r i c e  Y i n t o  a series o f  bounded sub- 
m 

4 ' 2  
m Ym 'rn m , and y . Each segment h a s  a s l o p e  measured i n  revenue  segments  yL, 

d o l l a r s  change p e r  p r i c e  d o l l a r  change.  This g i v e s  us a revenue  e q u a t i o n  f o r  each  

marke t  which i s  . 
1 1 2 2 3 3  4 4  
m REV, = I: y, + rm Y,+ rm Ym + f m  Y m  

. .. 
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FIGURE I V - 3 :  DEMAND AKD PRICE-REVENUE RELATIONSHIPS 

m 
D 

DEMAKD 

qEYAKD-PRICE RELATIONSHIP 

I 0 

B 

REVENUE 

='m 

EVENUE-PRICE RELATIONSHIP 

--HISTORICAL POINT 

2 r 

1 
'm 

y- PRICE 



38 

I f  i t  had t h e  a b i l i t y  t o  d i s c r i m i n a t e  w i t h  r e s p e c t  t o  p r i c e  between b u s i n e s s  

and p l e a s u r e  t r a v e l l e r s ,  an a i r l i n e  would f a c e  two such demand-price c u r v e s  i n  each 

market .  We a r e  going t o  model t h i s  s i t u a t i o n .  The curve  i l l u s t r a t e d  i n  F i g u r e  

I V - 3  might w e l l  be a p p r o p r i a t e  f o r  t h e  p l e a s u r e  p a s s e n g e r .  The p r i c e  e l a s t i c i t y  

a t  t h e  h i s t o r i c a l  f a r e  i s  n e a r  - 2 . 0 .  From t h e  h i s t o r i c a l  p o i n t ,  t h e  a i r l i n e  

would lower i t s  p r i c e s  t o  i n c r e a s e  i t s  revenues  from t h i s  market .  For t h e  

o t h e r  h a l f  o f  t h e  market ,  t h e  b u s i n e s s  t r a v e l l e r ,  a p r i c e  e l a s t i c i t y  o f  -0.5 

would be more a p p r o p r i a t e .  This  produces t h e  demand-price curve  and t h e  revenue  

p r i c e  c u r v e  of  F i g u r e  IV-4 .  

I n  F i g u r e  I V - 4 ( B )  t h e  h i s t o r i c a l  p r i c e  is below t h e  maximum revenue p r i c e .  

In  o u r  model a p r o f i t  s e e k i n g  a i r l i n e  would ra i se  i t s  p r i c e  a t  l eas t  t o  t h i s  

maximum revenue  p o i n t .  I f  i n  rea l  l i f e  a n  a i l r i n e  h a s  f a i l e d  t o  ra ise  p r i c e s  t o  

t h i s  p o i n t ,  i t  i s  p o s s i b l e  t o - a r g u e  t h a t  r e g u l a t i o n  i s  c o n s t r a i n i n g  t h e  a i r l i n e ' s  

p r i c i n g  b e h a v i o r .  

This i s  indeed  what i s  done. A i r l i n e  r e g u l a t i o n  does l i m i t  f a r e  i n c r e a s e s .  

I n  p r a c t i c e  t h e  C i v i l  A e r o n a u t i c s  Board (CAB)sets maximum f a r e s .  With f i x e d  

fares a p p l y i n g  t o  what we have ca l led  t h e  b u s i n e s s  segment o f  t h e  a i r l i n e  

marke t ,  t h e  a i r l i n e s  must c o n s i d e r  t h e  n e x t  most i m p o r t a n t  i n f l u e n c e  on b u s i n e s s ,  

t ravel  demand, - t ravel  time. 

b) Demand-Time R e l a t i o n s h i p  ( The Bus iness  Market ) 

I n  t h i s  s e c t i o n  w e  model t h e  s i t u a t i o n  f a c i n g  an a i r l i n e  which i s  

c o n s t r a i n e d  t o  c h a r g e  a f i x e d  f a r e  f o r  i t s  service.  It can compete w i t h  o t h e r  

a i r l i n e s  and o t h e r  goods f o r  t h e  consumer 's  d o l l a r ,  b u t  t h e  c o m p e t i t i o n  can o n l y  

be i n  t h e  l eve l  of  service. An i m p o r t a n t  a s p e c t  o f  t h i s  l eve l  of service is  t h e  

,time, s n d  t h e  p e r c e i v e d  t o t a l  t rave l  t i m e  i s  i n f l u e n c e d  by t h e  s c h e d u l e ' s  
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This  d e l a y  rests p r i m a r i l y  on t h e  number of a i r c r a f t  d e p a r t u r e s ,  t h a t  i s  t h e  

frequency o f  s e r v i c e .  This  i s  t h e  dependence we wish t o  model. 

I n  t h e  absence  of any o t h e r  i n f o r m a t i o n  w e  may assume demand a t  f i x e d  

f a r e s  f a l l  o f f  w i t h  i n c r e a s i n g  t ravel  t i m e  as i l l u s t r a t e d  i n  F i g u r e  IV-5(A) 

Once a g a i n  we h a v e a l i n e a r  r e l a t i o n s h i p :  

0 

D = Dm + a T f o r  each  market m. m m m  

The t rave l  t i m e  T m u l t i p l i e d  b y  t h e  n e g a t i v e  s l o p e  a d i l u t e s  t he  demand f r o m  

i t s  maximum v a l u e  D . m 

m m 
0 

I n  t h i s  case w e  are  f o r t u n a t e  t h a t  w e  may use  a l i n e a r  demand c u r v e .  A 

c u r v e  concave upward cannot  be p u t  i n t o  o u r  l i n e a r  program. This w a s  n o t  t h e  

case f o r  t h e  price-demand c u r v e  i n  t h e  p r e v i o u s  s e c t i o n ,  a l t h o u g h  t h e r e  a re  l i m i t a -  

t i o n s  set  by t h e  c o n v e x i t y  of t h e  revenue c u r v e .  

S i n c e  a l l  a i r l i n e  o p e r a t e  a t  n e a r l y  t h e  saute speed ,  most changes i n  t o t a l  

t r a v e l  t i m e  come from changes i n  s c h e d u l e  d e l a y .  Schedule  d e l a y , i s  t h e  

a v e r a g e  amount o f  t ime w a s t e d  because  f l i g h t s  do n o t  leave when t h e  demand i s  

ready .  A p r a c t i c a l  estimate of  t h i s  number i s  4/Fm , where F i s  t h e  n o n s t o p  

11 d a i l y  f requency  o f  service j n  t h e  c i t y  p a i r  market  or i t s  e q u i v a l e n t .  

m 

F i g u r e  IV-5(B) i l l . u s t r s t e s  t h i s  r e l a t i o n s h i p  between market  f requency  o f  

s e r v i c e  F and t o t a l  t ravel  t i m e  T : m m 

0 1 1  2 2  3 3  T = T + t  f + t  f + t  f m  m m r n ~  m m  m 

l1 See Simpson and Neuve-Eglise (1968) and Swan (1973). 
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The t o t a l  f requency o f  s e r v i c e  F h a s  been d i v i d e d  i n t o  bounded segments 
m 

3 f 2  , f and segment f 4  
fm 9 m m m 

. This  f requency  m u s t  a l s o  be noted  as t h e  sum of 

t h e  f r e q u e n c i e s  of  each a i r c r a f t  r o u t e  F c o v e r i n g  t h a t  market:  v r  

m r & R m  v r r  

c )  A i r l i n e ,  Market c o m p e t i t i o n  i n  Demand Model l ing  

The network s c h e d u l i n g  p r o c e s s  f o r  a n  i n d i v i d u a l  a i r l i n e  o r  t h e  

t o t a l  i n d u s t r y  i s  modelled t h e  same way whether  t h e  marke ts  a r e  c o m p e t i t i v e  

o r  n o t ,  i . e .  t h e  mathemat ica l  formulae are  t h e  same. What changes a r e  t h e  

shapes  of t h e  demand c u r v e s  f o r  e a c h  market  as p e r c e i v e d  by t h e  f i r m  o r  i n d u s t r y .  

I n  o r d e r  t o  d e s c r i b e  t h e  shape  o f  t h e  i n d u s t r y  demand c u r v e  i n  an  o l i g o p o l i s t i c  

market i t  i s  n e c e s s a r y  t o  make some assumpt ions  about  t h e  behavior  of t h e  com- 

p e t i n g  a i r i n e s .  

I n  t h i s  work, f o r  t h e  f a r e - s e n s i t i v e  p l e a s u r e  t r a v e l l e r s  t h e  assumpt ion  

w a s  t h a t  t h e  m o n o p o l i s t i c  demand curve  could  b e  used .  S i n c e  w e  are  m o d e l l i n g  

t h e  sum o f  t h e  b e h a v i o r  of  several  a i r l i n e s  o v e r  a network,  t h i s  assumption 

i m p l i e d  a l l  a i r l i n e s  a g r e e d  t o  c h a r g e  t h e  f a r e  which maximized t o t a l  i n d u s t r y  

p r o f i t s .  We i n t e n d  t o  r e l a x  t h e s e  assumpt ions  n o t  by a l t e r i n g  t h e  demand c u r v e  

b u t  by changes i n  t h e  o b j e c t i v e  f u n c t i o n ;  b u t  t h i s  i s  work f o r  a l a t e r  d a t e .  

For t h e  f r e q u e n c y - s e n s i t i v e  b u s i n e s s  t r a v e l l e r s  a s p e c i f i c  form of com- 

p e t i t i v e  s c h e d u l i n g  b e h a v i o r  w a s  assumed. 

marke ts  we l e a r n  t h a t  a c e r t a i n  amount of head t o  head s c h e d u l i n g  o f  f l i g h t s  

o c c u r s  between competing a i r l i n e s . "  

i n d u s t r y  f requency  o f  service s ince  some services 

s c h e d u l e  d e l a y .  A u s e f u l  approximat ion  o f  t h e  amount o f  d i l u t i o n  w a s  found t o  

b e  

From o b s e r v a t i o n s  of  c o m p e t i t i v e  

T h i s  h a s  t h e  e f f e c t  of " d i l u t i n g "  t h e  o w s e r v e  

are w i t h o u t  v a l u e  i n  r e d u c i n g  

- 1  v = [ ( l / M s a x  - I.)/Z) + 1.01 m 

l2 See Swan (1976) .  
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This  formula i m p l i e s  t h a t  t h e  a i r l i n e  w i t h  t h e  l a r g e s t  market  s h a r e  (MS) does  

s c h e d u l e  r e a s o n a b l y ,  b u t  h a l f  t h e  f l i g h t s  added  by o t h e r  c o m p e t i t o r s  a r e  

head t o  head d e p a r t u r e s .  The f u n c t i o n  i s  n u m e r i c a l l y  s i m i l a r  t o  

max. m 

which i s  easier  t o  t h i n k  o f .  

The f a c t o r  V may be i n t e r p r e t e d  as t h e  average  number of  a i r c r a f t  depar-  
m 

t u r e s  p e r  s c h e d u l e d  d e p a r t u r e  t i m e .  The f a c t o r  V d i l u t e s  t h e  v a l u e s  o f  service 

i n  t h e  e q u a t i o n  which r e l a t e s  t h e  f requency  on each  r o u t e  F t o  t h e  s e r v i c e  i n  

each market F : 

m 

vr  . 
m 

r c R  n 

These a d j u s t m e n t s  are  s p e c u l a t i v e .  l3 They c u r r e n t l y  r e p r e s e n t  o n l y  t h e  

This  i s  u n f o r t u n a t e  because  b e s t  a v a i l a b l e  guess  a t  t h e  t r u e  c o r r e c t i o n  f a c t o r s .  

t h e s e  a d j u s t m e n t s  have a s i g n i f i c a n t  i n f l u e n c e  on t h e  shape  o f  t h e  t ime-f re -  

quency c u r v e  and t h u s  t h e  market demand f o r  t h e  i n d u s t r y  level  models.  Furthermore 

i t  i s  through m a n i p u l a t i o n  o f  t h e  i n d e x  of head t o  head s c h e d u l i n g  t h a t  we r e p r e -  

s e n t  t h e  s i t u a t i o n  f a c i n g  a market .  We must remember t h e  q u a l i t y  of  o u r  i n p u t s  

when t h e  t i m e  comes t o  d i s c u s s  t h e  v a l i d i t y  o f  o u r  o u t p u t s .  

d )  C a l i b r a t i n g  t h e  Demand Models 
* J _  

A t  t h e  s t a r t  of t h i s  e f f o r t  i t  was hoped t h a t s u r v e y  d a t a  provided  

by United A i r l i n e s  on demand by t r i p  purpose and f a r e  by market  would b e  a v a i l a b l e  

l3 Research n e a r l y  compete on t h i s  p o i n t  h a s  confirmed t h e  r e l a t i o n s h i p  w i t h  com- 
p e l l i n g  s t a t i s t i c a l  ev idence .  See Dennis M a t h a i s e l  a t  M.I.T. FTL. 
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t o  o b t a i n  t h e  f r a c t i o n s  o f  b u s i n e s s  and p l e a s u r e  t r a v e l l e r s  i n  each  c i t y  p a i r .  

While t h i s  d a t a  i s  s t i l l  a n t i c i p a t e d  , t h e  p r e s e n t  work was guided by sys t em 

ave rages  which were immediately a v a i l a b l e .  

Thus it was concluded t h a t  f o r  58 p e r c e n t  of t h e  pas senge r s  i n  each  market 

t h e  purpose  o f  t h e  t r i p  w a s  b u s i n e s s  o r i e n t e d .  The remain ing  4 2  p e r c e n t  o f  t h e  

pas senge r s  were c l a s s i f i e d  as p l e a s u r e  p a s s e n g e r s .  The bus iness  p a s s e n g e r s  were 

c l a s s i f i e d  as f requency  s e n s i t i v e  w i t h  time e l a s t i c i t y  - 2 . 1 .  P l e a s u r e  p a s s e n g e r s  

w e r e  t i m e  s e n s i t i v e .  This produced an  o v e r a l l  market  t i m e  e l a s t i c i t y  o f  -1 .25,  

which r e c e n t  s t u d i e s  of US domest ic  market  have p r e d i c t e d  . 1 4  

The p l e a s u r e  p a s s e n g e r s  were c l a s s i f i e d  as p u r e l y  f a r e  s e n s i t i v e  w i t h  

For t h e  purpose of h i s t o r i c a l  c a l i -  f a r e  e l a s t i c i t y  -2.0,  a r e a s o n a b l e  guess .  

b r a t i o n  t h e  r a t i o  o f  b u s i n e s s  f a r e  t o  p l e a s u r e  f a r e  was 1.164.  

O v e r a l l  y i e l d  ( r a t i o  o f  t o t a l  revenues  t o  t o u r i s t  f a r e s )  w a s  92 p e r c e n t .  

1 5  

1974 annua l  pas senge r  f lows  were t a k e n  from CAB, O r i g i n - D e s t i n a t i o n  

Survey o f  A i r l i n e  Passenge r  T r a f f i c ,  Vol. VII-4 (1975) .  The co r re spond ing  h i s t o r i -  

c a l  f a r e s  and f r e q u e n c i e s  were t aken  from t h e  O f f i c i a l  A i r l i n e  Guide (May , 1974) .  

Thus w i t h  h i s t o r i c a l  f a r e ,  p a s s e n g e r s ,  and f r e q u e n c i e s  i n  each  marke t ,  

and w i t h  systemwide r u l e s  f o r  d e t e r m i n i n g  e l a s t i c i t y  and market  s p l i t s  between 

b u s i n e s s  and p l e a s u r e ,  i t  was p o s s i b l e  a t o  create a f requency  s e n s i t i v e  demand 

and a f a r e  s e n s i t i v e  demand f o r  each  marke t .  

I V .  4 The Network Modelled 

The s c e n a r i o  w e  w i sh  t o  create is  t h i s :  we want t o  c o n s i d e r  a l l  9 1  c i t y  

p a i r s  among t h e  14  l a r g e s t  c e n t e r s  f o r  a i r  t ravel .  The c i t i e s  invo lved  are 

l4 
See  E r i k s e n ,  S c a l e a ,  Taneja  (1976) .  

This i s  based on systemwide d a t a  from Uni ted  A i r l i n e s .  
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l i s t e d  i n  Table  I V - 2 .  A s  d i s c u s s e d  above, w e  w i l l  c o n s i d e r  two marke ts  

i n  each c i t y  p a i r :  one ,  c a l l e d  b u s i n e s s  t r a v e l l e r s ,  i s  s e n s i t i v e  t o  f requency  of 

service a t  f i x e d  f a r e s .  The o t h e r ,  c a l l e d  p l e a s u r e  t r a v e l l e r s ,  i s  s e n s i t i v e  

t o  f a r e .  We c a i i b r a t e  our  e f f o r t s  a g a i n s t  f a r e s ,  f r e q u e n c i e s  , and p a s s e n g e r s  

exper ienced  i n  1 9 7 4 .  

By choos ing  t h e  d e n s e s t  marke ts  i n  t h e  US we emphasize t h e  j o i n t n e s s  of 

s i m u l t a n e o u s  c a r r i a g e  of  t h e  b u s i n e s s  and p l e a s u r e  marke ts  and deemphasize t h e  

j o i n t  c o s t s  a s s o c i a t e d  w i t h  s p a t i a l l y  i n t e r c o n n e c t e d  marke ts  a l o n g  a r o u t e .  

This  o c c u r s  because  most s e r v i c e s  o f f e r e d  c u r r e n t l y  i n  t h e s e  marke ts  a re  n o n s t o p .  

A l s o ,  t h e  l a r g e r  marke ts  have t h e  g r e a t e s t  c o m p e t i t i o n ,  so  t h i s  a s p e c t  i s  

a l s o  i m p o r t a n t .  

We model t h e  combined b e h a v i o r  of  a l l  t h e  a i r l i n e s  involved  i n  t h e s e  

marke ts .  To do  t h i s  w e  assume c o m p e t i t i o n  w i t h  r e s p e c t  t o  f requency  of  se rv ice .  

That i s ,  each  a i r l i n e  knows a change i n  i t s  f requency  o f  service w i l l  p r o b a b l y  

b r i n g  f o r t h  a p r o p o r t i o n a l  change on t h e  p a r t  of i t s  c o m p e t i t o r s .  

We approach  t h i s  t o p  end of  t h e  a i r l i n e  market as much because  o f  i t s  

impor tance  i n  terms of t o t a l  d o l l a r s  as  i t s  i n t e r e s t  f o r  a t e c h n i c a l  s t u d y .  

IV.5 P r e l i m i n a r y  Conclus ions  and R e s u l t s  

A t o t a l  of seven  p r e l i m i n a r y  r u n s  have been made u s i n g  t h e  model and 

d a t a  d e s c r i b e d  above. These e x e r c i s e s  are n o t  i n t e n d e d  t o  be d e f i n i t i v e ,  b u t  

merely t o  provoke d i s c u s s i o n  and l a y  t h e  groundwork f o r  a more thorough set o f  

r u n s  t h i s  y e a r .  It i s  u s e f u l  t o  p r e s e n t  p r e l i m i n a r y  r e s u l t s  w i t h  t h e  model 

d e s c r i p t i o n  and assumpt ions  i n  o r d e r  t o  provoke comments. 

I n  t h e  s e c t i o n  below t h e  r u n s  are compared by t o p i c s .  

a )  C u r r e n t  A i r l i n e  Discount ing  Appears Near t h e  I n d u s t r y  Prof  -_-I_ I t  Oyt-.:imtrm - Ij - 

For  t h i s  s t u d y ,  two l inear  p r o g r a m i n g  solutfons t o  t h e  network problem 
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I 

o f  t h e  9 1  c i t y  p a i r s  were run .  Tn t h e  f i r s t  t h e  f a r e  f o r  p l e a s u r e  t r a v e l l e r s  

w a s  f i x e d  a t  t h e  h i s t o r i c a l  va lue ,  which was n e a r  90  p e r c e n t  of  t h e  b u s i n e s s  

I 

y i e l d .  I n  t h e  second t h e  i n d u s t r y  w a s  a l lowed t o  s e t  f a r e s  i n  t h e  p l e a s u r e  

marke ts  i n  o r d e r  t o  maximize t h e  j o i n t  p r o f i t s .  I n  b o t h  c a s e s  t h e  i n d u s t r y  

could  vary  t h e  f r e q u e n c y i n e a c h  market  t o  change t h e  l e v e l  of s e r v i c e  f o r  t h e  

b u s i n e s s  demand. 

The r e s u l t s  f o r  t h e  f a r e  v a r y i n g  s i t u a t i o n  were v e r y  c l o s e  t o  t h o s e  

w i t h  t h e  p l e a s u r e  f a r e  f i x e d .  A modest  increase ( 5  p e r c e n t )  i n  t h e  f a r e  o c c u r r e d  

i n  most marke ts .  This  produced a modest d e c r e a s e  i n  t ravel .  But t h e  d i f f e r e n c e s  

w e r e  w i t h i n  t h e  i n a c c u r a c i e s  of t h e  assumpt ions .  

The c o n c l u s i o n s  t o  be reached  are two: f i r s t ,  e x i s t i n g  d i s c o u n t  fare  

schemes appear  t o  b e  r e a s o n a b l y  n e a r  p r o f i t  o p t i m u m  f o r  t h e  p l e a s u r e  m a r k e t s ;  

and s e c o n d l y ,  among t h e  major  c i t y  p a i r  marke ts ,  t h e r e  are few m a r k e t s  where 

m a r g i n a l  p a s s e n g e r  c o s t s  are e i t h e r  s o  h i g h  o r  s o  low as t o  produce a l a r g e  

d e v i a t i o n  from t h e  norm. What t h i s  means is  t h a t  t h e  maximum v e h i c l e  s i z e  w a s  

seldom t o o  s m a l l ,  and t h e r e  were few low l o a d  f a c t o r  services flown i n  t h e  network 

c o n s i d e r e d .  

The c o n c l u s i o n  t h a t  d i s c o u n t  f a r e s  are  n e a r  p r o f i t  optimums i n  t h e  

p l e a s u r e  market  rests on two key assumpt ions .  The f i r s t  is t h a t  f a r e  elas- 

t i c i t y  i n  t h a t  market  is n e a r  -2 ,  and t h e  second is  t h a t  l o a d  f a c t o r s  o f  65 per-  

c e n t  are r e a s o n a b l e  f o r  d i s c o u n t  t rave l .  It i s  p o s s i b l e  t o  imagine a i r  t ravel  

p e n e t r a t i o n  i n t o  lower c o s t ,  lower  q u a l i t y  of service marke ts .  A f u l l  c h a r t e r  

s t y l e  o p e r a t i o n  would have somewhat lower c o s t s ,  h i g h e r  l o a d  f a c t o r s  s t i l l ,  and 

v e r y  p o s s i b l y  would d e a l  i n  a demand market  o f  d i f f e r e n t  e l a s t i c i t y .  

b) J o i n t  C o s t s  and Network E f f e c t s  are  S i g n i f i c a n t  

The network c o n s i d e r e d  i n c l u d e d  a l l  91  c i t y  p a i r s  p o s s i b l e  among 
I 
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t h e  13  l a r g e s t  hubs i n  t h e  count ry .  A s  a consequence a l l  9 1  c i t y  p a i r s  involved 

s i g n i f i c a n t  amounts of passenger  t r a f f i c .  I n  f a c t ,  94 p e r c e n t  of  t h e  passengers  

t r a v e l l e d  nons top ,  compared t o  about  2 1 3  nat ionwide .  N e v e r t h e l e s s  t h e  combining 

of  s e r v i c e s  o n t o  m u l t i s t o p  f l i g h t s  was a s i g n i f i c a n t  p a r t  o f  t h e  i n d u s t r i e s '  

b e h a v i o r .  

E i g h t  o u t  o f  9 1  b u s i n e s s  marke ts  were n o t  s e r v e d  i n  t h e  model a t  a n y t h i n g  

Two were n e g l e c t e d  l i k e  t h e  a c t u a l  levels-- a l l  because of  network e f f e c t s .  

because of t h e  l a c k  o f  a d d i t o n a l  t r a f f i c  w h i c h i n r e a l  l i f e  f e e d s  from p o i n t s  

o u t s i d e  t h e  p o s t u l a t e d  network.  Three were n e g l e c t e d  because t h e  r o u t i n g  h i s t o r i -  

c a l l y  used w a s  i n a d v e r t e n t l y  l e f t  o u t  of t h e  r o u t e  o p t i o n s  ( a l t h o u g h  o t h e r  seemingly 

u s e f u l  m u l t i s t o p  r o u t e s  were a v a i l a b l e ) .  And t h r e e  more were n e g l e c t e d  because 

t h e  m u l t i s t o p  s e r v i c e s  dominat ing  t h o s e  markets  involved  c i t i e s  n o t  i n  t h e  l i s t  of  

13. 

Furthermore when o n l y  nons top  services were a l lowed i n  e a c h  marke t ,  a 

t o t a l  of 1 6  more c i t y  p a i r  marke ts  were served a t  v e r y  low (or z e r o )  l eve ls  

compared t o  b o t h  a c t u a l  p r a c t i c e  and t h e  f u l l  network o f  r o u t e s .  T h i s  i s  espe-  

c i a l l y  notewor thy  s i n c e  w e  a r e  d e a l i n g  w i t h  a l i s t  of f a i r l y  l a r g e  marke t s .  

With o n l y  nons top  r o u t i n g s  a v a i l a b l e ,  t h e  p r o f i t  optimum f o r  p l e a s u r e  

fares w a s  no l o n g e r  below t h e  b u s i n e s s  y i e l d ,  b u t  r a t h e r  p l e a s u r e  f a r e s  were 

g e n e r a l l y  a t  t h e  e x i s t i n g  b u s i n e s s  y i e l d s .  Both a i r l i n e  p r o f i t s  and t o t a l  pas- 

16 s e n g e r  u s e  f e l l  by 20 p e r c e n t .  
I - -  

c )  Monopoly S e r v i c e s  Cost Less and- Carry More 

Competi t ion i n  t h i s  model w a s  r e f l e c t e d  i n  t h e  amount of  head t o  head 

s c h e d u l i n g  o f  d e p a r t u r e s  which o c c u r s  i n  each market .  As d i s c u s s e d  i n  t h e  s e c t i o n  

16 
A weighted  sum of  b u s i n e s s  and p l e a s u r e  miles and board ings .  
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on demand model l ing  t h e  i n d e x  of c o m p e t i t i v e  s c h e d u l i n g  w a s  c o n s e r v a t i v e l y  chosen. 

N e v e r t h e l e s s  e l i m i n a t i o n  of t h i s  w a s t e f u l  s c h e d u l i n g  al lowed a mre convenient  

s c h e d u l e  t o  be c o n s t r u c t e d  w i t h  e q u a l  o r  fewer  f l i g h t s .  Larger  a i r c r a f t  could  be 

used a t  s a v i n g s  i n  c o s t .  The r e s u l t  was a 1 4  p e r c e n t  i n c r e a s e  i n  p r o f i t s ,  a 9 

p e r c e n t  i n c r e a s e  i n  b u s i n e s s  t r a v e l ,  and a minor s c a t t e r i n g  of  ra ises  i n  p l e a s u r e  

f a r e s .  

We must r e c a l l  t h a t  t h e  assumed c o m p e t i t i v e  s c h e d u l i n g  behavior  w a s  

t h a t  a i r l i n e s  expec ted  t h e i r  a d d i t i o n a l  f l i g h t  services t o  be matched by 

t h e i r  c o m p e t i t o r s  t o  t h e  same d e g r e e  as t h e  e x i s t i n g  services were matched. 

Also, b u s i n e s s  fares w e r e  regulated i n  b o t h  t h e  c o m p e t i t i v e  and non-competi t ive 

cases. 

d )  Economies o f  S c a l e  a re  S i g n i f i c a n t  

Two cases o f  monopoly services a t  r e g u l a t e d  b u s i n e s s  f a r e s  were 

compared. I n  t h e  f i r s t  demands were as expec ted  f o r  1 9 7 4 ,  t h e  normal case .  

I n  t h e  second a l l  demand c u r v e s  were i n c r e a s e d  i n  demand by 20 p e r c e n t .  There 

w a s  a r e s u l t i n g  i n c r e a s e  i n  t ravel  and i n  c o s t s .  

u s e  which w a s  a weigted sum of b u s i n e s s  and p l e a s u r e  board ings  and miles. 

This index  grew faster  t h a n  t h e  i n c r e a s e  i n  c o s t .  The r a t i o  o f  t h e  p e r c e n t a g e  

changes w a s  .94,  imply ing  a c o s t  i n c r e a s e  of  below 1 9  p e r c e n t  f o r  a t ravel  i n c r e a s e  

of above 20 p e r c e n t .  

We used an  i n d e x  o f  t ravel  

The o b s e r v a t i o n  t h a t  m a r g i n a l  c o s t s  are 6 p e r c e n t  below average c o s t s  

a p p l i e s  o n l y  f o r  t h i s  h i g h  d e n s i t y  network. P r e v i o u s  work by Swan (1976) s u g g e s t s  

lower re la t ive  m a r g i n a l  c o s t s  f o r  networks of  l o w  d e n s i t y  service. 

e )  Summary o f  R e s u l t s  

P r e s e n t i n g  t h e  o u t p u t  of a network s t u d y  i s  d i f f i c u l t  because t o t a l  

\ .. 
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a c t i v i t y  f i g u r e s  may n o t  r e v e a l  t h e  d e t a i l e d  b e h a v i o r .  Nonethe less  a l i s t  

of measured o u t p u t s  i s  provided i n  Table  I V - 3  . Some o f  t h e  measures s e l e c t e d  

may have s i g n i f i c a n c e .  

IV.6 F u t u r e  Work 

Work i s  underway a t  p r e s e n t  t o  ex tend  t h i s  model l ing  p r o c e s s  t o  a low 

d e n s i t y  network c h a r a c t e r i z e d  by f e e d e r  s e r v i c e s  and c o n n e c t i n g  p a s s e n g e r s .  

Once t h e  c o n n e c t i n g  a s p e c t  o f  network a n a l y s e s  h a s  been s u c e s s f u l l y  t a c k l e d  

f o r  t h e  a i r  t r a n s p o r t  case, t h e  model w i l l  b e  employed t o  s t u d y  ground mode 

problems.  

The s c e n a r i o  f o r  c o n n e c t i n g  passenger  s t u d i e s  has  been chosen as t h e  

a r e a  between S t .  Louis  and Chicago compr is ing  t h e  towns of S p r i n g f i e l d ,  

P e o r i a ,  Champaign, a n  Deca tur ,  I l l i n o i s .  A t  p r e s e n t  t h i s  r e g i o n  r e c e i v e s  some 

d i r e c t  services t o  Washington and New York. 

I V . 7  Glossary  

Competi t ion 

Competi t ion between carriers i s  i n c l u d e d  o n l y  by t h e  c o n s i d e r a t i o n s  o f  

head t o  head s c h e d u l i n g  of d e p a r t u r e s .  

service a t  t h e  r e p o r t e d  t o t a l  i n d u s t r y  f requency .  

This  r e d u c e s  t h e  e f f e c t i v e  l e v e l  of  

We assume a c o n s t a n t  d e g r e e  

of t h i s  o v e r l a p .  It a l s o  i m p l i e s  t h a t  e a c h  a i r l i n e  s c h e d u l e s  w i t h  t h e  knowledge 

t h a t  t h e  c o m p e t i t o r s  w i l l  respond w i t h  p r o p o r t i o n a l  changes i n  s e r v i c e .  

Connect ing Passenger  

The model employed does n o t  c o n s i d e r  p a s s e n g e r s  c o n n e c t i n g  by g e t t i n g  

F o r t u n a t e l y  t h e  l a r g e  marke ts  c o n s i d e r e d  a re  o f f  one f l i g h t  and o n t o  a n o t h e r .  

n o t  s e r v e d  by c o n n e c t i n g  service. 
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Demand Curves 

This  model employs dem.irld c u r v e s  which a r e  s t r a i g h t  l i n e s .  The normal 

( c o n s t a n t  e l a s t i c i t y )  demand formula used f o r  r e g r e s s i o n s  employs demand c u r v e s  

which are  s t r a i g h t  l i n e s  i n  l o g a r i t h m s .  This  produces c u r v e s  which l e n d  themselves  

t o  r e g r e s s i o n  a n a l y s i s ,  bu t  which have i n c o r r e c t  behavior  n e a r  t h e  a x e s .  Except  f o r  

t h i s  l i m i t i n g  b e h a v i o r ,  t h e r e  would seem t o  be no r e a s o n  t o  p r e f e r  one s h a p e  o v e r  

a n o t h e r .  Economic t r a d i t i o n  f a v o r s  s t r a i g h t  l i n e s  f o r  i l l u s t r a t i v e  c a s e s  and 

c o n s t a n t  e l a s t i c i t y  f o r  numer ica l  ones .  Because t h e  numerical  cases come second,  

t h e r e  may be a tendency t o  c o n s i d e r  t h e  curved shape more s o p h i s t i c a t e d .  

Demand E l a s t i c i t y  

Demand e l a s t i c i t y  i s  t a k e n  t o  de te rmine  t h e  s l o p e  o f  t h e  demand c u r v e  a t  

t h e  h i s t o r i c a l  p o i n t .  S i n c e  no knowledge of  t h e  c u r v a t u r e  e x i s t s ,  i t  is  assumed 

t o  be z e r o  i n  real s p a c e  ( t h a t  i s  s p a c e  n o t  t ransformed by l o g a r i t h m s ) .  

D e p r e c i a t i o n  

A i r l i n e  d e p r e c i a t i o n  f i g u r e s  are computed d i f f e r e n t l y  f o r  r e p o r t s  t o  (1) 

t h e  CAB, ( 2 )  t h e  IRS, and ( 3 )  t h e  SEC. For t h e  purposes  o f  t h i s  s t u d y  d e p r e c i a t i o n  

f i g u r e s  were r e p l a c e d  by a n  e s t i m a t e d l e a s e  c o s t  c o r r e s p o n d i n g  t o  a 15-year  4 p e r c e n t  

mortgage on t h e  marke t  p r i c e  of t h e  a i r c r a f t ,  ( 4  p e r c e n t  i s  t h e  c o n s t a n t  dollar 

c o s t  o f  c a p i t a l  and may b e  h i g h ) .  

P r o f i t s  

The model employed maximizes c o n t r i b u t i o n  t o  f i x e d  overheads .  Any f i x e d  

c o s t s  must b e  covered  b e f o r e  p r o f i t s  are accumulated.  Investment  i n  a i r c r a f t  i s  

covered under o p e r a t i n g  (nonf ixed)  c o s t s  i n c l u d i n g  a normal c o s t s  o f  c a p i t a l .  

A i r l i n e  f i r m s  p r o b a b l y  have s m a l l  f i x e d  c o s t s .  

.. . 
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Firm VS.  I n d u s t r y  

For  t h i s  work t h e  f i r m  i s  an a i r l i n e .  However, because we are model l ing  

t h e  behavior  o f  several  f i r m s  t o g e t h e r ,  w e  may be s a i d  t o  model t h e  i n d u s t r y  i n  

t o t a l .  Cost f i g u r e s  f o r  a i r c r a f t  b l o c k  h o u r s  a r e  t r e a t e d  as c o n s t a n t  under 

assumpt ions  of  f r e e  market a v a i l a b i l i t y  of  a i r c r a f t ,  l a b o r ,  and f u e l .  From an 

i n d u s t r y  v iewpoin t  t h e s e  assumpt ions  may be v i t i a t e d  u n l e s s  t h e r e  i s  a s u b s t a n t i a l  

world market f o r  t h e s e  commodities o r  a l t e r n a t i v e  domest ic  u s e s .  F o r t u n a t e l y  

t h e s e  c o n d i t i o n s  do o b t a i n .  

Load F a c t o r  

Load f a c t o r  i s  t h e  r a t i o  o f  passenger  m i l e s  t o  s e a t  miles. One a s p e c t  of 

t h e  q u a l i t y  of  a service i s  t h e  p r o b a b i l i t y  of b e i n g  a b l e  t o  g e t  a seat  on t h e  most 

c o n v e n i e n t  f l i g h t - t h e  h i g h e r  t h e  l o a d  f a c t o r ,  t h e  lower t h e  p r o b a b i l i t y .  Load 

f a c t o r  should  be de te rmined  on t h e  b a s i s  o f  t h e  m a r g i n a l  c o s t  of a seat and t h e  

v a l u e  of  t h a t  s e a t  i n c r e a t i n g h i g h e r  a v a i l a b i l i t y .  

The p r o b a b i l i t y  of  a s e a t  u n a v a i l a b i l i t y  d i s p l a y s  a s h a r p  i n c r e a s i n g  

rise a t  l o a d  f a c t o r s  i n  t h e  60 p e r c e n t  range .  The n a t u r e  of our network model 

a t  p r e s e n t  r e q u i r e s  t h a t  t h e  mximum p e r m i s s i b l e  l o a d  f a c t o r  be s e t  e x t e r n a l l y  

w i t h o u t  t h e  b e n e f i t  o f  t h e  t r a d e o f f  of  c o s t  and v a l u e  mentioned i n  t h e  p r e c e d i n g  

parhgraph .  

J u s t  below t h e  c o n g e s t i o n  p o i n t ,  a t  54 p e r c e n t  and just above t h e  c o n g e s t i o n  p o i n t ,  

a t  65 p e r c e n t  f o r  p l e a s u r e  t r a v e l .  

T h e r e f o r e  w e  chose t o  s e t  t h e  maximum p e r m i s s i b l e  l o a d  f a c t o r  f o r  b u s i n e s s  

Long Run C o s t s  

A i r l i n e s  have no v e r y  l o n g  run  c o s t s .  Inves tments  i n  a i r c r a f t  n o r m a l l y  

can  b e  undone by sales  i n  a used a i r c r a f t  worldwide market  w i t h i n  6 months t o  a y e a r .  
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P r i c e  D i s c r i m i n a t i o n  

This  e f f o r t  assumes t h a t  i t  i s  p o s s i b l e  t o  d i s c r i m i n a t e  between f a r e  

s e n s i t i v e - f r e q u e n c y  i n s e n s i t i v e  demands and f requency  s c n s i t i v e - f a r e  i n s e n s i t i v e  

demands by c h a n g i n g t h e  c o n d i t i o n s  o f  s e r v i c e  o f f e r e d .  S i n c e  t h e  s e r v i c e s  purchased 

are  d i f f e r e n t ,  t h e r e  i s  no l e g a l  p r i c e  d i s c r i m i n a t i o n  amongst t r a v e l l e r s .  

U t i l i z a t i o n  

U t i l i z a t i o n  i s  t h e  number o f  b l o c k  hours  of  a i r c r a f t  use  p e r  y e a r .  The 

two impor tan t  i n f l u e n c e s  are  s t a g e  l e n g t h  and s c h e d u l i n g  p r a c t i c e .  S c h e d u l e s  

d e s i g n e d  t o  service demand i n  t h e  e v e n i n g  and i n  t h e  midday slump can  i n c r e a s e  

u t i l i z a t i o n  by 10  p e r c e n t ,  see  Fromme and Swan (1976) .  However, f o r  o u r  

p u r p o s e s  a u t l i z a t i o n  of  3r100 h o u r s  a y e a r  w a s  assumed, w i t h o u t  a d j u s t m e n t  f o r  

s t a g e  l e n g t h  o r  of  off peak p l e a s u r e  l eve l .  T h i s  amounted t o  a n e g l e c t  of  a 1 

p e r c e n t  change i n  o p e r a t i n g  c o s t s .  
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V. A i r l i n e  P o l i c v  Ana lys i s  a t  t h e  Firm Level  - a Preview 

V . l  I n t r o d u c t i o n  

I n  o r d e r  t o  a p p l y  t h e  network models i n  a s c e n a r i o  c l o s e r  t o  t h e  

real  wor ld ,  we s e l e c t e d  a p a r t i c u l a r  t r u n k  a i r l i n e ,  C o n t i n e n t a l  A i r l i n  

f o r  f u r t h e r  s t u d y  of i t s  p o s s i b l e  b e h a v i o r  under  c o n d i t i o n s  of f r e e  e n t r y  

and e x i t  from U.S. domest ic  a i r l i n e  marke t s .  Various p o s s i b i l i t i e s  f o r  

changing  t h e  c o n d i t i o n s  of market e n t r y  have been s u g g e s t e d  by r e c e n t  

l e g i s l a t i v e  p r o p o s a l s .  

A i r l i n e  s y s t e m  as i t  e x i s t e d  i n  1974 w i t h  a g iven  f l e e t  of a i r c r a f t ,  o p e r a t -  

i n g  c o s t s ,  t r a f f i c  and market s h a r e  i n  i t s  p r e s e n t  o p e r a t i n g  a u t h o r i t y .  

t h e n  assume t h a t  o t h e r  a i r l i n e s  s t a y  w i t h i n  t h e i r  p r e s e n t  o p e r a t i n g  a u t h o r i -  

t i e s ,  and a l l o w  C o n t i n e n t a l  t o  c o n s i d e r  e n t r y  and e x i t  i n t o  v a r i o u s  s e t s  o f  

new m a r k e t s ,  or markets  which r e s t r i c t i o n s  t o  t h e i r  p r e s e n t  

p r e v e n t s  them from s e r v i n g .  Of c o u r s e  t h e  o t h e r  carr iers  w i l l  n o t  remain 

p a s s i v e ,  b u t  we can  s t u d y  where and t o  what e x t e n t  C o n t i n e n t a l  A i r l i n e s  

might  wish  t o  modi fy  i t s  r o u t e  s t r u c t u r e  i f  market e n t r y / e x i t  c o n s t r a i n t s  

d i d  n o t  e x i s t .  

s t u d i e s .  

The network model can be a p p l i e d  t o  t h e  C o n t i n e n t a l  

We 

r o u t e  a u t h o r i t y  

A s e p a r a t e  r e p o r t  w i l l  p r o v i d e  a complete  a n a l y s i s  of  t h e s e  

Here we w i l l  p rov ide  o n l y  a b r i e f  prev iew.  

V.2 Case Study o f  C o n t i n e n t a l  A i r l i n e s  

From 1974 CAB d a t a ,  i t  is p o s s i b l e  t o  o b t a i n  a complete  p i c t u r e  o f  

C o n t i n e n t a l  A i r l i n e s  t r a f f i c ,  o p e r a t i o n s ,  c o s t s ,  f a r e s  and r evenues ;  and 

i t s  a v a i l a b l e  f l e e t  and schedu le  service. 

h a s  an e x t e n s i v e  set  o f  r e s t r i c t i o n s ,  and w e  can g e t  t h e  p r e s e n t  s e t  o f  

r o u t i n g s  used  by C o n t i n e n t a l  from t:he O f f i c i a l  A i r l i n e  Guide. The f i r s t  

The p r e s e n t  o p e r a t i n g  a u t h o r i t y  
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e f f o r t s  were t h e n  p o i n t e d  toward o b t a i n i n g  a base case which r e p l i c a t e d  

t h e  p a t t e r n s  of s e r v i c e  and f i n a n c i a l  and o p e r a t i n g  r e s u l t s  f o r  Cont inenta l  

i n  1 9 7 4 .  The model r e s u l t s  gave s u c h  a r e p l i c a t i o n  w i t h  one e x c e p t i o n :  

t h e  l o a d s  on t h e  Hawaii marke ts  were q u i t e  low f o r  DC-10 a i r c r a f t ,  and 

t h e  model p r e f e r r e d  t o  use  t h e  smaller B-720B. We p r e v e n t e d  t h e  usage 

o f  t h i s  a i r c r a f t  on Hawaii r o u t e s ,  and o b t a i n e d  a reduced f requency  of 

DC-10 service.  The remainder  of  t h e  service p a t t e r n  saw a s e l e c t i o n  of 

a i r c r a f t  t y p e s  and f r e q u e n c i e s  v e r y  c l o s e  t o  t h e  a c t u a l  1 9 7 4  p a t t e r n s ,  and 

s i m i l a r  v a l u e s  f o r  sys tem r e v e n u e s ,  p a s s e n g e r s ,  p a s s e n g e r  m i l e s ,  e t c .  

A t  t h i s  p o i n t ,  i t  was n e c e s s a r y  t o  d i s c u s s  how t o  se lec t  new markets  

which C o n t i n e n t a l m i g h t  c o n s i d e r  f o r  e n t r y .  There were fa r  t o o  many p o s s i -  

b i l i t i e s .  It  w a s  d e c i d e d  t h a t  t h e  marke ts  s h o u l d  be o r g a n i z e d  around c i t i e s  

o r  a i r p o r t s ,  and t h a t  i n  e v e r y  case, t h e  r e s t r i c t i o n s  on p r e s e n t  o p e r a t i n g  

a u t h o r i t y  should  be removed. The new marke ts  were t h e n  o r g a n i z e d  i n t o  

smaller sets t h a t  r e l a t e d  t o  p o s s i b l e  c o r p o r a t e  s t r a t e g i e s  t o  f o c u s  on 

adding  m a r k e t s  f rom New York, Miami, Chicago ,Dal las -For t  Worth, and f i n a l l y  

a combina t ion  of  Los Angeles  and San F r a n c i s c o .  

some r e s u l t s  f o r  s t u d i e s  which f o c u s s e d  on New York. 

Here w e  s h a l l  p r e s e n t  

V . 3  F r e e  E n t r y  i n t o  New York Markets 

There were 17 new marke ts  s e l e c t e d  from p o i n t s  w i t h i n  t h e  C o n t i n e n t a l  

s y s t e m  t o  New York. Also  t h e r e  were 35 new marke ts  which arose from remov- 

i n g  o p e r a t i n g  a u t h o r i t y  r e s t r i c t i o n s .  These are l i s t e d  i n  Table  V-2.  A 

g l o s s a r y  o f  c i t y  codes i s  provided  i n  Table  V - 1 .  We assumed t h a t  i f  Con- 

t i n e n t a l  e n t e r e d  a new market  i t  became a n  e q u a l  c o m p e t i t o r  t o  t h e  e x i s t i n g  

a i r l i n e s ,  and based  i t s  s h a r e  of t r a f f i c  upon w e l l  known market-share-fre-  
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V-1. C o d e  Names for Stat ions  on Continental A ir l ines  R o u t e  Map, 1974 - ... . iabie 

CODE 

ABQ 
AMA 

AlrS 

BUR 

cos 
DEN 

DFW 

ELP 

H h Z  

I A H  

I C T  

I T 0  

IJFK 

LAW 

LAX 

L B B  

MAF 

MC I 
K I A  

MSY 

OKC 

ONT 

ORD 

PDX 

PHX 

SAT 

SEA 

S T A T 1  ON 

ALBUQUERQUE, Eu’. MCX.  S F O  SA!! FRANCISCO,  C A L I F .  

AMARILLO,  T E X .  SJC SAN JOSE, C A L I F .  

AUSTIh’ ,  TEX.  SPS W I C H I T A  FALLS, T E X .  

BURBAhT , C A L I F .  TUL TULSA,  OKLA. 

COLORADO S P R I N G S ,  COLO. TUS TUCSON,  A R I Z .  

DENVER, COLO . 
DALLAS-FORT WORTH, TEX.  

EL PASO,  T E X .  

HONOLULU, HAWAI I 

HOUSTON, T E X .  

W I C H I T A ,  KANS. 

H I L O ,  HAWAII  

NEW YORK C I T Y ,  NEW YORK 

LAWTON-FORT SILL,  OKLA. 

LOS L V G E L E S ,  C A L I F .  

LUBBOCK, TEX.  

M I  DLAND-ODE S S A ,  

KANSAS C I T Y ,  MO. 

M I A M I ,  FLA. 

NEW ORLEANS, LA. 

OKLAHOMA CITY, OKLA. 

ONTARIO,  CALIF. 

CHICAGO,  ILL.  

PORTLAND, OREG. 

P H O E N I X ,  A R I Z .  

SAN AVTONIO,  TEX. 

T E X  . 

SEATTLE-TACOMA, WASH. 

CODE S T A T I O N  

’JFK i s  added i n  accordance with the study.  Traff ic  data used i s  i n c l u s i v e  
of Kennedy, Neward and La Guardia Airports so that  JFK r e a l l y  represents  
New York City region.  
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Table  1’7-2 K e w  Markets f o r  C o n t i n e n t a l  A i r l i n e s ,  N e w  York C i t y  Case Study 

Group 1 ( 1 7  Markets from En t ry  i n t o  Pjew York) 2 

JFi; DLKA JFK MIA;: JFK SAT 
JFK DF”: JFK MSY* JFK SEA* 
JFK H X L  JFK O K C  JFK SFO* 
JFK IAlFi* JFK ORD* JFK TLJL 
JFK LAX* JFK PDX JFK TUS 
JFK M C I ”  JFK PHX* 

Group 2 (35 New Markets  

ORD DFh’ 
om IAH 
Om I C T  
ORD M C I  
ORD MSY 
ORD PH); 
ORD SAT 
om SEA 
Om SFO 
Om TUL 

nFw 
DFW 
DFW 
DFW 
DFG! 
DFW 
DFW 
DFW 
DFW 
DFW 

from Removal 

HNL 
I A H  
LAX 
M C I  
OK C 
PHX 
SAT 
S FO 
TUL 
TUS 

of  R e s t r i c t i o n s  from P r e s e n t  Au thor i ty )  

M C I  I C T  SFO “L 
M C I  OKC SFO LAX 
M C I  PHX SFO PHX 
M C I  SEA SFO SEA 
M C I  SFO 
hlCI TUL DEN PHX 

DEN S?o 
OKC LAX 
TUL LAC MSY SAT 

Markets  l a b e l l e d  w i t h  a n  a s t e r i s k  were i n c l u d e d  i n  t h e  s t u d y  b o t h  as a 
non-stop r o u t e  p o s s i b i l i t y  and as a l i n k  of  a m u l t i - s t o p  r o u t e ;  t h e s e  
marke t s  had d a i l y  demands i n  e x c e s s  o f  100 p a s s e n g e r s .  The r ema in ing  
marke t s  from b o t h  groups  were i n c l u d e d  on ly  as a l i n k  of a m u l t i - s t o p  
f l i g h t .  

A l l  Group 1 markets  were s e l e c t e d  based on a minimum d a i l y  demand o f  50 
p a s s e n g e r s .  The m u l t i - s t o p  r o u t e s  t h a t  i n c l u d e d  a Group 1 market  as a 
l i n k  were s e l e c t e d  from t h e  f l i g h t  i t i n e r a r i e s  ( a s  p u b l i s h e d  by t h e  Of- 
f i c i a l  A i r l i n e  Guide,  llay 1974)  o f  car r ie rs  s e r v i n g  t h a t  marke t .  T h i s  
r e s u l t e d  i n  t h e  i n c l u s i o n  of Group 2 marke ts .  Chicago,  Da l l a s -For t  Worth, 
and Kansas  C i t y  appea r  as major  e n t r y  p o i n t s  ( f rom N e w  York C i t y )  i n t o  
C o n t i n e n t a l ’ s  e x i s t i n g  r o u t e  s t r u c t u r e .  

2 
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quency s h a r e  r e l a t i o n s h i p s  f o r  t h e  i n d u s t r y .  The 1974 f requency  of service 

i n  such marke ts  by corcpe t i to rs  w a s  o b t a i n e d  from t h e  O f f i c i a l  A i r l i n e  

Guide. The market w a s  n o t  s p l i t  i n t o  b u s i n e s s  and p l e a s u r e  segments ,  and 

market p r i c e s  were c o n t r o l l e d  exogeneously.  

A s e r i e s  o f  f i v e  c a s e s  were r u n :  Case 1 i s  t h e  b a s e  case r e f e r r e d  t o  

p r e v i o u s l y ;  Case 2 a l lowed e n t r y  i n t o  t h e  new markets  mentioned above w h i l e  

m a i n t a i n i n g  normal f a r e  l e v e l s  and t h e  e x i s t i n g  1974 f l e e t  o f  a i r c r a f t ;  

Case 3 presumed t h a t  p r i c e  c o m p e t i t i o n  would o c c u r  i n  t h e s e  new markets  

and p r i c e s  would be reduced by 10% w h i l e  f a r e s  i n  o t h e r  marke ts  remained 

a t  normal l eve l s ;  Case 4 presumed t h a t  under  such c i r c u m s t a n c e s ,  C o n t i n e n t a l  

might a l s o  c o n s i d e r  a c q u i r i n g  new a i r c r a f t  whose o p e r a t i n g c o s t s w o u l d  now 

i n c l u d e  d e p r e c i a t i o n  and ownership c o s t s  ( t h e  B-720B w a s  n o t  made a v a i l a b l e  

s i n c e  i t  i s  o u t  of  p r o d u c t i o n ) ;  Case 5 t h e n  c o n s i d e r e d  t h a t  f u r t h e r  p r i c e  

c o m p e t i t i o n  would reduce  t h e  f a r e  levels  i n  t h e  new marke ts  by 20%. 

The r e s u l t s  i n  terms o f  market e n t r y  and e x i t  from t h e s e  cases are 

l i s t e d  i n  T a b l e s  V-3 through V-6. I n  g e n e r a l  terms, t h e  a i r l i n e  moved 

s t r o n g l y  i n t o  New York marke ts ,  and i n t o  a l l  l o n g e r  h a u l  markets. It aban- 

doned services which were m a r g i n a l l y  p r o f i t a b l e  i n  t h e  s h o r t  h a u l ,  low 

d e n s i t y  areas o f  i t s  sys tem in Texas and New Mexico. A complete  l i s t  of 

market  e n t r y  and e x i t  i s  provided  f o r ' e a c h  case. There were a l a r g e r  number 

of c u r r e n t  marke ts  which a l s o  r e c e i v e d  reduced s e r v i c e ,  p a r t i c u l a r l y  i n  

Cases 2 and 3 where t h e  f l e e t  was r e s t r i c t e d .  

A summary o f  sys tem d a t a  for  t h e s e  series o f  model r u n s  i s  p r e s e n t e d  

i n  Table  V - 7 .  I t  can  be s e e n  t h a t  t h e  e n t r y  i n t o  new marke ts  i n  Cases 2 

and 3 doubled t h e  a v e r a g e  a i r c r a f t  s t a g e  l e n g t h ,  and caused a 50% i n c r e a s e  

i n  p a s s e n g e r  t r i p  l e n g t h .  System revenues  g e n e r a t e d  by t h e  same f l e e t  of  
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T a b l e  V-3 Market Ent ry  and Ex i t -  Case 2 ,  N o r m a l  F a r e s ,  Cur ren t  F l e e t  6 

Group 1 Markets Abandoned ( 7 6  C u r r e n t  Markets)  

ALB 
ALB 
ALB 
ALB 
ALB 
ALB 
ALB 
ALB 
ALB 
ALB 

AMA 
AMA 
AMA 
A l a  
AMA 

BUR 
BUR 

cos 
DEN 
DEN 
DEN 
DEN 
DEN 
DEN 
DEN 
DEN 

cos 
DEN 
E L P  
IAH 
LBB 
MAF 
MC I 
OKC 
S A T  
TUL 

DFW 
ELP 
LAH 
LAX 
LAB 

ONT 
SJC 

MC I 

cos 
ELP 
HNL 
IAH 
I C T  
L B B  
MAF 
OKC 

DEN 
DEK 
DEK 
DEN 

ELP 
ELP 
ELP 
ELP 
E L P  
ELP 
ELP 

HNL 
HNL 

IAH 
IAH 
IAH 
IAH 
IAH 
IAH 
I A H  

I C T  
I C T  
I C T  
ICT 

LBB 

ONT 
PDX 
SAT 
T L I  

DFW 
LBB 
MAF 
MC I 
ORD 
S A T  
S FO 

ORD 
PDX 

LBB 
MAF 
M I A  
OKC 
PDX 
SFO 
TUL 

MSY 
OKC 
P D X  
SEA 

DFW 

Group 2 N e w  Narke t s  e n t e r e d  ( 

JFK DEN JFK S A T  
JFK DFW JFK S E A  
JFK HNL JFK SFO 
JFK IAH JFK TUL 
JFK LAX JFK TUS 
JFK M C I  
JFK M I A  ORD DFW 

I JFK MSY om IAH 
j JFK ORC ORD M C I  

I JFK PHX ORD PHX 
I JFK ORD ORD MSY 

LBB 
LBB 
LBB 
LBB 

MAF 
MAF 
MAF 
MAF 
MAF 
MAF 

M I A  
M I A  
MSA 
MSA 

OKC 
OKC 
OKC 
OKC 

ONT 
ONT 

S A T  
S A T  
S A T  

35 New Markets) 

LAX 
MAF 
OKC 
S A T  

AMA 
AU S 
DFW 
OKC 
PH x 
S A T  

PH X 
S A T  
S E A  
TUL 

LAW 
MSY 
P DX 
S E A  

ORD 
SJC 

LAX 
S FO 
TUS 

ORD S A T  
ORD S E A  
ORD SFO 

DFW IAH 
DFW LAX 
DFW M C I  
DFW PHX 
DFW SFO 
DFW TUS 

TUL P D X  
TLTL SEA 

M C I  P H X  
OKC LAX 
OKC TLJL 

DEN SFO 

P H X  SFO 
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T a b l e  V-4 

Group 1 

ALB 
AL3 
ALB 
ALB 
ALB 
ALB 

AMA 
AMA 
AMA 
AMA 

AUS 
AUS 
AUS 

BUR 
BUR 

cos 
I A H  
LBB 
MC I 
OKC 
SAT 

ELP 
IAH 
LAX 
LBB 

ELP 
IAH 
PHX 

ONT 
SJC 

Group 2 

J F K  
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 

DEN 
DFW 
m 
IAH 
LAX 
MC I 
M I A  
MSY 
ORD 
PHX 
SAT 
SEA 
S FO 
TUS 

Marke t  E n t r y  and  Exi t -  Case 3 ,  F a r e s  Reduced 1 0 % , C u r r e n t  F l e e t  

M a r k e t s  Abandoned ( 4 5  C u r r e n t  M a r k e t s )  

DEN 
DEN 

ELP 
ELP 
ELP 
ELP 
JXP 
ELP 
ELP 

LAH 
I A H  

I C T  

LBB 
SAT 

LBB 
MAF 
MC I 
ORD 
PH X 
S FO 
TUS 

LBB 
6 FO 

MSY 

I CT 
I C T  

LAX 

LBB 
LBB 
LBB 
LBB 

MAF 
MAF 
MAF 

M I A  
MSY 

OKC 
SEA 

TUS 

DFW 
LAX 
MAF 
OKC 

MlA 
AUS 
SAT 

SAT 
TUL 

New M a r k e t s  E n t e r e d  ( 26 New M a r k e t s )  

ORD 
ORD 
ORD 
ORD 

DFW 
DFW 
DFW 
DFW 

MC I 
MC I 

ICT M C I  SEA 
MC I 
SEA 
TUL MSY SAT 

IAH 
PHX 
S FO 
TUS 

ICT 
TUL 

OKC LAN 
OKC TUL 

ONT SJC 

SAT SFO 
SAT TUS 

TLJL SEA 
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T a b l e  V-5 K a r k e t  E n t r y  and  Ex i t -  Case 4 ,  F a r e s  Reduced l o % ,  E x p a n d e d  F l e e t  

Group  1 Marke t s  Abandoned ( 23 C u r r e n t  Markets) 

ALB 
ALB 

AhU 
AMA 
AMA 
AMA 

BUR 
BUR 

cos DEN LBB MAF 
OKC DEX S A T  MAF 

MAF 
ELP ELP MCI MAF 
IAH 
LAX IAII  LBB OKC 
LBB ONT 

I C T  MSY 
ONT I C T  OKC TUL 
S JC I C T  S E A  TUL 

Group 2 New M a r k e t s  E n t e r e d  ( 4 9  New M a r k e t s )  

JFK DEN 
JFK DF'V 
JFK "L 
JFK IAH 
JFK LAX 
JF'K MCI  
JFK M I A  
JFK MSY 
JFK OKC 
JFK ORD 
JFK PDX 
JFK PHX 
JKF S A T  
JKF SEA 

JFK SFO 
JFK TUL 
JFK TUS 

ORD DFW 
ORD IAH 
ORD I C T  
ORD MCI  
ORD MSY 
ORD P H X  
ORD SAT 
ORD SEA 
ORD SFO 

ORD 

D&' 
DFW 
DFW 
DFW 
DFW 
DFW 
DFW 
DFW 
DFW 

M C I  

APlA 
ACS 
LEE 
SAT 

LAW 
S J C  

MSY 
S EA 

TUL 

"L 
I A H  
LAX 
M C I  
OKC 
P H X  
S FO 
TUL 
TUS 

I C T  

M C I  PHX 
M C I  SEA 
MCI SFO 
MCI TUL 

OKC LAX 
TUL LAX 

SFO HNL 
SFO LAX 
SFO P H X  

DEN PHX 
DEN SFO 
MSY S A T  
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T a b l e  V-6 Marke t  E n t r y  and  Exi t  - Case 5, F a r e s  Reduced 20%, E q a n d e d  F l e e t  

Group 1 M a r k e t s  Abandoned (22  C u r r e n t  M a r k e t s )  I 

ALB COS 
ALB M C I  
ALB OKC 

AMA ELP 
AMA IAH 
A M A M  

ELP M C I  
ELP TUS 

IAH LBB 

ICT MSY 
ICT OKC 

MAF 
MAF 
MAF 

ONT 
SAT 
SEA 

BUR SJC L A W  OKC 
LAX TUS 

DEN LBB 
DEN SAT 

Group 2 New M a r k e t s  E n t e r e d  (38 New Markets) 

JFK 
J FK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 
JFK 

DEN 
DAJ 
HNL 
IAH 
LAX 
M C I  
M I A  
MSY 
OKC 
ORD 
PHX 
SAT 
SEA 
S FO 
TUL 
TUS 

ORD 
ORD 
ORD 
ORD 
ORD 
ORD 
ORD 
ORD 

DFW 
DFW 
DFW 
DFW 
DFW 

DFW 
I CT 
MC I 
MSY 
PHX 
SEA 
S FO 
TUL 

>IAH 
LAX 
PHX 
S FO 
TUS 

MCI 
M C I  
M C I  
MCI 

OK C 
TUL 

S FO 
S FO 

MSY 

AMA 
LBB 
SAT 

SJC 
TUS 
TUL 

ICT 
PHX 
SEA 
TUL 

LAX 
LAX 

DEN 
PHX 

SAT 
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Table  11-7 Svstem Data fo r -Con t inen ta l  - N e w  York Case S t u d i e s  

4 5 2 3 Case 1 

Base + New + F a r e s  + Expanded + F a r e s  
M a  r k e  t s x 0 . 9  F l e e t  x 0 . 8  

F l e e t  S i z e  
DC-10 10 

B727 30 

B720B 

DC- 9 

0 

7 

System Revenue/ 
Day ($1 418,130 

Con t r i bu t i o n  t 0 
Overhead ( $ )  129,200 

System P a s s e n g e r s /  
Day 13,284 

RPM/Dsy 1 3 . 7 ~ 1 0  6 

Average Aircraf t  
S t a g e  (Mi les )  7 35 

Average Pax. T r i p  
Length (Mi les )  1 , 0 3 3  

11 

30 

7 

7 

502,800 

182,400 

11 ,859  

1 7 . 5 ~ 1 0  
6 

1 ,329  

1 , 4 7 5  

11 

30 

7 

7 

479,200 

156,683 

11,559 

1 7 . 3 ~ 1 0  
6 

1,196 

1 , 4 9 3  

11 + 29 

30 + 57 

1 . 5  

7 

1 ,263,200 

423,407 

32,346 

5 1 . 2 ~ 1 0  
6 

1 ,029  

1 , 5 8 3  

11 + 16 

30 + 5 3  

1 

7 

994,634 

331,178 

31,415 

5 0 . 0 ~ 1 0  
6 

1 , 0 4 1  

1 ,592  
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a i r c r a f t  i n c r e a s e d  by 25% and p r o f i t  i n c r e a s e d  by roughly  t h e  same amount. 

The p a s s e n g e r s  boarded a c t u a l l y  dec reased  i n  t h e s e  two cases w h i l e  t h e  

revenue passenge r  miles i n c r e a s e d  by 25%. 

There was a r e a s o n a b l e  expans ion  of t h e  a i r l i n e  f l e e t  a n d  s y s t e m  

o p e r a t i o n s  i n  Cases 4 and 5 .  The sys tem a lmos t  t r i p l e s  i n  s c a l e  i n  eve ry  

s y s t e m  measure.  Now any m a r g i n a l l y  p r o f i t a b l e  market  w i l l  be r e t a i n e d .  

The model does  n o t  p i c k  up a l l  t h e  marke t s  of t h e  base  c a s e  s i n c e  t h e  new 

a i r c r a f t  purchased  have h i g h e r  o p e r a t i n g  c o s t s  which i n c l u d e  v e h i c l e  owner- 

s h i p  c o s t s .  These i n c r e a s e d  c o s t s  mean t h a t  marke ts  f lown by e x i s t i n g  

a i r c r a f t  are u n p r o f i t a b l e  t o  t h e  newly a c q u i r e d  a i r c r a f t .  

V.4  Summary 

Othe r  case s t u d i e s  will be c a r r i e d  o u t  f o r  o t h e r  se ts  of marke t s .  As 

can be s e e n  from t h e s e  r e s u l t s ,  t h e r e  i s  q u i t e  a d r a m a t i c  impact  o f  a l lowing  

f r e e  e n t r y  and e x i t  upon t h e  C o n t i n e n t a l  sys tem as i t  r a t i o n a l i z e s  i t s  

r o u t e  s t r u c t u r e  such  as t o  maximize i t s  p r o f i t a b i l i t y .  There a r e  many 

o t h e r  f a c t o r s  which p r e v e n t  any r e a l i s t i c  c o n c l u s i o n s  t o  be drawn from 

t h e  cases p r e s e n t e d .  For example, New York became a major  s t a t i o n  f o r  

C o n t i n e n t a l  and i t  i s  n o t  clear t h a t  t h e r e  i s  e x i s t i n g  a i r p o r t  c a p a c i t y  a t  

New York t o  accommodate t h i s  expans ion .  Also, t h e  assumpt ion  t h a t  o t h e r  

a i r l i n e s w o u l d  remain f i x e d  i s  n o t  r e a l i s t i c .  There would be y e t  o t h e r  

a i r l i n e s  t r y i n g  t o  e n t e r  t h e s e  new marke t s ,  and e n t e r i n g  some o f  t h e  l a r g e r  

marke t s  o f  t h e  c u r r e n t  C o n t i n e n t a l  sys tem.  I t  i s  d i f f i c u l t  to see any 

e q u i l i b r i u m  r e s u l t i n g  from such  u n r e s t r i c t e d  e n t r y  and e x i t  i n t o  major U.S. 

a i r l i n e  marke t s .  
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VI. Summary and Conclus ions  

I n  t h i s  r e p o r t  we have a t t empted  t o  e x p l a i n  why conven t iona l  

economic models a r e  not  adequa te  t o  d e s c r i b e  the  behav io r  of comrnan 

c a r r i e r  t r a n s p o r t a t i o n  f i r m s .  E s s e n t i a l l y ,  s imple  models f a i l  bo th  

because  of t h e  e x t r a  degree  of freedom i n  the  matching o f  supply  and 
* 

demand and because of t h e  c o s t  i n t e r r e l a t i o n s h i p s  of network o p e r a t i o n s .  

We have i n t r o d u c e d  a network model of a t r a n s p o r t a t i o n  f i r m ’ s  market  

d e c i s i o n s  which answers  t h e s e  two c r i t i c i s m s .  We have ske tched  p re -  

l i m i n a r y  e x e r c i s e s  of  t h i s  model. 

and j o i n t n e s s  i n  t h e  p r o d u c t i o n  of  d i f f e r e n t  t ypes  of s e r v i c e  were 

i l l u s t r a t e d .  A second e x e r c i s e  C o n t i n e n t a l  A i r l i n e s  d i s p l a y e d  a modest 

d i s c o n t i n u a n c e  of s e r v i c e  i n  some marke ts  accompanied by a who lesca l e  

expans ion  i n  o t h e r s  when r o u t e  a u t h o r i t i e s  were expanded and r e l a x e d .  

I n  ou r  e x e r c i s e  economies o f  s c a l e  

These developments i n  economic modeling a r e  of  a p r e l i m i n a r y  n a t u r e .  

We have ques t ioned  t h e  fundamenta ls  o f  ear l ier  t h i n k i n g  w i t h o u t  sub- 

s t a n t i a l l y  reworking t h e  c o n c l u s i o n s  which t h a t  t h i n k i n g  has  reached .  

N e v e r t h e l e s s  con t inued  p u r s u i t  of t h e s e  new d i r e c t i o n s  should  a t  l eas t  

p r e v e n t  t h e  r e p e t i t i o n  o f  t h e  mis t akes  of t h e  p a s t  and w i l l  lead toward 

a mre t r u t h f u l  p e r c e p t i o n  o f  t h e  t r a n s p o r t a t i o n  i n d u s t r i e s .  

* 
namely l o a d  f a c t o r  
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