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Abstract

Essays on Domestic and International Airline 
Economics with Some Bootstrap Applications

by  

Anthony Kenneth. Postert

W e present severa l essays on top ics in  a irlin e  econom ics. The firs t essay presents 

a m ode l o f U .S . a irc ra ft dem and. T h is  jo in t  m odel o f dem and fo r and supply o f 

com m e rc ia l a ir  se rv ice  a llo w  us to  s im u la te  the  effects o f em erging technologies in  

eng ine design c a p a b ilitie s  and in  a irc ra ft capacities on a irlin e  fleet sizes.

T h e  second essay exam ines the  p o s s ib ility  th a t re la tiv e ly  h igh prices in  the Euro­

pean a ir lin e  in d u s try  are due to  m arke t pow er. We exam ine the m a rke t conduct o f 

firm s  in  th e  E u ropean  a irlin e  in d u s try  and fin d  lit t le  evidence th a t co m p e titive  p ric in g  

is  v io la te d  on  average.

In  th e  th ir d  essay, we present an in te g ra te d  m odel o f w o rld  a irc ra ft demand. We 

es tim a te  th e  dem and fo r b o th  passenger and  cargo services and tie  th is  demand to  

cost ana lys is o f th e  ca rrie rs . O ur cost m o d e l is used to  generate derived dem and 

schedules fo r th e  fac to rs  o f p rodu c tion , in  p a rtic u la r fly in g  cap ita l.

W e ta ke  a b r ie f lo o k  a t boo ts trap  techniques in  th e  fo r th  essay. B o o ts trapp ing  has 

becom e a p o w e rfu l techn ique  fo r e s tim a tin g  sam pling  d is trib u tio n s  o f s ta tis tics  since 

its  in tro d u c tio n  b y  E fro n  (1979). We discuss th e  boo ts tra pp ing  procedure and present 

some s m a ll sam ple  evidence o f its  effectiveness th ro ugh  M onte  C arlo  experim ents.
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T h e  f if th  essay applies th e  boo tstrap  to  a m ode l o f U .S . a irc ra ft dem and. W e 

b o o ts tra p  confidence in te rva ls  fo r  A llen-U zaw a p a rtia l e la s tic itie s  o f s u b s titu tio n  and 

p ric e  e la s tic itie s . W e fin d  p re d ic tio n  in te rva ls fo r forecasts o f a irlin e ’s flee t size using 

th e  b o o ts tra p .

T h e  s ix th  essay suggests an app lica tion  o f leapfrogg ing  measures to  the  a irlin e  

in d u s try . A  d e ta ile d  look a t H u ltb e rg  and P o ste rt (1998) is presented. Three ra n k  

m o b ility  measures are presented and used to  de te rm ine  th e  am ount o f leapfrogg ing 

in  th e  da ta . A  hum an ca p ita l augm ented Solow-Swan m odel is f it  to  the  da ta  and we 

use b o o ts tra p p in g  to  ca lib ra te  th e  m odel.
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Chapter 1 

Introduction

T he dom estic  in d u s tr ia l p o lic y  o f th e  U n ite d  States has undergone changes th a t have 

spread w o rld  w ide. A  m a jo r tu rn in g  p o in t in  p o lic y  was the  A ir lin e  D e regu la tion  A c t 

o f 1978. T h e  A c t in fluenced  moves tow ard  de reg u la tio n  in  tru c k in g  and ra il, as w e ll 

as de reg u la tio n  in  no n -tra n sp o rt sectors such as b an k ing  and te lecom m un ica tions. I t  

is  d o u b tfu l th a t these la tte r  m ovem ents tow a rd  de regu la tion  w ou ld  have proceeded so 

q u ic k ly  h ad  th e  e a rly  experience w ith  a irlin e  de regu la tion  been less p o s itive . D om estic  

de reg u la tio n  o f th e  U .S . a irlines also has been in f luen tia l in  th e  policies o f o th e r 

coun tries. S ince 1978, there  has been de regu la tion  o f th e  dom estic a ir  tra n s p o rta tio n  

sectors in  Canada and  A u s tra lia .

U n til recen tly , th e  European a irlin e  in d u s try  has been sheltered fro m  co m p e titio n . 

B ila te ra l trea ties  w ere used to  set fares and flig h t frequencies and flag  ca rrie rs  were 

h e a v ily  subsid ized. W ith  the  ongoing lib e ra liz a tio n  o f the in d u s try , these carrie rs 

have been exposed to  co m p e titive  pressures o f th e  sorts th a t U .S. firm s  fe lt in  the  

la te  1970s and on.

The  tra d itio n a l s u p e rio rity  o f th e  U .S. has no t been lim ite d  so le ly  to  its  a irlin e s . 

T he  U .S . has long been the  w o rld ’s leader in  a v ia tio n  technology fo r c iv il and m ilita ry  

a irc ra ft. D u rin g  th e  past several decades, U .S. firm s  have transform ed th is  p o s itio n  o f 

techno log ica l leadersh ip  in to  a th r iv in g  in d u s try  w ith  la rge dom estic and in te rn a tio n a l 

sales o f a irc ra ft and re la te d  products. In  1992, sales o f c iv il a irc ra ft peaked a t $39.9 

b illio n , w ith  exports o f $24.3 b illio n . T h is  leadersh ip  has co n trib u te d  s ig n ific a n tly  

tow ards reducing  th e  cu rre n t U.S. trad e  im balance.
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D is p ite  its  h is to ric  record o f success, the re  has been concern about w he the r the 

U .S . aeronautics in d u s try  w ill m a in ta in  its  w orldw ide leadership p o s itio n . Increased 

c o m p e titio n , b o th  techno log ica l and fin a n c ia l, from  E uropean and o th e r non-U .S. 

a irc ra ft m anufactures has reduced the  g loba l m arket share o f U .S . a irfra m e  m anufac­

tu re rs  to  o n ly  tw o. Despite gains m ade in  the  recent G A T T  nego tia tions th a t lim it 

subsidies to  A irb u s , su bs tan tia l co m p e titio n  is expected to  con tinue . Forthcom ing  

noise aba tem ent requirem ents and environm enta l concerns create a d d itio n a l chal­

lenges faced b y  U .S . producers and purchasers o f a irc ra ft.

T he  n a tu re  o f in te rn a tio n a l tra d e  has changed d ra m a tic a lly  over th e  la s t decade. 

W here  once th e  w o rld  was a p lace o f nations seeking th e ir  ow n in te res ts  in d iv id u a lly , 

th is  has been replaced by la rge  tra d in g  blocks. The European C o m m u n ity  has em­

ba rked  on an am b itious e ffo rt to  rem ove econom ic barrie rs am ong the  tw e lve  m em ber 

sta tes and to  estab lish  an in te g ra te d  m arke t system . 1992 EC  in te g ra tio n  presages 

th e  m om en tum  o f g loba l changes in  in te rn a tio n a l tra d in g  arrangem ents th a t place 

specia l dem ands on the  g loba l econom ic com m unity. I t  is ha rd  to  argue th a t these 

deve lopm ents in  Europe have n o t been p iv o ta l factors in  the  passage o f th e  N o rth  

A m e rica n  Free Trade Agreem ent.

T h is  changing environm ent means th a t governm ents and in d u s trie s  th a t have en­

jo ye d  success in  some in te rn a tio n a l a n d /o r dom estic m arkets w ill fin d  th a t te rm s o f 

tra d e  are a lte red . C o n tin u a tio n  o f cu rren t subsidies and business as usual m ay prove 

in feas ib le . O n  the  o the r hand, econom ic e n titie s  th a t m ay have been unab le  to  suc­

cessfu lly  com pete in  some m arke ts m ay fin d  new business o p p o rtu n itie s  and avenues 

fo r  th e ir  p ro fita b le  e x p lo ita tio n . As countries around th e  w o rld  have developed under 

th is  new  env iro nm en t, so has th e  pa tte rns o f a ir tra ffic . For exam ple, before the  s ta rt 

o f th e  “ A s ian  C ris is ,”  the share o f in te rn a tio n a l tra ffic  generated over and near the 

P a c ific  O cean has been increasing a t a ra te  o f m ore th a n  10% per year, fa r above the
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6.6%  annua l g ro w th  ra te  fo r th e  rest o f th e  w o rld . P ro jec tions in d ic a te  th a t by the 

end  o f th e  c e n tu ry  over one th ir d  o f a il in te rn a tio n a l flig h ts  w ill em ana te  fro m  the 

P acific .

O fte n  in  a p p lie d  econom etrics, one sees p o in t estim ates fo r  various e la s tic itie s  and 

o th e r estim ates. These are a lm ost never presented w ith  s tanda rd  erro rs  o r confidence 

in te rva ls . H ow ever, no one w o u ld  th in k  to  re p o rt param eter estim ates o f a regres­

sion  w ith o u t re p o rtin g  e ith e r t-s ta tis tic s  o r p-values. A  possib le reason th a t m any 

econom etric ians do n o t repo rt s tanda rd  erro rs  on e las tic itie s  is th a t th e  d is tr ib u tio n  

th e o ry  fo r these values is in tra c tib le . B oo ts traps can be o f some help in  th is  regard. 

B y  boostrapp ing  param eter estim ates, d is trib u tio n s  fo r e la s tic itie s  can be b u ilt, no 

m a tte r how  n o n -lin e a r the  e la s tic ity  as a fu n c tio n  o f the  param eters.

One o f th e  m ost im p o rta n t tasks o f th e  app lied econom etric ian  is to  produce 

forecasts o f some typ e . However, forecasts are  always steaped in  som e un ce rta in ty . 

T h e  econom etric ian  w ill never e x a c tly  p re d ic t the  value o f in te res t. T h is  does not 

m ean th a t th e  forecasts are o f no  use, b u t th e  degree o f confidence in  th e  forecast 

shou ld  be expressed. B y  expressing forecasts as bo th  p o in t estim ates and  p re d ic tio n  

in te rva ls , the  fo recast user is g ive n  the  in fo rm a tio n  th a t a llow s fo r sound judgem ent. 

T h e  values a t th e  edge o f the  p re d ic tio n  in te rva ls  can be used in  “w h a t i f ”  analysis.

T y p ic a lly , th e re  are tw o sources o f e rro r in  forecasts. O ne is the  sa m p lin g  e rro r in  

th e  param eter estim ates o f th e  m ode l be ing used. The o th e r is random  e rro r te rm  in  

th e  m odel. W h ile  th e  param eter estim ates m ay be very precise, fo recasting  th e  e rro r 

te rm  is, by d e fin itio n , im possib le. B o o ts tra p p in g  allows us to  fin d  p re d ic tio n  in te rva ls 

in  a  s tra igh fo rew a rd  fashion.

In  th is  d isse rta tio n , we exp lo re  some a pp lied  econom ic issues as th e y  re la te  to 

th e  a irlin e  in d u s try , b o th  U.S. a nd  in te rn a tio n a l. In  C hap te r 2, we deve lope a m odel 

o f a irc ra ft dem and fo r the  U .S. W e explore th e  com petitiveness o f E u ropean  a irlin e
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in d u s try  in  C hap te r 3. In  C hap te r 4, we o u tlin e  a procedure fo r forecasting the 

w o rld -w id e  size o f a irlin e  flee ts. In  C hapte r 5, b o o ts tra pp ing  and Heterogeneous and 

A u to c o rre la tio n  C onsistent (H A C ) C ovariance E s tim a to rs , w h ich  are used to  ca lcu la te  

confidence and  p re d ic tio n  in te rva ls  in  th e  analyses ca rried  ou t in  Chapters 6 and 7. 

W e a p p ly  th e  boo tstrap  to  ca lcu la te  confidence in te rva ls  fo r e la s tic ity  estim ates and 

to  p roduce  p re d ic tio n  in te rva ls  fo r forecasts o f a ir lin e  flee t g ro w th  in  C hapter 6. We 

exam ine  th e  a p p lica tio n  o f recent w o rk  in  the  g ro w th  lite ra tu re  to  the  convergence 

in  p ro d u c tio n  o f carriers in  the  in te rn a tio n a l a ir lin e  in d u s try  in  C hapte r 7. W e also 

u tiliz e  b o o ts tra p p in g  procedures to  te s t fo r ra n k  m ovem ents in  such measures in  

C h ap te r 7. C hapter 8 concludes.
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Chapter 2 

A Model of U.S. Aircraft Demand

2.1 Introduction

The a irlin e  in d u s try  has grow n considerab ly since 1978 w hen the in d u s try  was dereg­

u la te d , and continues to  g row  (M o rriso n  and W inston , 1995). Consumers have bene­

fite d  g re a tly  due to  a irlin e  deregu la tion . Caves, et a l. (1987) state th a t deregu la tion  

has increased passenger-m ile p ro d u c tiv ity  g row th  betw een 1.3 and 1.6 percent per 

year. M o rriso n  and W in s to n  (1995) show th a t deregu la tion  has lead to  fares th a t are, 

on  average, 22 percent low er th a n  i f  re g u la tio n  was s t il l in  place.

In  a d d itio n  to  low er p rices, o th e r benefits have occurred. W ith  th e  increase in  

hub-and-spoke system s due to  the  e lim in a tio n  o f re s tric tio n s  on ro u tin g , M orrison  and 

W in s to n  (1995) fin d  a $10.3 b illio n  a year bene fit from  th e  increased flig h t frequency 

offered by th e  hub-and-spoke system . W h ile  i t  is tru e  th a t passengers o ften  m ust 

take  less d ire c t routes to  th e ir  destina tions, th e  num ber o f passgers changing planes 

has no t increased d ra m a tic a lly  since deregulation. (M o rriso n  and W inston , 1995). 

A d d itio n a lly , th e  passengers changing planes ra re ly  have to  change a irlines. T h is  

constitu tes  an  im provem ent in  service as m ost passengers perfer o n -lin e  conections 

(M o rriso n  and W ins ton , 1995).

T he  b e n e fit o f hub-and-spoke systems is reduced due to  longer tra v e l tim e, b o th  

in -flig h t and w a itin g  fo r flig h ts . G round tim e  has increased by five  m inu tes regardless 

o f d istance trave led . However, the  cost o f the  increase in  trave l tim e  ($2.8 b illio n  

pe r year) is m ore  than  offset b y  the  bene fit o f hub-and-spoke systems (M orrison  and 

W ins ton , 1995).
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W h ile  consumers have gained a great dea l th rough  de regu la tion , there are other 

possib le  innovations th a t w ill bene fit not o n ly  consumers, b u t a irlines and a irfram e 

m anufactu res as w e ll. In  th is  essay, we exam ine a irfram e and engine innova tions and 

th e  benefits o f those innovations th a t accrue to  equ ipm ent m anufacture rs, a irlines 

and  passengers.

T he  p rim axy  ro le  o f the N a tio n a l A eronautics and Space A d m in is tra tio n  (N A S A ), 

in  su p p o rtin g  c iv il a v ia tion , is to  develop technologies th a t im prove  the  o ve ra ll perfo r­

m ance o f th e  in teg ra ted  a ir tra n sp o rta tio n  system , m aking  a ir tra v e l safer and more 

e ffic ie n t, w h ile  c o n trib u tin g  to  the  econom ic w elfare o f th e  U n ite d  States. N ASA 

conducts m uch o f the  basic and early  app lied  research th a t creates the  advanced 

techno logy in tro d u ce d  in to  th e  a ir tra n sp o rta tio n  system . T h roug h  its  techno logy re­

search p rogram , N A S A  aim s to  m a in ta in  and im prove the  leadership ro le in  av ia tion  

techno logy and a ir tra n s p o rta tio n  he ld  by th e  U n ite d  States fo r the  past h a lf century.

To m eet its  ob je c tive  o f assisting the U.S. a v ia tio n  in d u s try  w ith  the technolog ica l 

challenges o f th e  fu tu re , N A S A  m ust id e n tify  research areas th a t have the  greatest 

p o te n tia l fo r im p ro v in g  the ope ra tion  o f the  a ir tra n sp o rta tio n  system . B y th o ro u g h ly  

u n d e rs tan d ing  the  econom ic im p a c t o f advanced technologies and by eva lua ting  how 

those  new technologies w ould  be used w ith in  the  in teg ra ted  a v ia tio n  system , N ASA 

can  balance its  research program  and help speed the in tro d u c tio n  o f high-leverage 

technologies.

T he  chap te r is organized as fo llow s. F irs t, we discuss th e  m odel o f a irc ra ft demand 

in  S ection  2.2. T h is  includes m odels o f a ir tra v e l dem and and a ir trave l supp ly . The 

specifics o f how  we use the estim ated  param eters from  o u r tra ve l dem and and trave l 

su p p ly  m odels to  p ro je c t a irc ra ft dem and are expla ined in  Section 2.3. In  S ection 2.4, 

we define a baseline scenario and three a lte rn a tive  scenarios fo r changes in  th e  supply
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and dem and variab les. From, these changes, we p ro je c t tra ve l dem and changes, a ir 

fle e t sizes and ope ra ting  m argins fo r  th e  period  1995—2005. S ection  2.5 concludes.

2.2 The Aircraft Demand Model

In  c re a tin g  th is  m odel, we had som e specific goals in  m ind . A  p rim a ry  o b je c tive  

was to  generate h igh -leve l estim ates fro m  broad in d u s try -w id e  supp ly  and dem and 

fac to rs . W e envisioned being able to  forecast the  dem and fo r a ir  tra v e l under a va rie ty  

o f scenarios. From  these a ir tra v e l dem and forecasts, we th e n  cou ld  th e n  estim ate  

th e  de rive d  dem and fo r the  fac to rs  o f p rodu c tion , m ost im p o rta n tly , the  num ber o f 

a irc ra ft in  th e  fleets o f U .S. passenger a ir carrie rs.

To create the  m odel, we firs t id e n tifie d  85 key U.S. a irp o rts  fro m  w h ich  flig h ts  

o rig in a te  and then  developed a irp o rt-le v e l dem and models fo r passenger service pro­

v id e d  b y  m a jo r a ir carrie rs. F u rthe rm ore , we lin ke d  the  a ir ca rrie r-sp e c ific  dem and 

schedules to  an analysis o f the  c a rrie r’s technologies v ia  th e ir cost functions expressed 

in  te rm s o f the  prices o f the  m a jo r in p u ts— labo r, fu e l, m a te ria ls , and flig h t equip­

m en t. F lig h t equ ipm ent was m odeled in  an especia lly de ta iled  w ay by in co rp o ra tin g  

som e key ope ra ting  characte ris tics o f a irc ra ft.

F rom  th e  cost fu n c tions , we generated derived dem and schedules fo r th e  fac to rs  o f 

p ro d u c tio n , p a rtic u la rly  a irc ra ft flee ts. The derived dem and schedules are functions 

o f th e  p rice  o f the  fa c to r o f p ro d u c tio n , prices o f the  o ther fa c to rs , param eters th a t 

describe th e  b o th  th e  a irc ra ft and ne tw ork used by  the c a rrie r, and th e  leve l o f 

passenger service supp lied.

T h e  a irc ra ft dem and m odel s ta rts  w ith  the  facto rs a ffecting  th e  dem and fo r a ir 

passenger tra v e l a t the  a irlin e  and a irp o rt levels. I t  then  exam ines the de te rm inan ts 

o f a ir lin e  cost functions and the  re s u ltin g  in d u s try  supp ly curves. The o b je c tive  o f 

b o th  analyses is to  o b ta in  p a ra m e tric  estim ates fo r the  a ir tra v e l dem and and a irlin e
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cost fu n c tio n s . These pa ra m e tric  estim ates can then be com bined w ith  user-specified 

values o f key su p p ly  and dem and variab les to  generate in d u s try -le ve l forecasts o f 

revenue passenger-m iles (R P M s) flow n a n d  the  num ber o f a irc ra ft in  the fleets o f U.S. 

passenger a ir ca rrie rs .

2 .2 .1  A ir  Travel D em an d

O u r firs t a n a ly tic a l task was to  develop a  m odel o f dem and fo r an a irlin e ’s passenger 

service. F rom  a p a rtic u la r a irp o rt a t o r ig in  z, ca rrie r j  w ill generate a c e rta in  level 

o f passenger tra ffic . The U .S. D epa rtm en t o f T ra n sp o rta tio n ’s (D O T ’s) O rig in  and 

D e s tin a tio n  da ta  records a one in  ten sam ple o f a ll ticke ts ; from  these, the R P M  service 

o rig in a tio n  a t a p a rtic u la r a irp o rt fo r a p a rtic u la r ca rrie r is constructed. D em and fo r 

a c a rrie r’s service is d rive n  by  the c a rrie r’s passenger fare y ie ld  (m easured b y  the 

average tic k e t p rice  fo r flig h ts  o rig in a tin g  a t a irp o rt i  d iv ided  by  the  average num ber 

o f R P M s flo w n ), its  com pe tito rs ’ y ie ld s , and the size and econom ic p ro sp e rity  o f 

th e  m a rke t. W e m odeled th e  econom ic characteris tics o f the S tandard  m e tro p o lita n  

S ta tis tic a l A rea  (S M S A ) surround ing  th e  85 a irp o rts  in  the  s tu d y  in  te rm s o f the 

area’s p o p u la tio n , pe r ca p ita  incom e, and unem ploym ent ra te . T he  pe rio d  under 

conside ra tion  was fro m  th e  firs t ca lendar qua rte r o f 1979 th ro ugh  the  last calendar 

q u a rte r o f 1992.

T he  dem and fu n c tio n , in  equation fo rm , is

=  j Pt,i,ct x t,i) j (2-1)

w here is th e  scheduled dem and ( in  R P M s) o rig in a tin g  a t tim e  t from  a irp o rt i 

fo r ca rrie r j ; pt,i,j is the  average y ie ld  fo r  service o rig in a tin g  a t tim e  t from  a irp o rt i 

fo r ca rrie r j ; and pt,i,c is th e  average y ie ld  fo r the  o th e r carriers generating tra ffic  at 

tim e  t fro m  a irp o rt i  fo r ca rrie r j .  T h e  x t,i are the  o the r dem and characteris tics at
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tim e  t  fo r  a irp o rt i. C onven tiona l trea tm en ts  fo r firm  and a irp o rt fixe d  effects were 

used. These effects cap tu re  those im p o rta n t characteristics o f a p a rtic u la r c ity  th a t 

are n o t easily m easured, such as to u rism  effects. W e use a lo g -lo g  spec ifica tion  fo r 

(2 .1 ). so th a t the  regression coefficients m ay be in te rp re te d  as e la s tic itie s .

T he  to ta l dem and fo r an a ir ca rrie r’s passenger service was th e n  constructed  by  

su m m in g th e  a irp o rt-sp e c ific  dem and equations. In  te rm s o f (2 .1 ), th e  to ta l dem and 

fo r a c a rrie r’s service is g iven by

ap

Qtj  =  5 3  ’ (2-2)
i= i

where ap is the  num ber o f a irp o rts  (85).

T ab le  2.2.1 shows th e  dem and variables th a t were inco rpo ra ted  in to  the  m odel. A ll 

th e  e xp la n a to ry  variab les were found to  be s ta tis tic a lly  s ig n ifica n t a t the 95 percent 

leve l o f confidence.

2 .2 .2  A ir  T ra v e l S u p p ly

T he second m a jo r com ponent o f our econom etric s tudy expla ins to ta l ca rrie r costs in  

term s o f o u tp u t q u a n titie s , fa c to r prices, a irc ra ft a ttrib u te s , and n e tw o rk  tra its . T he  

cost ana lysis was based m a in ly  on observations from  the  D O T  Form  41 data. T he cost

T a b le  2 .1  U.S. R P M  Dem and V a riab le  E stim ates

V ariab le
Param eter
E stim ate T -R a tio

O w n y ie ld -1.165 -46.00
C o m pe tito rs ’ y ie ld 0.095 1.83
Per ca p ita  incom e 1.334 8.33
P o pu la tion 1.228 10.64
U nem ploym ent ra te -0.121 -4.63
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d a ta  fo llow s 13 U.S. passenger a ir ca rrie rs  w ith , q u a rte rly  observations between the 

beg inn ing  o f 1979 and the  end o f 1990. These firm s  are th e  set o f fo rm er ce rtific a te d  

carrie rs th a t ex isted  th roughout the  s tu d y  period  a n d  account fo r w e ll over 95 percent 

o f th e  dom estic a ir tra ffic . From  th e  Form  41 d a ta , we generated a separate set o f 

dem and equations fo r each o f the c a rrie r’s facto rs  o f p ro d u c tio n  based on standard  

econom ic assum ptions concerning th e  cost-m in im iz in g  behavio r o f a carrie r. In  tu rn , 

these dem and equations p e rm itte d  exam ina tions o f  the  im pact o f facto r p rice  and 

fa c to r p ro d u c tiv ity  changes, fleet and ne tw ork co n fig u ra tio n s , and a irc ra ft o pe ra tion  

cha rac te ris tics .

Scheduled R P M  tra ffic  fo r ca rrie r j  a t tim e  t  was constructed as the  sum  o f 

o rig in a tio n  tra ffic  supplied by the c a rrie r fo r a ll a irp o rts  fro m  w hich i t  offered flig h ts . 

T h is  was th e  firs t o f the  tw o ou tpu ts  considered in  the  cost fu n c tio n  below . The 

second was th e  leve l o f nonscheduled R P M  service. T h e  tw o  generic ou tpu t categories 

a t tim e  t  fo r ca rrie r j  are designated yt,j, i and ytj ,2  fo r scheduled and nonscheduled 

R P M  dem and, respective ly. The facto rs  o f p ro d u c tio n  are labor, energy, m a te ria ls , 

and ca p ita l. F actor prices are labeled w. In  the  m o d e l, c a p ita l refers to  a irc ra ft fleets 

on ly . C a p ita l o the r than a irc ra ft, such as ground s tru c tu re s  and ground equ ipm ent, 

is in c lu d e d  in  the  m ateria ls category. O m ittin g  th e  tim e  and firm  subscrip ts, the  

transcendenta l lo g a rith m ic  (translog) costs fu n c tio n  is g iven by

2 2 2  4

log T  C  =  a0 +  <*i log Jfi +  E E  LoS Vi 1°S Vi +  Pi loS wi
»=1 t< / j=1 t= l

4  4

+ E  £  Pa log Wi log w5
«</ i= 1

4

- f  ^ 2  p.-aircraft a ttribu tes,- lo g  lOcapttaf
«=i

2

+  Y2  7 ,'network tra its,-. (2-3)
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C ost shares fo r la b o r, energy and m a te ria ls  axe g iven by

4

M i  =  ^  +  X  /3ij log  Wj. (2.4)
i= i

T h e  cost share fo r c a p ita l is

M capitai =  0 capital +  X  ficapitaij log  Wj +  X  pj log a irc ra ft a ttrib u te s /. (2.5)
»=1 x=l

T he  trans log  cost equation can be viewed ro u g h ly  as a second-order app ro x im a tion  

o f th e  cost fu n c tio n  d u a l to  a generic p ro d u c tio n  fu n c tio n . T h e  translog is th e  m ost 

w id e ly  used o f th e  fle x ib le  fu n c tio n a l form s (G reen, 1993). T h e  translog fu n c tio n a l 

fo rm  was in tro d u ce d  b y  C hristensen, e t a l., (1973) as a p ro d u c tio n  fu n c tio n  th a t d id  

n o t im pose h o m o th e tic ity  o r se p a ra b ility . H ow ever, we d id  im pose h o m o th e tic ity  in  

th e  cost fu n c tio n  and  im posed sym m e try  o f th e  cross-price deriva tives. S ym m etry 

and  lin e a r hom ogene ity  in  in p u t p rices are im posed by the  re s tric tio n :

o.ij =  a j i , V i , j ; 0ij = 0j i ,V i , /; X  & = 1; X  f a  =  0; 311(1 X )Pi = (2-6)
« j  5

S um m ary s ta tis tic s  based on th e  translog  cost equation  and its  associated share 

equations are p ro v id e d  by  the A llen -U zaw a and M o rish im a  p a rtia l e lastic itie s  o f sub­

s titu tio n  and by  p ric e  e las tic itie s . A  measure o f re tu rns  to  scale m ay also be obta ined 

fro m  th e  pa ram e te r estim ates.

T he  A llen -U zaw a  p a rtia l e la s tic itie s  o f s u b s titu tio n  are g iven  by

a __ A 'i +  SiSj
e<i = —s ^ r  
»« = + (2 .7)

M o ris h im a  e la s tic itie s  are given by

o~ij =  ( 6ji -  9u)Si, i  7  ̂j .  (2.8)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

12

T h e  ow n- and  cross-price e la s tic itie s  axe

e» =  OuSi

€ij =  9 ijS j,l 7^ j  (2-9)

£yi =  Z 7  ̂j -

O u r m enu o f flig h t ca p ita l cha racte ris tics was m odeled w ith  a set o f a ttrib u te s

o f th e  a irc ra ft fle e t. A  m a jo r com ponent in  p ro d u c tiv ity  g row th  is m easured by the

effects o f changes in  these a ttrib u te s  over tim e  (see B a lta g i and G riffin , 1988 fo r an a l­

te rn a tiv e  pane l d a ta  tre a tm e n t o f techno log ica l change). W e considered th e  a ttrib u te s  

o f th e  c a p ita l s tock w ith  th e  fo llo w in g  rationa les. W e expect newer a irc ra ft types, a ll 

o th e r th in g s  be ing  equa l, to  be m ore p rodu ctive  th a n  o lder types. N ew er w ing  designs, 

im p ro ve d  av ion ics, and m ore fu e l e ffic ien t engine technologies m ake th e  equ ipm ent 

m ore  p ro d u c tiv e . O nce a design is ce rtifie d , a la rge  p o rtio n  o f the  techno log ica l in ­

n o va tio n  becomes fix e d  fo r its  p ro d u c tive  life . T h e  m ost s ig n ifica n t c o n trib u tio n  to  

p ro d u c tiv ity  g ro w th  in  th e  1960s was the  in tro d u c tio n  o f je t equ ipm ent. W h ile  th is  

in n o v a tio n  was w id e ly  adopted, i t  was no t un ive rsa l fo r carrie rs in  o u r sam ple.

In  an eng ineering  sense, tra n sp o rta tio n  in dus trie s  tend  to  be characterized by  in ­

creasing re tu rn s  to  equ ipm ent size. Costs fo r fu e l, p ilo ts , te rm in a l fa c ilitie s  and even 

la n d in g  slo ts can be spread over m ore passengers. However, laxge size is n o t w ith o u t 

p o te n tia l diseconom ies. As equ ipm ent size increases, i t  becomes m ore d iffic u lt to  fine  

tim e  ca p a c ity  on a p a rtic u la r rou te . A lso, as capa c ity  is concentra ted in to  fewer de­

p a rtu re s , q u a lity  o f service declines (th e  p ro b a b ility  th a t a flig h t is o ffe red a t the  tim e  

a passenger dem ands i t  decreases). T h is  raises p a rtic u la r d iffic u ltie s  in  co m p e titive  

m axkets w here ca p a c ity  m ust be ad justed  in  response to  th e  behavio r o f riv a l c a rri­

ers. D e re g u la tio n  has accentuated th is  lia b ility  b y  v ir tu a lly  e lim in a tin g  m onopolies 

in  dom estic  h ig h -d e n s ity  m arkets. O n the  o th e r hand, th rough  m ore vigorous faxe
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co m p e titio n , de reg u la tio n  has increased the  totaL vo lum e o f tra ffic , som ewhat a tte n ­

u a tin g  th is  lia b ility . In  any even t, the  ope ra ting  econom ies o f increased equ ipm ent 

size m ust be tra d e d  o ff fo r th is  lim ite d  fle x ib ility .

F lee t d iv e rs ity  also represents tradeoffs. O n one hand, hav ing  d iffe ren t sizes o f 

a irc ra ft a llow s a c a rrie r to  o b ta in  a b e tte r f i t  between th e  dem ands fo r capacity on a 

p a rtic u la r ro u te  and th e  ty p e  o f equ ipm ent used. On th e  o th e r hand, there has been 

a m a jo r tre n d  to w a rd  increased s tand a rd iza tio n  o f fleets. H a v ing  a single a irc ra ft 

typ e  m in im izes costs associated w ith  crew tra in in g , m a in tenance and the  in ve n to ry  

o f spare pa rts .

In  a d d itio n  to  o u r tw o  o u tp u ts—revenue passenger and revenue cargo ton  m ile — we 

in c lud e  th ree  va riab le  in p u ts — la b o r, fue l and m ate ria ls  (an  aggregation o f supplies 

and ou ts ide  services); one quas i-fixed  in p u t— flig h t and g round  equ ipm ent; and tw o 

a ttrib u te s  o f a irlin e  netw orks—th e  stage le n g th  and th e  load fa c to r. Stage le n g th  

a llow s us to  account fo r d iffe re n t ra tios  o f costs due to  ground-based resources to  

costs a ttr ib u ta b le  to  th e  a c tu a l flig h t length . Short flig h ts  use a h ig h e r p ro p o rtio n  o f 

ground-based system s th a n  lo nge r flig h ts  fo r a R P M  o f o u tp u t. A lso , shorte r flig h ts  

te n d  to  be m ore c irc u ito u s ly  ro u te d  by a ir tra ffic  co n tro l and spend a low er fra c tio n  o f 

tim e  a t an e ffic ie n t a ltitu d e  th a n  longer flig h ts . The o the r o u tp u t ch a ra c te ris tic  is load 

fa c to r. A lth o u g h  th is  va riab le  also can be view ed as a c o n tro l fo r capacity  u tiliz a tio n  

and m acroeconom ic dem and shocks, i t  has been in te rp re te d  in  m any tra n sp o rta tio n  

studies as a p ro xy  fo r service q u a lity . As load facto rs increase, th e  num ber and le ng th  

o f flig h t delays increase as do th e  num ber o f lost bags and tic ke te d  passengers who 

axe bum ped. In flig h t service also declines since the  num ber o f flig h t a ttendan ts is no t 

ad justed  upw ards as load fa c to r increases.

We estim a ted  (2 .3 ), (2.5) and th e  labor and energy share equations given in  (2.4) 

using ite ra te d  seem ing ly u n re la te d  regressions. The estim ates o f th e  cost fu n c tio n  are
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p rov ided  in  T ab le  2.2.2. T he  e s tim a tion  produced estim ates th a t are  reasonable. T he 

re tu rn  to  scale es tim a te  a t th e  da ta  m ean is  1.073. Seasonal va ria tio ns  were co n tro lle d  

b y  th e  in c lus ion  o f three seasonal dum m y variables. W e con tro l fo r  fix e d  firm  effects 

b y  in c lu d in g  firm  dum m y variab les in  th e  equation. These firm  e ffects can be given 

th e  reduced fo rm  in te rp re ta tio n  o f o m itte d  variables th a t are specific  to  th e  firm  and 

d isp la y  li t t le  v a r ia b ility  over th e  sam ple period , o r can be given a m ore s tru c tu ra l 

in te rp re ta tio n  as tim e -in v a ria n t techn ica l inefficiencies fro m  a s tochastic  fro n tie r cost 

fu n c tio n  (S ch m id t and Sickles, 1984; C ornw e ll, et a l., 1990).

T he  sum m ary s ta tis tic s  fo r the  various e lastic itie s  are shown in  Tables 2.2.2, 2.2.2 

and 2.2.2.

2.3 Forecasting Aircraft Demand

T h e  jo in t m ode l o f supp ly and dem and fo r  com m ercia l passenger a ir  service specified 

in  th is  paper and the  inferences about th e  dem and fo r airplanes th a t are em bedded 

in  o u r econom etric  results allow s us to  s im u la te  the effects o f em erg ing  a irfra m e  and 

engine technologies by m o d ify in g  characteristics o f th e  planes in  se rvice . W e can 

also s im u la te  th e  g row th  in  to ta l system  dem and fo r passenger se rv ice  and fo r fa c to r 

in p u ts  such as th e  num ber o f a irc ra ft in  th e  fleet.

W e fo llo w  several general steps when eva luating scenarios:

1. W e p re d ic t th e  change in  RPM s based upon econom ic forecasts and dem and 

equa tion  estim ates.

2. We e s tim a te  a irlin e  revenues based upon  forecast R P M  g row th  and hypothesized 

changes in  tic k e t prices.

3. W e e s tim a te  a irlin e  ope ra ting  costs on the basis o f forecasted R P M  grow th , 

changes in  in p u t prices, and changes in  a irc ra ft and netw ork cha rac te ris tics .
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T a b le  2 .2  U.S. Cost Function. V a ria b le  E stim a tes

V a riab le
P a ram ete r
E s tim a te T -R a tio

Labor price 0.584 n /a
Labor price  squared -0.020 -2.53
Labo r x  energy -0.017 -4.32
Labo r x  m a te ria ls 0.032 5.25
Labo r x  c a p ita l 0.005 1.87
E nergy price 0.173 n /a
E nergy p rice  squared 0.104 40.10
E nergy x  m a te ria ls -0.074 -24.09
E nergy x  c a p ita l -0.013 -9.20
M a te ria ls  p rice 0.164 n /a
M a te ria ls  p rice  squared 0.089 12.01
M a te ria ls  x  c a p ita l -0.047 -14.80
C a p ita l p rice 0.079 n /a
C a p ita l p rice  squared 0.055 25.40
Scheduled dem and 0.642 25.13
Scheduled dem and squared 0.091 1.71
N onscheduled dem and 0.228 10.55
N onscheduled dem and squared -0.006 -0.11
Scheduled x  nonscheduled dem and -0.023 -0.50
Stage leng th -0.220 -4.81
Load fa c to r -0.511 -7.68
Average seats 0.014 4.61
Average age -0.011 -3.69
Percentage je ts 0.003 3.91
Percentage w ide-bod ied  a irc ra ft -0.060 -6.45

T a b le  2 .3  A llen -U zaw a P a rtia l E la s tic itie s  o f S u b s titu tio n  a t D a ta  M ean

Labor E nergy M a te ria ls C a p ita l
Labor -0.771 X X X

Energy 0.832 -1.301 X X

M ate ria ls 1.334 -1.601 -1.789 X

C a p ita l 1.108 -1.268 -2.628 -2.846

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

16

T a b le  2 .4  M orish im a  P a rtia l E la s tic itie s  o f S u b s titu tio n  a t D a ta  Mean

Labor E ne rgy M a te ria ls  C a p ita l
Labor
Energy
M ate ria ls
C a p ita l

X

0.370
0.512
0.312

0.936
X

0.030
0.125

0.172
-0.052

X

0.017

1.098
0.006

-0.138
X

T a b le  2 .5 P rice  E la s tic itie s  a t th e  D a ta  M ean

Labor E nergy M a te ria ls C a p ita l
Labor
Energy
M ate ria ls
C a p ita l

-0.450
0.486
0.779
0.647

0.144
-0.226
-0.278
-0.219

0.219
-0.264
-0.293
-0.431

0.088
-0.100
-0.208
-0.225

4. W e p re d ic t the  a irc ra ft in v e n to ry  fro m  a irlin e  ope ra ting  costs, th e  cap ita l share 

equ a tion , and hypothesized changes in  a irc ra ft p rice  and a irc ra ft size.

2 .3 .1  F o re c a s tin g  C h a n g e s  in  T ra v e l D e m a n d

To p re d ic t changes in  tra v e l dem and, th e  m odel s ta rts  w ith  actua l a irlin e  o u tp u t fo r 

th e  la s t tw o  quarte rs o f 1993 and th e  firs t tw o quarte rs o f 1994 and changes i t  over 

tim e  based on  th e  estim a ted  dem and fu n c tio n  coeffic ients and p re d ic te d  changes in  

th e  e x p la n a to ry  variables. T h e  equa tion  fo r p re d ic tin g  annual changes in  dem and is

5

% A R P M  =  5 3  /?,•% A X ,,  (2.10)
« = i

w here the  /?,- are the coeffic ients es tim a ted  fro m  the  econom etric m ode l and the  X {  are 

th e  e xp la n a to ry  variables. D ue to  th e  lo g a rith m ic  s tru c tu re  o f th e  s ta tis tic a l m odel, 

th e  coe ffic ien ts  are in te rp re te d  as e la s tic itie s . For exam ple, the coe ffic ien t o f 1.334 on
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p e r ca p ita  incom e means th a t a one percent increase in  per ca p ita  incom e raises the  

dem and fo r  a ir  tra v e l by 1.334 percent.

T h e  econom etric  estim ates o f the  dem and fu n c tio n  are based on q u a rte rly  tra ffic  

vo lu m e  fo r each a irlin e  and a irp o rt in  the  sam ple. W h ile  it  is possible to  b u ild  the  

dem and forecasts up fro m  th is  h ig h ly  de ta iled  le ve l, i t  w ould  be tim e-consum ing 

and p ro b a b ly  add m ore inaccuracy to  the fin a l es tim a te . Instead, we use the  ac tua l 

scheduled and  nonscheduled R PM  da ta  fo r the dom estic  and in te rn a tio n a l routes o f 

U .S . passenger a irlines as th e  s ta rtin g  p o in t and g row  dem and a t the  ra te  in d ica te d  

b y  (2 .10 ). T h is  imposes th e  constra in t th a t o u tp u t grows at the  same ra te  fo r each 

a irlin e . W h ile  th is  is cleaxly inaccurate, th is  is n o t a s ig n ifica n t bias in  the  m odel 

since o u r goa l is to  forecast industry-w ide  dem and, costs, and a irc ra ft fleets. For 

lo n g -ru n  forecasts such as those generated by th e  m odel, i t  is im m a te ria l w he ther 

th e  aggregate dem and fo r a ir  trave l is satisfied b y  a  p a rtic u la r ca rrie r such as U n ite d  

A ir lin e  o r C o n tin e n ta l A irlin e s .

F o r th e  purpose o f forecasting faxes and fo r c a lcu la tin g  in d u s try  tra v e l dem and, the 

ow n-fa re  and other-faxe changes are assumed to  be id e n tica l. Therefore , the ove ra ll 

p ric e  e ffect is th e  sum  o f th e  two coefficients. T he  ne t effect shows th a t a ir passenger 

tra v e l is sensitive  to  p rice  changes, b u t not u n u su a lly  so. The m ode l pred icts th a t 

a te n  pe rcen t fare  reduction  w ill increase RPM s b y  10.7 percent. T h is  im p lies th a t 

a fte r h o ld in g  o th e r factors constant— such as p o p u la tio n  and incom e— changes in  a ir 

faxes w ill have v ir tu a lly  no effect on to ta l revenues co llected by  th e  industry .

2 .3 .2  F orecastin g  C hanges in A irline C osts

T h e  a irlin e  cost equation estim ated fo r the  m odel is shown in  (2 .3 ). As shown, to ta l 

costs axe a fu n c tio n  o f a irlin e  ou tputs, in p u t p rices, and a irc ra ft and a irlin e  ne tw ork 

a ttr ib u te s . U sing the supp ly  param eter estim ates shown in  T ab le  2.2.1, (2 .3 ) can
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easily be used to  produce a tim e  series o f p red ic te d  changes in  a irlin e  costs. U sing 

the  log -log  s tru c tu re  o f o u r trans log  spec ifica tion  to  o u r advantage, the fo llow ing  

forecast equa tion  is de rive d :

% A T C  =  £ c * % A y i +  £ £ a ij% A y i% A Vj  +  ' £ / 3 i% A w i
1=1 i< j y=i t=i

+  ̂ 222 Pij%Aw{%Avjj 
i< j i= l 

4

+  ^ 2  pi% A a irc ra ft a ttr ib u te s t-% A iocapt£ai
1=1

2

+  ^ 2  7 f% A n e tw o rk  tra its,-, (2.11)
1=1

where % A  means annua l percentage change in  th e  variab le .

As w ith  th e  dem and forecasts, to ta l costs are p ro je c te d  fo rw a rd  fro m  the baseline 

defined b y  th e  repo rte d  da ta . T he m o d e l increases the  costs a t th e  rates p red ic ted  

by  th e  m odel, g iven o u tp u t forecasts, in p u t p rice  changes, and a irc ra ft and ne tw o rk 

cha rac te ris tics .

2 .3 .3  F orecastin g  C h an ges in  A ircraft F lee ts

E s tim a tin g  th e  a irc ra ft fle e t requ ire d  to  m eet the  forecasted tra v e l dem and is a some­

w h a t m ore invo lved  process. Four fa c to rs  enter in to  the  forecast o f a irc ra ft fleets:

1. T he  changes in  to ta l a irlin e  costs;

2. T he  estim ated  share o f a irc ra ft costs in  to ta l costs;

3. T he  forecasted change in  a irc ra ft ca p ita l costs; and

4. T he  g ro w th  in  average a irc ra ft size.

Changes in  to ta l a ir lin e  costs w ere discussed in  the  p revious section. R e ferring  

to  (2 .5 ), th e  a irc ra ft share o f to ta l costs is a fu n c tio n  o f in p u t prices and a irc ra ft
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a ttrib u te s . A s w ith  th e  costs and dem and forecasts, we update th e  c a p ita l share 

e qu a tion  th ro u g h  th e  fo recast pe riod  as a fu n c tio n  o f the  rates o f change in  the  fa c to r 

p ric e  and a irc ra ft a ttr ib u te  paxam eters. The  equation fo r changes in  th e  ca p ita l cost 

share is

4  4

A  Mcapitai =  ^ 2  ft  capital, j%  A w  j  +  JZ  P j%  A a irc ra ft a ttr ib u te s /. (2.12)
t'=l t'=l

T he  re su ltin g  c a p ita l share tim e  series pred icts the fra c tio n  o f to ta l costs th a t w ill 

be  spent on  a irc ra ft in vestm en ts . From  (2.12), the  ca p ita l share varies w ith  changes 

in  th e  p rice  o f a irc ra ft a nd  w ith  changes in  a irc ra ft characteris tics. B y  m u ltip ly in g  

th is  share e s tim a te  b y  to ta l costs, we o b ta in  a tim e  series o f ca p ita l investm en t in  

a irc ra ft.

The  fin a l pieces o f in fo rm a tio n  needed to  calcula te the  num ber o f planes in  th e  

a irc ra ft flee t are the  p re d ic te d  leve l o f a irc ra ft prices and the  average a irc ra ft size. 

T h e  a irc ra ft p rice  va ria b le  can inc lude  m ore than  s im p ly  the  im p lic it re n ta l p rice  

and  since i t  re flects  a m ore  com prehensive measure o f a irc ra ft ow nership costs, i t  can 

also be used to  re fle c t th e  changes in  th e  p ro d u c tiv ity  o f a irc ra ft. A irc ra ft size, as 

m en tioned  e a rlie r, is m easured by th e  average num ber o f seats. W hen th e  a irc ra ft 

in ves tm en t is d iv id e d  b y  th e  p ro d u c t o f th e  a irc ra ft price  in dex  and th e  average size, 

we o b ta in  th e  es tim a ted  n u m b e r o f planes in  each a irlin e ’s fleet. In  equa tion  fo rm , 

th e  fo rm u la  is

N u m b e r o f Planes =  T C  M cavxtai —  (2.13)
Pcapitai ■ Average bize

2.4 Scenarios and Forecasts

W e define a baseline scenario  fo r  the  supp ly  and dem and variables in  T ab le  2.4. U sing 

these values, the  a irc ra ft dem and m odel p ro jects annual g row th  in  tra v e l dem and o f 

4.55 percent fo r the  p e rio d  1994 th ro u g h  2005. T h is p re d ic tio n  com pares favo r­
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a b ly  w ith  a n im a l g ro w th  forecasts o f 4.74 percent and 4.69 percent fro m  the  Boeing 

C om pany (B oe ing ) and the  Federal A v ia tio n  A dm in istration  (F A A ), respective ly. In  

te rm s o f th e  num ber o f planes requ ired  to  sa tis fy  th is  g ro w th  in  tra v e l dem and, the 

m ode l p ro je c ts  annual g row th  in  th e  U.S. com m ercia l a irlin e  flee t o f 2.36 percent fo r 

th e  p e rio d  1994 th ro ugh  2005. T h is  p re d ic tio n  is between B oe ing ’s forecast o f 2.13 

percent annua l g ro w th  and th e  F A A ’s forecast o f 3.28 percen t annual g row th .

To dem onstra te  th e  reasonableness and u t il it y  o f th is  m ode l, we evaluate a set o f 

a lte rn a tiv e  scenarios. These are sum m arized in  Table 2.4 and 2.4.

In  a robus t econom y scenario, econom ic g row th  accelerates to  th ree  percent per 

year, as com pared to  a 2.5 percent g row th  ra te  in  the baseline scenario. Consequently, 

th e  unem p loym ent ra te  fa lls  fro m  s ix  percent in  1994 to  4.9 percen t in  2015. Because 

o f th is  robust m acroeconom ic environm ent, g ro w th  in  th e  consum er dem and fo r pas­

senger a ir tra v e l increases to  5.43 percent. As a resu lt, the  de rived  dem and fo r a irc ra ft 

im proves.

In  an o il p rice  shock scenario, th e  price o f o il is assumed to  be a p p ro x im a te ly  tw ice 

as h ig h  b y  th e  year 2015 as i t  w ou ld  have been in  the baseline scenario. As a resu lt, not 

o n ly  do energy prices increase a t a faste r pace, b u t real econom ic g row th  declines from  

2.5 percent p e r year to  zero percent per year. T h is  poor m acroeconom ic environm ent 

causes the  dem and fo r passenger a ir trave l to  decline d ra m a tic a lly  re la tiv e  to  the 

baseline scenario.

T he  a irlin e s  axe assumed to  cu t fares m ore ra p id ly  in  th e  faxe w ar scenario than  in  

th e  baseline scenario. W h ile  th is  stim ulates th e  dem and fo r passenger a ir  tra ve l and 

th e  derived  dem and fo r a irc ra ft, th e  scenario is p robab ly  s e lf- lim itin g  because negative 

op e ra tin g  m arg ins w ould  cause m any firm s to  e x it the in d u s try  and c e rta in ly  w ould 

co ns tra in  th e  a v a ila b ility  o f c re d it w ith  w hich to  finance th e  needed increase in  fleets 

and netw orks.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

T a b le  2 .6  Baseline Exogenous V a ria b le  G row th Rates

V ariab le

A n n u a l
G ro w th

R a te
Fare y ie ld -1.23%
Incom e grow th 2.50%
P opula tion g row th 0.94%
U nem ploym ent ra te 0.00%
Labor P rice -1.60%
Energy P rice -1.60%
M ateria ls P rice 0.00%
C a p ita l P rice -0.50%
Stage Length 0.35%
Load Factor 0.15%
Average Age 0.00%
Average Size 0.75%
Percentage o f
je t a irc ra ft 0.00%
Percentage o f
w ide-bodied a irc ra ft 0.04909
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T a b le  2 .7  Baseline and A lte rn a tiv e  Scenario 
Exogenous V a riab le  G row th. Rates

A n n u a l G ro w th  Rate
R obust O il Fare

V ariab le Baseline E conom y Shock W ar
Fare Y ie ld -1.23% -1.23% -1.23% -2.00%
Incom e G row th 2.50% 3.00% 0.00% 2.50%
P o p u la tio n  G row th 0.94% 0.94% 0.94% 0.94%
U nem ploym ent Rate 0.00% -1.00% 0.00% 0.00%
L a b o r P rice -1.60% -1.60% -1.60% -1.60%
E nergy P rice -1.60% -1.60% 2.00% -1.60%
M a te ria ls  P rice 0.00% 0.00% 0.00% 0.00%
C a p ita l P rice -0.50% -0.50% -0.50% -0.50%
Stage Len g th 0.35% 0.35% 0.35% 0.35%
Load F acto r 0.15% 0.15% 0.15% 0.15%
A verage Age 0.00% 0.00% 0.00% 0.00%
A verage Size 0.75% 0.75% 0.75% 0.75%
Percentage o f
J e t A irc ra ft 0.00% 0.00% 0.00% 0.00%
Percentage o f
W id e -B o d ie d  A irc ra ft 0.04909 0.04909 0.04909 0.04909

T a b le  2 .8  G row th in  T rave l D em and and  A irc ra ft F leets and 
O p e ra tin g  M arg in  U nder Various Scenarios fo r Years 1995-2005.

Scenario

A nnua l G row th  R ate 
T rave l A irc ra ft 

Dem and F leets
O perating

M arg in
Baseline 4.55% 2.36% 8.0%

R obust Economy 5.34% 3.07% 8.6%
O il Shock 1.22% -0.61% -1.9%
Fare W ar 5.38% 3.10% 0.4%
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2.5 Conclusions

O u r jo in t m ode l o f dem and and su p p ly  fo r com m ercia l a ir  service, and th e  inferences 

about the  dem and fo r a irp lanes th a t are em bedded in  th a t m odel, allow s us to  sim u la te  

the  effects o f em erging technologies in  engine design capa b ilities  and in  a irfram e 

capacities in  te rm s o f m o d ifica tio n s  in  th e  characte ris tics  o f the planes in  service. 

W e are ab le  to  s im u la te  th e  g ro w th  in  to ta l system  dem and fo r service  and thus, 

fo r fa c to r in p u ts  such as planes. W e axe able to  exam ine the  unpact th a t em erging 

technologies th a t focus on  engine fu e l e ffic iencies and noise abatem ent characte ris tics 

have on th e  dem and fo r a irc ra ft. T he fo rm e r w ill reduce fu e l requ irem ents (fu e l is one 

o f the  facto rs  o f p ro d u c tio n ) and th e  la tte r  w ill expand th e  poss ib ilitie s  fo r  increased 

flig h t frequency and w o u ld  lessen th e  lik e lih o o d  o f flig h t c u rta ilm e n t in  specific  urban 

corridors w h ich  w o u ld  in  tu rn  constra in  to ta l num ber o f a rriva ls /d e p a rtu re s  in  selected 

a irpo rts .

P o licy  considera tions are c le a rly  an im p o rta n t com ponent o f an a irc ra ft dem and 

m odel. In  th e  near te rm , m anda ting  stage th re e  a irc ra ft w ill lead to  th e  re tirin g  o f 

several o ld e r planes, o r a t th e  m in im u m , requ ire  re tro fittin g  th e ir engines w ith  hush 

k its . T hough  i t  appears u n like ly  th a t such proposals w ou ld  pass Congress, the  recent 

N a tio n a l A ir lin e  C om m ission has recom m ended repea ling the  a irc ra ft excise taxes, 

m o d ify in g  th e  tic k e t ta x , and exem pting  a irlin e s  fro m  th e  B T U  ta x . O u r m odel is 

capable o f re fle c tin g  th e  im p a c t o f these proposals th ro ugh  th e ir im p a c t on in p u t and 

o u tp u t prices in  th e  a irc ra ft investm en t equa tion .
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Chapter 3

Competition in the European Airline Industry

3.1 Introduction.

I t  is w id e ly  agreed th a t fares charged on. m ost routes in  Europe have been sign ificantLy 

h ig h e r th a n  those charged in  the  U.S. fo r routes o f s im ila r distance. T h is  p o in t was 

e xe m p lifie d  by th e  1984 conference o f th e  Federation o f European Consumers w here 

i t  was decided th a t i t  w ou ld  be cheaper to  f ly  a ll th e ir  delegates to  W ashington, D .C . 

th a n  to  m eet anyw here in  E urope (Sam pson, 1988).

One possib le  exp lana tion  o f the  h igh  prices is th a t E uropean a irlines are in e ffic ie n t 

re la tiv e  to  U .S. a irlines. W hen com pared to  the  U .S . a irlin e  in d u s try , Good, e t a l. 

(1993a,b, 1995) found  th a t th e  European a irlin e  in d u s try  is h ig h ly  in e ffic ie n t. A ll 

th e  E uropean a irlines were te chn ica lly  less e ffic ien t th a n  a ll the  U .S. a irlines fo r th e  

p e rio d  1976-86. Pan A m  and Eastern (b o th  o f w hom  have le ft the  in d u s try ) had 

te ch n ica l e ffic ien cy  scores h ig h e r than those o f the  E uropean carriers. A  h igh  cost 

s tru c tu re  fo r th e  European a irlin e  in d u s try  has also been noted b y  M cG owan and 

S eabrigh t (1989) who suggest th a t h igh  costs in  th e  European a irlin e  in d u s try  are 

due to  poo r u tiliz a tio n  o f la b o r and h igh  in d ire c t and  overhead costs. They p o in t 

o u t th a t a ll the  non -U .K . a irlin e s  have ve ry  h igh la b o r costs when com pared to  U .S . 

a irlin e s . C a p ta in  and S ickles (1997), using da ta  la rg e ly  based on the  period 1976 

th ro u g h  th e  m id-1980s, p ro v id e  support fo r th is  in  th a t la b o r is pa id  a wage above 

its  m a rg in a l revenue p ro d u c t and suggest strong la b o r unions as a reason.

In  th is  chap te r, we also exam ine ano the r possible reason fo r re la tiv e ly  high prices 

in  th e  E uropean a irlin e  in d u s try : m arke t power. W ith  schedules set by trea ty , the
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a irlin e s  in  a m axket w ould c o n s titu te  an o ligopo ly. W e exam ine  th e  European carriers 

in  an o ligo po ly  s tru c tu re  w ith  p roduct d iffe re n tia tio n , us ing  a  new ly  developed panel 

o f in te rn a tio n a l carrie rs (W ing rove , et a l., 1996, K ap lan , e t a l., 1997, and Johnson, e t 

a l., 1997) fro m  w h ich  we e x tra c t da ta  on e igh t a ir ca rrie rs  fro m  E urope w ith  annual 

observations fro m  1976 th ro u g h  1994.

T h e  chap te r is organized as fo llow s. In  Section 3.2, we discuss th e  in s titu tio n a l 

en v ironm ent in  th e  European in d u s try  as i t  has evolved th ro u g h  th e  m id-1990s. W e 

n e x t discuss th e  a irlin e  da ta  we use and w hat i t  te lls  us abou t differences between 

carrie rs in  E urope, w h ich have operated in  a h ig h ly  regu la ted , a lb e it increasing ly 

co m p e titive  econom ic environ m en t, and carrie rs in  th e  U .S . , w h ich  have operated in  

a deregulated environm ent over the  e n tire  pe rio d  in  S ection  3.4. These comparisons 

p o in t ou t the  su bs tan tia l d ifferences in  to ta l p ro d u c tiv ity  en joyed b y  U .S. carriers v is - 

a -v is th e ir European coun te rpa rts, and underscore th e  need to  b e tte r understand th e  

sources o f these effic iency d iffe re n tia ls . W e pursue one possib le  source o f p ro d u c tiv ity  

d ifference by considering th e  im p lica tio n s  o f a no n -co m p e titive  m ode l o f ca rte l behav­

io r to  characterize th e  European carriers in  Section 3.5. In  S ection 3.6, we im plem ent 

th is  m odel e m p iric a lly  and te s t the  ex ten t to  w h ich E uropean ca rrie rs ’ p ric ing  de­

cisions axe a t variance w ith  m a rg ina l cost p ric in g . W e conclude, in  Section 3.7, by  

suggesting th a t one way o u t o f the European’s conundrum  o f appaxently  com pe titive  

p ric in g  a t the  m a rg in  and m oderate techn ica l in e ffic ie n cy  m ay be to  e xp lo it the low  

cost s tructu res o f U.S. ca rrie rs  v ia  s tra teg ic  alliances and  code sharing  axrangements.

3.2 A Recent History of the European Airline Industry

Since th e ir in cep tion , E uropean “flag  ca rrie rs ,”  subsidized and even owned by govern­

m ents, have acted as duopolies: tw o carrie rs from  tw o  coun tries w ou ld  carve up th e  

m axket on every rou te  and th ro u g h  b ila te ra l agreements de te rm ine  how m any people
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each, w o u ld  c a rry  and  charge. Even as la te  as 1993, European in te rn a tio n a l routes 

w ere o lig o p o lis tic . T h e  a irlin e s  also engaged in  “ p o o lin g ”  agreem ents w hereby th e y  

w o u ld  d iv id e  revenue, a p ra c tice  th a t persisted u n til th e  la te  1980s on th re e -fo u rth s  o f 

E uropean rou tes ( The Economist, 1993). Before deregu la tion , the  a irlin e s  had to  get 

pe rm iss ion  h o rn  n a tio n a l licensing  offices and show fin a n c ia l s tre n g th  to  s ta rt oper­

a tin g . E stab lished  a irlin e s  even needed perm ission to  s ta rt new routes. C o m p e titio n  

was v e ry  lim ite d  and as a re su lt o f s trong  sta te  p ro te c tio n  and a id  fo r five  decades, 

these carrie rs w ere in e ffic ie n t (Low den, 1996).

T h is  began chang ing  in  1987. F o llow ing  the  lead o f B r ita in , the  A v ia tio n  D ire c­

to ra te  o f th e  E u ropean  C om m ission s ta rte d  a staggered set o f de re g u la to ry  measures 

th a t lif te d  e n try  to  b a rrie rs  to  new a irline s  and la id  th e  founda tions fo r a c o m p e titiv e  

e n v iro n m e n t in  th e  in d u s try  (Low den, 1996). M ost s ig n ifica n t o f th e  th re e  has been 

th e  “ T h ird  Package,”  w h ich  the  C om m ission in itia te d  in  1993 (H o tte n , 1995) and 

whose e n tire  p ro v is io n  cam e in to  fu ll effect on A p r il 1, 1997 (Low den, 1996). T he  

th ird  E C  lib e ra liz a tio n  package fo r a ir  tra ve l, also ca lled  the  “ O pen Skies”  p rogram , 

a llow ed a irline s  to  set fares s ta rtin g  in  1993 (E u rope  2000, 1992) and to  opera te  a 

ro u te  betw een any tw o  EC  coun tries. The  open skies program  also abo lished p o o lin g  

( The Economist, 1993) and allow ed an a irlin e  to  o ffe r “ cabotage”  services (th e  r ig h t to  

o ffe r flig h ts  w ith in  ano the r co u n try  fo r services s ta rtin g  in  its  ow n co u n try ) (E urope  

2000, 1992). As o f A p r il 1, 1997 a irline s  were able to  p rovide  fu ll cabotage services 

regardless o f a f lig h t ’s o rig in  (Low den, 1996).

In  keeping w ith  th e  lib e ra liz a tio n  s ta rte d  w ith  th e  T h ird  Package, th e  E uropean 

C om m ission has also prepared gu ide lines fo r s ta te  a id  to  a irlin e s . A lth o u g h  th e  

C om m ission  can n o t m ake a u n ila te ra l decision th a t i t  is th e  last tim e  i t  approves 

a id  to  an a irlin e , i t  is to  consider fu rth e r a id  to  an a irlin e  o n ly  i f  “ e x te rn a l c ircu m ­

stances”  re q u ire  i t  (Fe ldm an , 1997). These gu ide lines, based on th e  “ one tim e , la s t
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tim e ”  p rin c ip le , a llow  fo r a one tim e  a id , except in  unp re d ic tab le  circum stances, so 

th a t a irlin e s  can a d ju s t to  new lib e ra l m arke t cond itions (Low den, 1996). In  add i­

tio n , th e  C om m ission created a subsidy test ca lled  the  “ M a rke t Econom y Inves to r 

P rin c ip le ”  (M E IP ) w hereby funds fro m  p u b lic  a u th o ritie s  w ili no t be considered a id 

i f  such funds w ould  have been invested  by the  p riva te  sector (Feldm an, 1997).

T h e  above provis ions are in  th e  s p ir it o f the  counsel o f “ T he  C o m m itte e  o f 

W isem en”  created b y  th e  Com m ission in  1993. The C o m m itte e  advocated th e  co n tin ­

u a tio n  o f de regu la tion  to  establish a S ingle A v ia tio n  M a rke t to  m eet g lobal challenges. 

Tow ards th is  end, i t  recom m ended ha rm on iz ing  n a tio n a l regu la tions fo r e ffe c tive  cost 

c u ttin g , e lim in atin g  in fra s tru c tu ra l bottlenecks b y  c rea ting  an e ffic ien t S ing le  T ra ffic  

M anagem ent System , enforcing in te rn a l m arke t rules to  address problem s o f slots 

and s ta te  a id , and cu rb in g  governm en t in te rve n tio n  in  the  ope ra tion  o f a ir  carrie rs 

(A gence E urope, 1994).

T h e  consequences o f the  deregu la to ry unde rtak ing  have been m an ifo ld . T h e  e ffo rt 

has crea ted  m any challenges fo r th e  European established carrie rs , o r “ m a jo rs .”  Even 

w ith o u t these th rea ts , Europe’s m a jo rs  face a lo t o f problem s in c lu d in g  hub conges­

tio n , g lo b a l co m p e titio n  from  strong  U.S. m a jo rs , lack o f u n lim ite d  s ta te  a id  and 

a irc ra ft replacem ents. Y e t, the m ost th re a te n in g  issue has been upstarts  th a t have 

sprung up fo llo w in g  deregula tion. These m arke t opening e ffo rts  encouraged s ta rtups 

such as G a tw ic k ’s A ir  Europe, w h ich  fa ile d  in  1991, R yana ir o f Ire la n d  and e a s y je t o f 

G reece. F o r instance, R yana ir’s cheap a irc ra ft, low  overhead a t its  D u b lin  base and 

use o f lo w e r cost a irp o rts , such as L u to n , allow ed i t  to  charge such low  p rices th a t 

B r it is h  A irw a ys  (B A ) was forced to  p u ll its  service in  D u b lin  in  1991 (Low den, 1996).

In  fa c t, one m ay say th a t the  m ost v is ib le  im p a c t o f deregu la tion  has been new 

e n tra n ts  and  low er faxes. L ike R ya na ir, G reek owned ea sy je t has offered faxes th a t 

no t o n ly  unde rcu t B A ’s prices on B r itis h  dom estic routes, b u t also those o f tra in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

28

opera to rs. These ups ta rts  have la rg e ly  been ab le  to  offer cheap fares by keeping sales 

and d is tr ib u tio n  costs low  th ro ugh  th e  use o f th e ir own telephone reservations and 

ticke t-less  tra ve l: these usua lly  account fo r 15% to  20% o f to ta l ope ra ting  expenses 

(Low den, 1996).

C o m p e titio n  in  th e  recent past has also com e fro m  low  cost a ir tra v e l m ade avail­

ab le b y  chaxter a irlin e s . These “ ca rrie rs ,”  w h ich  in it ia lly  catered to  the  le isu re  maxket 

b y  se lling  packed tou rs , have begun se llin g  ticke ts  o n ly  fo r flig h ts  due to  th e  re lax­

a tio n  o f th e  ru les. E stim ates in d ic a te  th a t such “ chaxter”  flig h ts  account fo r about 

h a lf cross borde r E uropean tra ve l. L ik e  th e  recent sta rtups, these carrie rs also have 

costs w e ll be low  those o f the scheduled a irlin e s  since they em ploy o n ly  8% o f the 

a ir lin e  w orkforce  ( The Economist, 1993).

To com pete in  th e  le isure m axket, w h ich  has become increasing ly necessary due 

to  th e  effects o f deregu la tion , the  m a jo rs  rea lize  th e  need to  c u t costs d ra s tica lly : 

these costs have been h igh  due to  expensive service charges, such as those fo r a irp o rt 

h a n d lin g  and a ir tra ffic  con tro l fees, and low  la b o r p ro d u c tiv ity  {The Economist, 

1993). One obvious ta rge t o f cost c u ttin g  e ffo rt has been em ploym ent. Despite 

tra ffic  g ro w th  and continued fin a n c ia l recovery, in c lud ing  a p ro fit o f $1.8 b illio n  fo r 

IA T A  m em ber European carriers in  1994 (Sparaco, 1995) and a record o f 74.8% load 

fa c to r on long hau l routes in  1996 (F io rin o , 1997), jo b  g row th  has been slow  o r fa lling . 

P ro m p te d  b y  g row ing  co m p e titio n  fro m  deregu la tion , scheduled a irlines had cu t about 

40,000 jobs between 1990 and 1994, even in  th e  face o f social d isputes and walkouts. 

Exam ples abound. A ir  France has frozen wages and cu t 5,000 jobs to  reduce cost by 

30% . A lita lia  and Ib e ria  have m ade s im ila r moves b y  c u ttin g  2,000 and 3,500 jobs, 

respective ly . B y  acqu iring  49% stake in  Sabena, Sw issair also reduced ground s ta ff 

to  take  advantage o f synergy above th e  1,600 jobs th a t i t  had a lready elim in ated in  

1994 (Sparaco, 1995).
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T h e  effo rts tow ard  g rea te r m a rke t re liance have re su lte d  in  im provem ents. W ith  

d e reg u la tio n  and com m e rc ia liza tion , m ostly  in  no rthe rn  Europe, a irline s  there  have 

e x h ib ite d  p ro d u c tiv ity  and e ffic ie n cy  gains, especia lly B A , Lufthansa and K L M  

(Low den, 1996). In  a d d itio n , lib e ra liz a tio n  o f av ia tion  services, m ost advanced in  th e  

U K , has allow ed B A  to  es tab lish  dom estic services in  b o th  G erm any and  France, and  

B r itis h  M id la n d  to  become a th ir d  ca rrie r b y  breaking tra d itio n a l duopolies on m a n y  

rou tes (H o tte n , 1995).

O f course, co m p e titio n  fro m  sta rtups and pressures fro m  lib e ra liz a tio n  m ig h t 

p ro m p t the  m ajors to  re ta lia te  b y  o ther th a n  co m p e titio n  enhancing m eans. T h e y  

m ay t r y  to  use p o litic a l pow er to  deter co m p e titio n , fo r instance b y  m o n o p o liz in g  

s lo ts a t congested a irp o rts . T h e y  m ay also launch  ad ve rtis in g  cam paigns a t the  tim e  

o f e n try  o f a new s ta rtu p  w ho w ill not be able to m a tch  these e ffo rts . In  re a lity , 

th e  m a jo rs  have responded b y  unde rtak ing  “ clon ing stra teg ies” w hereby th e y  have 

fo rm e d  companies th a t m a tch  com pe tito rs ’ costs and opera tions; tw o cases in  p o in t 

o f such s tra teg ic  subsidiaries in c lu d e  Lu fthansa ’s C ity lin e  and B A ’s Deutsche B A  and  

T A T  France. The m ajors have also trie d  to  increase m a rke t share by com b in ing  th e ir  

n e tw o rk  power. T h is  concept has been the  reason for m any o f the a lliances o f the  m a­

jo rs  in  Europe and the  U .S. Exam ples inc lude  alliances betw een K L M  and N o rth w e s t, 

Lu fth a n sa  and U n ited , L u fth a n sa  and SAS, D e lta  and Sabena, and B A  and A m e rica n  

(Low den, 1996). The  benefits o f deregu la tion  m ay also be lim ite d  by in fra s tru c tu ra l 

cons tra in ts  w h ich w ill aggravate an already congested and in tr in s ic a lly  confusing a ir  

tra ffic  co n tro l system  (V in ce n t and S tasinopoulus, 1990). As has been docum ented 

in  a re p o rt by  th e  A ssocia tion  o f European A irlin e s , th e re  is no u n ifie d  a ir tra ff ic  

c o n tro l system  fo r Europe. T h e  s itu a tio n  th a t existed in  the  la te  1980s and e a rly  

1990s o f 22 d iffe ren t systems and 44 opera ting  centers based on p o litic a l boundaries
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and n o t o p e ra tio n a l considerations which, cou ld  seriously d is ru p t a ir tra ve l and create 

in to le ra b le  delays.

T he  outcom e o f the  lib e ra liz a tio n  e ffo rt has n o t been a ll as p lanned. I t  has im ­

proved c o m p e titio n  on some dom estic routes b u t not across Europe. P rice  com­

p e titio n  o f in te rn a tio n a l routes are lim ite d  and o n ly  7% o f in te rn a tio n a l routes are 

opera ted b y  m ore  th a n  two carrie rs. T h is  la ck  o f co m p e tito rs  is re in forced by  prob­

lem s o f a irp o rt cap a c ity  where inadequate  la n d in g  and take  o ff slo ts create barrie rs 

to  e n try  by  new  com petito rs  (H o tte n , 1995). P roposals fo r chang ing  slo t a lloca tions 

axe o fte n  w a te red  down, p ro v id in g  no reprieve  fro m  the  p ro b le m . O the r com pe titio n  

h in dering  forces have been sta te  a id  and a ir  tra ffic  con tro l p rob lem s; there are too 

m any o f the  la tte r , o ften  one fo r each sovereign s ta te ’s a ir  space, leading to  delays 

and hence increases in  annual cost o f flig h ts . F in a n c ia l pressures fro m  the h ig h  cost 

o f ope ra tion , in c lu d in g  h igh n a v ig a tio n a l, a irp o rt take o ff and  la nd ing  fees and 3% 

carbon ta x , also s tifle  co m p e titio n  ( The Economist, 1993).

T h a t th e  “ O pen Skies”  in it ia tiv e  has n o t produced m ore  re fo rm  has also been 

due to  la ck  o f com pliance w ith  th e  E U  C om m ission ’s ru les. F o r instance, the  E U ’s 

e ffo rt to  p ro v id e  fo r com pe titio n  in  a irp o rt g round  h a n d lin g  (be lieved to  be 30% 

too  h ig h  a t m a n y  a irp o rts ) by  o rd e rin g  a irlin e s  to  handle th e ir  ow n effects in  large 

a irp o rts  has m e t w ith  resistance. Lu fthansa  finds  the  d ire c tiv e  unappealing because 

costs fo r h a n d lin g  a t F ra n k fu rt are tw ice  those o f o ther a irp o rts , and m ore than  

th ree  tim es those a t London G a tw ick  and M anchester. G e rm an  a irpo rts  also fin d  

th is  ru le  o b je c tio n a b le  because g round  h a n d lin g  generates a roun d  40% o f revenues. 

In  a d d itio n , th e  C om m ission’s a tte m p ts  to  reduce sta te  a id  to  a irline s has been m et 

w ith  s im ila r d iffic u ltie s . A irlin e s  have disregarded these rules and  some, such as Ibe ria , 

have requested repeated help by c la im in g  a presence o f “ d u ra b le  adverse cond itions” 

( The Economist, 1993).
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3.3 Data

Before we tu rn  a tte n tio n  to  ou r s tru c tu ra l m ode l o f ca rte l behavio r we w ill discuss 

th e  da ta  on w h ich  th e  s tru c tu ra l m ode l’s em p irica l im p lem en ta tion  is based. We 

also discuss some cha racte ris tics  o f th e  European carriers in  te rm s o f p a rtia l fa c to r 

p ro d u c tiv itie s  and how  these d iffe r fro m  those o f carriers in  th e  U .S. where dereg­

u la tio n  has a proven tra c k  record o f some tw e n ty  years. We also exam ine pa tte rns  

o f ra d ia l measures o f te ch n ica l in e ffic ie n cy  th a t have existed over the  pe riod  based 

on a s im p le  C obb-D ouglas fo rm  fo r th e  p ro d u c tio n  fu n c tio n  using th e  C ornw ell e t a l. 

(1990) tim e -v a ry in g  in e ffic ie n cy  m ode l. D ifferences in  p a rtia l fa c to r p ro d u c tiv itie s  are 

s ig n ifica n t fo r some in p u ts  w h ile  th e  techn ica l in e ffic iency gap appears to  have closed 

considerab ly in  the  la te  1980s and e a rly  1990s.

O u r supp ly  da ta  set consists o f a panel o f the  e igh t a ir ca rrie rs fro m  Europe 

th a t were used in  C a p ta in  and S ickles (1997). A  num ber o f da ta  series used th e re in  

were e x tra p o la te d  between 1985—1990. Results presented here are based on a new ly 

construc te d  and com ple te  da ta  set o f 37 in te rn a tio n a l a irlines fro m  1976 to  1994 th a t 

are used in  C hapter 4. A  lis t o f these carriers are presented in  Table 3.1. These 

ca rrie rs  and countries are fo llow ed w ith  annual observations fro m  1976 th ro ugh  1994. 

A  com p le te  discussion o f th e  da ta  can be found  in  A ppend ix B .

T a b le  3 .1  L is t o f C arriers and C ountries

Sabena (B e lg iu m ) A ir  France (France)
Lu fthansa  (G erm any) A lita lia  (Ita ly )
K L M  (N e the rlands) SAS (Sweden, Norway, D enm ark)

Ib e ria  (S pain)________B ritis h  A ir  (U n ite d  K ingdom )
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3.4 Comparison of U.S. and European Carriers

As was p o in te d  o u t earlie r, European a irlin e s ’ inefficiencies re la tiv e  to  U .S . a irlines 

is one possib le  exp lana tion  o f high, prices o f a ir tra ve l in  Europe since excess costs 

need to  be recouped as d ire c t subsidies axe under increased sc ru tin y . A  possib ile  

e x p la n a tio n  fo r th e  difference in  e ffic iency scores is th a t European a irlin e  in d u s try  

m akes po o r use o f la bo r (M cG ow an and Seabright, (1989)). I t  is also possible th a t 

la b o r is be ing  p a id  a wage th a t is too h ig h  (C apta in  and Sickles (1997)).

In  e a rlie r w o rk  u tiliz in g  da ta  p redom ina te ly  based on th e  la te  1970s and e a rly  

1980s, G ood e t a l. (1993a,b, 1994, 1995) noted differences in  techn ica l e ffic iency be­

tw een E u rope  and post-regu la to ry  U.S. o f between 10 and 15 percent. W e can use ou r 

n e w ly  extended da ta  set to  exam ine w he the r or not the  general trends w h ich  m an i­

fested  them selves as we found  them  to  in  th e  decade fo llo w in g  the  U .S . experim ent 

w ith  de reg u la tio n  w h ile  Europe was s t il l s trong ly entrenched in  its  r ic h  regu la to ry  

tra d itio n s  have continued in to  the  second h a lf o f the  1980s and in to  th e  1990s. To 

th a t end, we constructed several series o f p a rtia l p ro d u c tiv ity  indexes and exam ined 

th e ir  te m p o ra l p a tte rn  du rin g  the  1970s th rough  the  1990s. The U . S. firm s  used in  

th is  com parison were draw n fro m  the  same new ly created in te rn a tio n a l ca rrie r da ta  

set (G ood, e t a l., 1997) and com prise th e  vast m a jo rity  o f th e  to ta l U .S . in d u s try . The  

firm s  are A m erican , C ontenental, D e lta , Eastern, N orthw est, Pan A m , Trans W orld , 

U n ite d , U S A ir, and W estern. F igure 3.1 displays the p a rtia l p ro d u c tiv ity  in dex  fo r la ­

b o r. W e found  a substan tia l d isp a rity  when our sam ple pe riod  begins in  1976 and th is  

d is p a rity  has narrowed sub s ta n tia lly  by  1994. A lth ough  a s im ila r convergence does 

n o t appear in  the  sim ple p a rtia l p ro d u c tiv ity  measure fo r th e  residua l m a te ria ls  in p u t 

(F ig u re  3.2), the  ca p ita l in p u t series fo r Europe and th e  U.S. are in d is tin g u ish a b le  by 

1994 (F ig u re  3.3).
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F ig u re  3 .1  R a tio  o f Labo r Q u a n tity  to  Scheduled 
O u tp u t fo r B o th  U .S . and European A irlin e s
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F ig u re  3 .3  R a tio  o f C a p ita l Q u a n tity  to  Scheduled 
O u tp u t fo r B o th  U.S. and European A irlin e s

78 82 9284 90
Year

Since i t  w o u ld  appear th a t subs tan tia l convergence occurred in  the  p a rtia l p ro ­

d u c tiv itie s  o f th e  fa c to r in p u ts  we then  ask i f  a s im ila r convergence has occu rred  

w ith  regard  to  ra d ia l te ch n ica l e ffic iency measures. W e have estim a ted  a s im p le  

C obb-D ouglas m odel and have constructed tim e -va ry in g  re la tive  techn ica l e ffic ien cy  

measures us ing  th e  C o rnw e ll, e t a l. (1990) w ith in  e s tim a to r and a poo led regression 

o f E uropean and U.S. firm s . W e then  w eighted the re la tiv e  efficiencies by the  o u tp u t 

share o f th e  p a rtic u la r c a rrie r in  the  European o r U . S. in d u s try  to  construc t th e  

d iffe re n tia l betw een E urope and U.S. over the  1976—1994 period . These are d isp layed  

in  F igu re  3.4.

I t  is c le a r th a t w ith  th e  a d d itio n  o f da ta  from  th e  m id-1980 th ro u g h  1994 th e  

s to ry  a bo u t in e ffic iency  pa tte rn s  between Europe and th e  U.S. th a t is presented in  

G ood, e t a l. (1993a,b, 1995) and based on the decade e a rlie r appears to  have changed. 

A lth o u g h  th e re  s t ill ex is ts  an e ffic iency difference o f abou t 5% in  fa vo r o f the  U .S ., 

th is  d iffe rence  is s u b s ta n tia lly  low er than  the  average o f 10% -15%  th a t appeared to  

e x is t in  th e  decade fo llo w in g  U .S. deregulation. The rem arkab le progress o f B r itis h  A ir
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F ig u re  3.4 D ifferences in  A verage E ffic ie ncy  
Scores Between U.S. and E uropean A irlin e s
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a fte r p riv a tiz a tio n  (and  its  large share o f European to ta l revenue passenger m iles) and 

the  steady progress o f Lufthansa, K L M  and A ir  France fro m  th e  m id-1980s through 

th e  present also has appeared to  have fla tte ned  the  te m p o ra l p a tte rn  over the en tire  

pe rio d  1976-1994.

In  the  nex t section  we consider a m ore s tru c tu re d  argum ent based on a m odel o f 

ca rte l behav io r w h ich  was applied to  the  European in d u s try  using da ta  p redo m inan tly  

based on th e  p e rio d  1976-1985 (C ap ta in  and Sickles, 1997). A  num ber o f data series 

in  th a t s tu d y  were n o t available fo r la te r periods th ro u g h  th e  end o f the  s tu d y  period 

(1990) and were in te rp o la te d  a nd /o r forecasted using tim e-se ries m ethods. The m odel 

w ill exp lo re  w he the r o r not there is evidence o f n o n co m p e titive  p ric in g  o r w hether 

co m p e titive  pressures in  Europe have also had th e ir w ay in  reducing p rice /m a rg in a l 

cost m arkups.
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3.5 Econometric Model of Cartel Behavior

W e w ill s tu d y  th e  European ca rrie rs  in  an o ligo po ly  s truc tu re  w ith  p rodu ct d iffe ren­

tia tio n .1 Consider an in d u s try  w ith  N  firm s th a t produce a d iffe re n tia te d  o u tp u t q. 

The o u tp u t is p roduced  using n  in p u ts  x =  (x 1? x 2, • - •, r n). M arke t dem and fo r firm  

k a t tim e  t  is g iven b y

qkt = q k ( p t , P m t , Y t , i > ,e dt ) , (3.1)

where pt is the average price charged by firm  k, pmt is an in d e x  o f a ll o th e r firm s ’ 

prices, Yt are o th e r variables th a t s h ift dem and, ip are unknow n param eters o f the 

dem and fu n c tio n , and edt are th e  random  errors. The “perceived”  m a rg ina l revenue 

fu n c tio n  is

P M R  =  p t +  D iq k t, (3-2)

where D i  =  dpktfdqkt-

T h e  cost fu n c tio n  fo r firm  k is

C k t —  Ck{<lktt Wfcij Z t , Cci), (3-3)

where Wkt is a v e c to r o f in p u t prices th a t firm  k pays a t tim e  t, Z t axe in d u s try

variab les th a t s h ift cost, u> axe th e  unknow n param eters in  the  cost fu n c tio n , and ect

axe th e  random  e rro rs . M a rg ina l cost is

U C  =  C 1{qkt,W t,Z t ,1 ). (3.4)

In  an o lig o p o lis tic  industry , a firm  chooses o u tp u t where m arg ina l cost is equal 

to  “ perce ived” m a rg in a l revenue ( in  a p e rfec tly  com pe titive  indus try , M C  =  p ). We 

equate m arg ina l cost and “ perceived”  m arg ina l revenue to  get the  q u a n tity  se tting  

co n d itio n

C i( q k t, Wt, Z t , 7) =  p t +  D iq k td , (3-5)

1This section is based on Captain and Sickles (1997)
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w here  9 is  an in d e x  o f the co m p e titive  n a tu re  o f the  firm . T h a t is, w hen 9 = 0 ,  

th e  in d u s try  is p e rfe c tly  co m p e titive  since m a rg in a l cost equals p rice . A  9 va lue o f 

u n ity  is consisten t w ith  Nash behavior. T hu s, (3.5) is re fe rred  to  as the b eh av io ra l 

e q u a tio n .

T h e  p ro fit fu n c tio n  fo r a irlin e  k a t tim e  t  is

Hfct =  ?kt{jpkt\ Pit? • • • i Pk—l,t i  P k + l ,t i • • • j P N t) * Pkt (<?£*('))• (3'6)

T a k in g  th e  d e riv a tiv e  o f th is  fu n c tio n  w ith  respect to  pkt and h o ld in g  a ll o th e r prices 

con s ta n t, we have th e  firs t o rder cond itions fo r p ro fit m a x im iza tio n  in  a p ric e  s e ttin g  

gam e:
d<ikt , d C k t  dqkt ^
~ Pkt +  qkt ~  -3 a =  °- (3 J )
v p k t o q k t Opkt

B y  sum m ing  over the  N  firm s, we have

&Qt , dCkt dqkt n f0
=  ( 3 ' 8)

w here  Qt =  J2k ^kt- Assum ing sym m etry  in  cost, (3.5) reduces to

9 C k t Q t n fo  Q\
p. -  dqtt < g e- (3-9)

W ith  th is , we can estim ate 9 by specify ing  a  dem and and a cost equation.

F o r th e  m a rke t dem and equation, we specify  a se m i-lo g a rith m ic  fu n c tio n :

log  qkt — 8 +  SpPkt +  8PiPikt +  SoDpGDPkt

+ 8 Ga s p G A S  P kt  +  S c c o N s G C O N S k t  

-\-8RAiLpRAILPkt +  e</, (3.10)

w here  qkt is th e  o u tp u t o f firm  k a t tim e  t, P k t is the  p rice  charged by firm  k, P ,k t is 

an  in d e x  o f th e  p rice  charged by the  o the r N  — 1 firm s , G D P  is th e  gross dom estic 

p ro d u c t, G A S P  is the  re ta il p rice  o f gas in c lu d in g  taxes, G C O N S  is th e  g ro w th  in

consum er expend itu res and R A IL P  is the  p rice  o f ra il tra ve l.
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For th e  cost fu n c tio n , we use a tra n s -lo g a rith m ic  specifica tion . A fte r we im pose 

sym m etry , th e  cost fu n c tio n  is  g iven b y

3  3  2 ^  3

log  C  =  ct +  Y  Pi log  p{ 4- Y  Pa  lo S Pi loS f t ' +  o E  P« loS2 Pi
i=i j> i t=i t=i

1 3
+ 7 q lo g  9 +  o 7,2 lo g 2 q +  Y  7<j» log  q log pf

z t= i
+ P t p T P  +  FKP -j- /? s l log S L  +  Pl f  log  L F

7

+PNetsize log  N e ts ize  -(- Y  (X iA IR i +  ec (3-11)
i=i

w here pi is th e  i th in p u t p rice , q is o u tp u t, P T  is  the  percentage o f the  fle e t w h ich axe 

tu rb o -p ro p  a irc ra ft, W B  is th e  percentage o f the  flee t w h ich are w ide -body a irc ra ft,

S L  is th e  stage leng th , L F  is th e  load  fa c to r, and N ets ize  is th e  size o f th e  netw ork.

T he  c iiA IR i represent fix e d  firm  effects in  the  cost equation. These firm  effects 

can be g iven  th e  reduced fo rm  in te rp re ta tio n  o f o m itte d  variables w hich are specific to  

th e  firm  and  d isp lay l i t t le  v a r ia b ility  over th e  sam ple period , o r can be g iven  a m ore 

s tru c tu ra l in te rp re ta tio n  as tim e -in v a ria n t techn ica l ineffic iencies fro m  a stochastic 

fro n tie r cost fu n c tio n  (S ch m id t and S ickles, 1984; C ornw ell, e t a l., 1990).

T he  cost shares m ust add to  u n ity  and we m ust have linea r hom ogeneity in  in p u t 

prices. T h e  fo llo w in g  re s tric tio n s  are thus app lied  on the  cost fu n c tio n :

Pk  +  Pl  +  Pm  =  1

Ptci +  Phi +  PMi =  0, fo r a llz  G  {.K , L, M }

JqK +  IqL  +  7qM =  0.

Sum m a ry  s ta tis tics  based on th e  tra n s lo g  and its  associated share equations axe 

p rov ided  b y  th e  A llen -U zaw a, M o rish im a  and own- and cross-price s u b s titu tio n  elas­

tic itie s , and  a measure o f re tu rn s  to  scale. T h e  A llen -U zaw a e las tic itie s  o f s u b s titu tio n
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and ow n-price e la s tic itie s  are g iven by

fiij +  SjS j
O i SiS,-

fe  --- (3.12)

where Si is the  fit te d  share fo r in p u t i. M o rish im a  e las tic itie s  are g iven by

°V/ =  (Cy.- ~  (a )S i, i  £  j .  (3.13)

T he  ow n- and cross-price e la s tic itie s  are

i '»  = CaSi

^i] =  C« j  Sj , i  ^  j

Vji =  CijSi, i  ±  j .  (3.14)

R eturns to  scale axe com puted as the  inverse o f the  cost e la s tic ity  o f o u tp u t. T h is  is 

g ive  by

t1 =  Wq +  {3qqlogq +  /3qLlogpL +  fiq M lo g p M  +  P qK logpK]~l ■ (3.15)

T he  behavio ra l equation we estim ate is

P  =  M C -  |  +  e6. (3-16)
o

W e th e n  estim ate  a system  o f fiv e  equations using  ite ra te d  non-linear th ree-stage least

squares (IT N L 3 S L S ). The five  equations are th e  dem and, cost, la b o r share, ca p ita l

share and the  behav io ra l equation. We tre a t th e  p rice  o f a ir trave l, q u a n tity , to ta l 

cost, la b o r share, ca p ita l shaxe, and labor p rice  as endogenous variab les. A h  o the r 

variab les are tre a te d  as exogenous.
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3.6 Empirical Results

T he param eter estim ates fo r th e  system  o f equations g iven  in  Section 3.5 can be found  

in  Table 3.2. F itte d  share values, re tu rns to  scale, and various e la s tic itie s  ca lcu la ted  

fro m  these estim ates are in  Tables 3.3 th ro u g h  3.7.

W e id e n tify  th e  m arke t s tru c tu re  by te s tin g  the  n u ll hypothesis th a t 9 =  1 versus 

the  a lte rn a tiv e  th a t 6 <  1. T he  n u ll hypothesis is re jec ted  a t th e  95% leve l o f 

significance. T h e  European a irlin e s  in d u s try  does not behave cons is te n tly  w ith  Nash 

behavior.

In  the dem and equation, a ll the  param eters (w ith  th e  possible excep tion  o f gas 

p rice ) have th e  expected sign and are s ig n ifica n t. T h e  o u tp u t p rice  e la s tic ity  o f - 

0.55 means th a t dem and fo r a ir  tra ve l is ine la s tic  and consumers w ill decrease a ir 

tra v e l dem and p ro p o rtio n a lly  less w ith  p ric e  increases. However, th e  e la s tic ity  o f the  

p rice  index is p o s itiv e  and q u ite  large (1 .98), so a irline s  in  Europe are though t o f as 

substitu tes and any p roduct d iffe re n tia tio n  is qu ite  sm a ll. The ra il p rice  cross-price 

e la s tic ity  is p o s itiv e  so ra il tra v e l is also a su b s titu te  fo r a ir  tra ve l. T h e  o u tp u t G D P 

e la s tic ity  is also p o s itive , so coun tries w ith  h igher G DPs have a la rge r dem and fo r a ir 

tra ve l, w h ich is expected. T h e  gas p rice  o u tp u t e la s tic ity  is negative w h ich  m ay be 

due to  a lin k  betw een gas p rice  and a irc ra ft fu e l p rice .

T he  cost fu n c tio n  estim ates produce fit te d  share values th a t are p o s itive  a t a ll 

th e  observations. T he  estim a ted  cost fu n c tio n  is concave in  in p u t prices at the  da ta  

m ean and a t 60%  o f the da ta  po in ts. T h e  estim ated re tu rns  to  scale a t the  da ta  

m ean is 1.29. O f th e  five  a irlin e  specific variab les in c lu d e d  in  the  cost fu n c tio n , o n ly  

stage le ng th  and percentage o f w ide bod ied  a irc ra ft are s ig n ifica n t. T he  param eter 

estim ates fo r b o th  stage le n g th  and load fa c to r do n o t have th e ir expected signs.

Labor, c a p ita l and m a te ria ls  are a ll su b s titu ta b le  in p u ts  as m easured w ith  th e  

A llen -U zaw a e la s tic itie s  o f s u b s titu tio n  (see Table 3 .5 ). L ikew ise, the  M o rish im a
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T a b le  3 .2  N on linear IT3S LS  P a ram eter E stim ates

Cost E q u a tio n

V a ria b le
P aram eter
E s tim a te T -R a tio V a riab le

P aram eter
E s tim a te T -R a tio

log  Pk 0.044 2.30 log PL 1.163 14.35

log p m -0.207 -2.38 lo  gQ -2.174 -27.31
log2 Q 0.198 27.62 log Q log  Pk -0.007 -5.36
log Q  lo g  PL -0.043 -7.70 log Q log  p m 0.050 8.42
log2 PL 0.117 17.47 log2 pK 0.041 21.49

log2 PM 0.158 60.41 log  p k  log  pL -0.016 -8.28
log PK lo g  PM -0.025 -13.52 log pL log p m -0.133 -21.17
log  S L 0.309 6.19 L F 0.514 1.82
log N e ts iz e 0.036 0.72 P W B -1.247 -6.16
P T 0.004 0.66 Ib e ria 20.628 23.63
A ir  F rance 20.590 22.98 Lu fthansa 20.689 23.53
A lita lia 20.438 23.52 K L M 20.420 23.63
B r it is h  A irw a ys 20.499 23.32 SAS 20.620 23.93
Sabena 19.929 23.12

D em and E qua tion

V a ria b le
P aram eter
E s tim a te T -R a tio V ariab le

P aram eter
E stim a te T -R a tio

In te rc e p t 12.726 78.94 P -0.490 -3.70
P in d e x 0.249 9.44 Gasp -0.822 -4.22
G D P 0.001 10.25 P r a il 9.265 7.80

B ehavio ra l E qua tion
P aram eter

V a riab le E s tim a te T -R a tio
6 0.112 3.58

T a b le  3 .3  F itte d  Share Values and R eturns to  Scale a t D a ta  M ean

Labor 0.322
C a p ita l 0.069
M ate ria ls  0.609 
R eturns to  scale 

L29
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T a b le  3 .4  O u tp u t P rice  E la s tic itie s  a t D a ta  M ean 

P rice -0.551
Price In d e x  1.976
Gas P rice  -0.588
GDP 0.391
R a il P rice  0.494

e la s tic itie s  o f s u b s titu tio n  (see Table 3.6) show th a t ca p ita l, la b o r and m a te ria ls  are 

a ll su b s titu ta b le  in pu ts .

F in a lly , we com pute the  average 6 values and m ark-ups over th e  sam ple, by year, 

and a irlin e  in  Tables 3.8 th ro u g h  3.10. O ver the e n tire  pe riod , m ark-ups averaged 

22.8% . For th e  years 1976-86, m ark-ups averaged 23.1% . M a rk-ups  s ta rte d  the  

p e rio d  a t near 25% leve l and o n ly  declined s lig h tly  over th e  pe riod . In  1987, w hen the  

European m a rke t was opening to  a m ore co m p e titive  env iro nm en t, m ark-ups s ta rte d  

to  increase (th is  tre n d  a c tu a lly  starts in  1986). However, a fte r th re e  years, th is  tre n d  

stops, and m ark-ups s ta rt to  decline to  levels lower th a n  before 1986. The average 

m a rk -u p  fo r th e  years 1989-93 is 17.8%. D espite  in e la s tic  dem and, w ith  o the r a irlin e s  

and ra ilroads as close substitu tes , h igh m ark-ups in  th e  E uropean m arke t cou ld  n o t 

be sustained.

T a b le  3 .5  A llen -U zaw a E la s tic itie s  o f S u b s titu tio n  a t D a ta  M ean

Labor M ateria ls C a p ita l
Labor -0.975 X X

M ate ria ls 0.485 -0.304 X

C a p ita l 0.271 0.411 -4.872
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T a b le  3 .6  M o rish im a  E las tic ities  o f S u bs titu tion  at D a ta  Mean

Labor M ateria ls C a p ita l
Labo r X 0.470 0.401

M ate ria ls 0.480 X 0.435
C a p ita l 0.356 0.366 X

T a b le  3 .7  In p u t Price E lastic ities a t D a ta  Means
Labor M ateria ls C ap ita l

Labor -0.314 0.295 0.019
M ate ria ls 0.156 -0.185 0.028

C a p ita l 0.087 0.250 -0.337

T a b le  3 .8  C o m pe tition  Variable (0) Estim ates, 
Average Prices, M ark-U ps and M arg ina l Costs

9 P M ark-up  M C
0.112 1.123 0.228 0.895
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T a b le  3 .9  C om pe tition  V a ria b le  {&) Estim ates b y  Year w ith  
Average Prices, M a rk -U p s  and M arg ina l Costs

Year 0 P M ark-up  M C
76 0.120 0.755 0.244 0.511
77 0.125 0.815 0.255 0.560
78 0.122 0.862 0.248 0.614
79 0.118 0.979 0.240 0.739
80 0.120 1.135 0.245 0.890
81 0.106 1.060 0.216 0.844
82 0.120 1.037 0.224 0.813
83 0.102 1.002 0.209 0.794
84 0.097 0.969 0.198 0.771
85 0.095 0.989 0.194 0.795
86 0.133 1.142 0.271 0.872
87 0.149 1.300 0.304 0.996
88 0.149 1.313 0.303 1.010
89 0.129 1.320 0.262 1.058
90 0.135 1.417 0.275 1.143
91 0.095 1.572 0.193 1.379
92 0.055 1.446 0.113 1.333
93 0.023 1.252 0.046 1.206

T a b le  3 .1 0  C om pe tition  V a ria b le  (0) Estim ates by  A ir l in e  
w ith  Average Prices, M a rk -U p s  and M a rg ina l Costs

A irlin e 0 P M ark-up M C
A ir  France 0.086 1.111 0.175 0.935
A lita lia 0.145 1.114 0.295 0.818
B r it is h  A irways 0.053 0.976 0.107 0.869
Ib e ria 0.105 0.974 0.213 0.761
K L M 0.073 0.875 0.150 0.725
Lufthansa 0.073 1.328 0.150 1.179
SAS 0.182 1.435 0.371 1.063
Sabena 0.185 1.129 0.376 0.753
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3.7 Conclusions

I n  th is  chap te r we have exam ined the  p ro d u c tiv it ie s , efficiencies, and m arke t conduct 

o f  f irm s  in  th e  European a ir lin e  industry . W e have found w h a t appears to  be con­

vergence in  several o f the m a jo r sources o f fa c to r  p ro d u c tiv ity  to  the s tandard o f the  

un reg u la ted  in d u s try  in  the U.S., ine ffic iency d ifferentia ls th a t  are subs tan tia lly  m od­

e ra ted  b y  th e  com pe titive  pressures induced  by  measures p u t in  place th rough  the  

E u ropean U n ion , and l i t t le  evidence th a t c o m p e titive  p r ic in g  is v io la ted  on  average. 

W h e th e r o r no t selected firm s in  the  in d u s try  axe candidates fo r takeover o r  what po­

te n t ia l exists fo r  selected firm s to  jo in  in  s tra teg ic  alliances, mergers, a n d /o r  s im ple 

code-sharing arrangements is n o t explored in  th is  paper. I t  would appear, however, 

th a t  a com b in a tion  o f aggressive cos t-cu tting , exp lo ita tio n  o f  th e  p roduc tion  capacity 

o f  low er-cost U.S. carriers and m arke ting  a lliances w i l l  con tinue to  d rive  th e  European 

in d u s try  as th e  d yna m ic o f the  co m pe titive  m a rke t continues to  ra tiona lize  a irlin e  f irm  

decis ion-m aking .
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Chapter 4 

A Model of World Aircraft Demand

In  th is  chap ter, we ou tline  a procedure th a t examines a irfram e and engine innova­

tions and th e  benefits o f those innovations th a t accrue to  equipm ent m anufacture rs , 

a irlines and passengers. We focus on the  gross characteristics o f an a irfram e /eng ine  

com b ina tion : its  size and ope ra ting  characteristics as w e ll as more de ta iled  charac­

te ris tics  o f an a ir lin e ’s fleet and in d iv id u a l a irc ra ft w ith in  i t  (e.g., im proved  avionics 

o r  benefits o f m aintenance th a t results fro m  fleet s tandard ization). T he  benefits th a t 

occur th rough  a lte rin g  the  m enu o f p o te n tia l a ircra ft choices w ill be measured on  

b o th  a ca rrie r specific and in dus try -w ide  level o f aggregation.

W e es tim a te  the  demand fo r  bo th  passenger and cargo services prov ided  by  each 

m a jo r  in te rn a tio n a l ca rrie r’s network. W e lin k  the  carrier specific dem and schedules to  

a  cost analysis o f  the  carriers in  te rm  o f the  prices o f the  f irm s ’ factors o f p rodu c tion—  

labo r, fuel, m a te ria ls , and f lig h t equipm ent. F lig h t equ ipm ent w ill be m odeled in  an 

especia lly d e ta ile d  way by  inco rpo ra ting  characteristics o f the a irc ra ft.

O ur cost m o d e l is used to  generate derived demand schedules fo r  the  factors o f 

p roduc tion , in  p a rtic u la r f ly in g  cap ita l. T he  demand schedules w il l  be functions o f 

th e  price  o f th e  fac to r o f p roduction , prices o f o ther factors (fo r f ly in g  ca p ita l energy 

prices w ill be o f pa rticu la r in te rest), characteristics o f the  a ircra ft used by the a ir lin e  

system , and th e  level o f passenger and cargo service.

O ur research is bo th  comprehensive and m ethodolog ica lly  innovative. We look a t 

b o th  the e v o lu tio n  o f the dem and and cost s tructu re  o f th e  in te rna tiona l a irline  firm s  

in  Europe, N o r th  Am erica and Asia in  response to  the in teg ra tion  processes underw ay 

and the p o te n tia l fo r expansion o f a ir services in  the Pacific  R im .
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We describe previous studies on a irlin e  cost in  section 4.1. T h e  data is described 

in  section 4.2. Section 4.3 describes th e  demand functions th a t we estim ate using the 

w orld  d a ta  set. T he  cost fu n c tio n  is explained in  section 4.4. T h e  forecasts o f the 

num ber o f a irc ra ft in  a p a rtic u la r ca rrie r’s fleet are given in  section 4.5. Section 4.6 

concludes.

4.1 Previous Research

C apta in  (1993) and R oe lle r and Sickles (1994) have studied s ta tic  and dyna m ic  de­

m and and supply m odels fo r  the  European in d u s try  from  1976 to  1990. P roduction  

and cost da ta  on th e  e igh t largest European carriers— A ir  France, A lita lia , B ritis h  

A irw ays, Iberia , K L M , Lufthansa, Sabena, and SAS— are l in k ed to  demand data  for 

the same period  co llected  fo r  the  respective countries— France, Ita ly , G reat B r ita in , 

Spain, Netherlands, G erm any, B e lg ium  and the  three Scandinavian countries, Den­

m ark, Sweden, and Norway. The  dem and facing f irm  k  ( fro m  coun try  k ) a t tim e  t 

is

log Qkt — 00 + Pkt + P2 father,t +  PzPTail,kt

+/?4-fsas,Jfct +  PsGDPkt +  @6 A  log CoTlSkt +  £kti (4-1)

where P  is the average ow n-ticke t price, P0ther is index fo r the  o ther n  — 1 firm s ’ 

prices, Prau is the p rice  o f ra il trave l, Pgas is the  re ta il p rice  o f gasoline (used as a 

p roxy fo r  car trave l expenses), G D P  is the gross domestic p ro d u c t, and A  log Cons 

is the g row th  rate in  consumer expenditures. T h e ir  findings were based on a demand 

q u a n tity  variab le th a t corresponds to  a carrier’s annual revenue to n  kilom eters. The 

European data  were collected fro m  the  In te rna tiona l Energy Agency, th e  OECD, 

and fro m  Jane’s W o rld  Railways. T he  gasoline prices and g ro w th  rate o f consumer 

expend itu re  fo r D enm ark, Sweden, and Norway were weighted b y  the ir respective
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G D P ’s in  o rd e r to  create s ingle representative indices fo r the  Scandinavian countries 

th a t  share a 50% e q u ity  stake in  SAS.

A  stochastic  fro n tie r  cost fu n c tio n  (T C ) was specified as a nonhom othe tic  translog 

in  fac to r prices o f labor, planes, and m ateria ls  ( in c lud ing  energy), average stage 

le ng th , load fa c to r, ne tw o rk  size, w ith  add itive  trea tm ents fo r percentage o f fleet th a t 

is  w ide-bodies and tu rb o p ro p . A  non linear system  o f cost, shares, and a behaviora l 

equa tion  th a t  a llow ed fo r  dev ia tions in  m arg ina l cost p ric in g  was es tim ated  jo in t ly . 

E stim ates o f  th e  technolog ica l parameters o f in terest (re tu rns  to  scale, su b s titu tio n  

e las tic ities , e tc .) were com parable to  those fo r U.S. carriers. Dem and e lastic ities  in d i­

ca ted  th a t a ir  tra v e l is e lastic  ( —1.483 w ith  a t-s ta tis tic  o f —8.93). O n the  aggregate 

in d u s try  leve l, th e  cross-price e la s tic ity  (2.33 w ith  a t-s ta tis tic  o f 8.94) in d ica ted  th a t 

a l l  th e  a irlines were close substitu tes  and th a t th e  level o f p roduc t d iffe re n tia tio n  was 

m in im a l. T h e  cross-price e la s tic ity  fo r ra il tra ve l was also re la tive ly  la rge (5.47 w ith  

a  t-s ta t is t ic  o f  3.34). T h e  es tim a ted  conduct param eter was 0.042 w ith  a t-s ta tis t ic  

o f  0.64, in d ic a tin g  no evidence o f m onopoly power. However, despite the  popu la r 

b e lie f th a t c o m p e tit io n  m a rg in a lly  increased in  the European in d u s try  a fte r 1983, 

th e  m arkups (P -M C ) rose fro m  0.98% o f average fares in  1982 to  8.99% in  1986. 

E lsewhere (G ood  e t al., 1992, 1993a,b, 1994, 1995; Park e t al., 1993) the  re la tive  

e ffic iency differences between European and A m erican a irlines have been found  to  be 

in  th e  range o f 15—18% fo r th e  1976-86 period. The re la tive ly  h igher prices charged 

b y  European carrie rs m ay thus be due to  the  need to  cover the  p a r t ia lly  subsidized 

losses due to  th e  techn ica l inefficiencies engendered by  the pro tected n a tio n a l ca rrie r 

s ta tus  g iven to  these firm s  (excepting B r it is h  A ir )  du ring  the  period  1976-86 and 

n o t to  th e ir  a b i l i ty  to  e x p lo it th e ir  m arke t power. T h e ir  results also p o in t to  cost 

reductions on  the  order o f 28% fo r w ide-bodied a irc ra ft w h ile  costs fo r tu rbop rop  

a irc ra ft are on the  order o f 35% higher given a network configura tion  th a t had the
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same stage le ng th  and netw ork size. C om parable m odels fo r the  U .S. in d u s try  require 

hub specific  dem and factors as w e ll as the  percentage o f o r ig in a tin g  passengers th a t 

trave l fro m  a hub on a p a rticu la r ca rrie r (fo r recent com prehensive studies o f c ity -p a ir  

dem and see, e.g., Borenste in and Rose, 1992; B rueckner and S p ille r, 1992).

4.2 Data

O ur a ir lin e  da ta  set consists o f a panel o f the la rgest a ir  carrie rs fro m  Asia, Europe 

and N o rth  A m erica . These carriers supp ly  app rox im a te ly  85 percen t o f the  scheduled 

passenger tra ff ic  in  the  w orld . The carriers and countries are presented in  Table 4.1. 

These carriers axe followed w ith  annua l observations fro m  1976 th ro ugh  1994. A  

com plete discussion o f the  data appears in  A p p e n d ix  B.

4.3 Demand Equation

W e develop a specific m odel o f the in te rn a tio n a l dem and fo r an a ir l in e  f irm ’s p rovis ion 

o f passenger and cargo service. D em and fo r a ca rr ie r ’s service is d rive n  by the car­

r ie r ’s p rice  (measured b y  the average tic ke t p rice  fo r fligh ts  on ca rr ie r i )  and the size 

and econom ic p rospe rity  o f the m arke t measured by  popu la tion , p e r cap ita  income, 

and la b o r force p a rtic ip a tio n  rate. T h e  period under consideration is 1977 to  1992. 

D em and is defined as
J V - l

log Ytk =  a  +  a,-CARRIER,- +  Py log P r ,tk
:'= 1

+ P p o p  log POPtk +  A 3c i log P C Itk

+@LFP log LFP tk +  £tk> (4.2)

where Y  is revenue passenger m ile  o rig in a tin g  a t t im e  t in  fo r ca rrie r k, Py,tk is the 

average t ic k e t p rice  fo r service o rig in a tin g  at t im e  t  fo r carrie r k, POPfjt is the popu­

la tio n  a t t im e  t o f coun try  fc, PCItk is the  per cap ita  income a t t im e  I  o f coun try  k,
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T a b le  4 .1  L is t o f Carriers and Countries by Geographic Area

Europe
Sabena (Belg ium ) F in n a ir  (F in land)

A ir  France (France) Lu fthansa  (Germ any)
A lita l ia  ( Ita ly ) K L M  (Netherlands)

T A P  (Portugal) SAS (Sweden, Norway, D enm ark) 
Ib e ria  (Spain) Sw issair (Switzerland)

B r it is h  A ir  (U n ite d  K ingdom )

A sia
Q ant as (A ustra lia ) 

Ind ia na  A irlines (Ind ia ) 
Japan A s ia  A irways (Japan) 

A ir  New Zealand (New Zealand) 
P h ilipp ines  A irlines (P h ilipp ines) 

S IA  (Singapore)

A ir  Ind ia  ( In d ia ) 
Garuda (Indonesia)

JA L  (Japan)
A ir  Pakistan (P ak is tan ) 

K A L  (Korea)
T h a i In te rna tiona l (T h a ila n d )

N o rth  A m e rica
A ir  Canada (Canada) 

A m erican  (U n ited  States) 
C on tinen ta l (U n ited  States) 

Eastern (U n ited  States) 
Pan A m  (U n ited  States) 
U n ite d  (U n ited  States)

C P A ir  (Canada) 
U S A ir (U n ited  States) 
D e lta  (U n ited  States) 

Northwest (U n ited  States) 
T rans W orld (U n ited  States) 

W estern (U n ited  States)
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LFPffc is th e  labor force p a rtic ip a tio n  ra te  at t im e  t  fo r co u n try  k. The  C A R R IE R ,- 

represents the  conventional trea tm en t fo r  f irm  fixe d  effects. T h is  equation was es­

t im a te d  fo r  Europe, Asia and N o rth  A m erica  separately. The countries inc luded  in  

these areas are shown in  Table 4.1.

E q u a tio n  4.2 was estim ated using o rd in a ry  least squares (O L S )1. Estim ates fo r the  

three w o rld  demand equations are shown in  Table 4.2. The estim ates from  these three 

equations do not seem to  be reasonable, g iven previous studies. T h e  Europe equa tion  

has a p rice  variab le th a t is ins ign ifican t and the sign on the  pop u la tion  variab le  is 

negative, w h ich  is n o t expected. For Asia, we have price  hav ing  a pos itive  effect on

demand. F u rthe r, th e  sign on the la bo r force p a rtic ip a tio n  ra te  is not w hat we w ou ld

expect. For the  N o rth  Am erican dem and estim ation, the  population, variab le is q u ite  

large. These poor estim ate could stem  fro m  aggregation o f the da ta  and fro m  o m itte d  

variab le  bias in  the demand equation. W e would expect th a t less aggregated data  

th a t in c lud ed  a irp o rt to  a irp o rt tra ve l w ould im prove  the  estim ates. Also, hav ing  a 

variab le  fo r com petito rs ’ prices on com peting routes could o n ly  im prove  the  q u a lity  

o f the  estim ates.

4.4 Cost Equation

Cost fu n c t io n  estimates for the  a irline  in d u s try  are necessary to  p red ic t fleet size. We 

do th is  under two d iffe rent sets o f assumptions:

•  T h e  carriers are cost m in im izers.

•  T h e  carriers are p ro fit m axim izers.

1OLS estimation, of a least squares dummy variable (LSDV) model such as (4.2) allows for correlation 
between the regressors and the effects.
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T a b le  4 .2  D em and E q ua tion  Param eter Estim ates

Europe
Param eter

V a riab le E s tim a te T  Va lue
Price -0.121 -1.423
P opu la tion -2.646 -13.173
Incom e 2.721 13.154
Labor Force 0.0137 5.533

R 2 value 0.9813

A sia
Param eter

V ariab le E s tim a te T  Va lue
Price 0.290 3.715
P opu la tion 1.398 5.112
Incom e 1.579 10.840
Labor Force -0.007 -2.115

R 2 value 0.9735

North. A m erica
Param eter

V a riab le E s tim a te T  Va lue
Price -0.682 -2.963
P opu la tion 6.511 3.320
Incom e 1.046 1.241
Labor Force 0.010 1.736

R 2 value 0.8534
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U n d e r cost m in im iza tio n , o u tp u ts  are taken to be exogenous. W ith  p ro fit m ax im iza ­

t io n , ou tpu ts  are endogenous variables. These d iffe ren t assumptions w ill affect how 

o u r cost model w i l l  be estim ated . Th is  w i l l  be expla ined in  the sections below.

W e use a translog fu n c tio n a l fo rm  fo r our cost equations. T h is  is the most w ide ly  

used o f the flex ib le  fu n c tio n a l form s (Green, 1993). T he  translog functiona l fo rm  

was in troduced  b y  Christensen, e t a l., (1973) as a p roduc tion  fu n c tio n  th a t d id  not 

im pose h o m o the tic ity  o r separab ility . However, we do impose h o m o th e tic ity  in  the 

cost function . We also im pos ing  sym m etry  o f the cross-price derivatives.

4 .4 .1  C ost M in im iza tio n

A fte r  we impose sym m etry, th e  cost func tion  is given by

log C  =  +  log P i +  J 2 Y ,  log Pi log P i +  ^  log2 Pi
t '= l j > i  1=1 Z t = l

+  X )  Tt- log  +  Tit log2 Yi +  7 1 2  log Yx log Y2
i = i  i = i

+ d A log Pk  log AA +  Ss log Pk log AS 

+S jP J  log  pk +  8wPW  logpk +  log SL
36

+/3if log  L F  -f X ) cciAIRi +  ec (4.3)
i= i

w here p,- is the i th in p u t p rice , Y{ is one o f the two ou tpu ts  (scheduled ou tpu t, non­

scheduled and in c ide n ta l o u tp u t) ,  A A  is the average age o f an a irfram e in  m onths, 

AS is the  average size in  seats o f the  fleet, PJ is the  percentage o f the  fleet th a t are 

je t  a irc ra ft, P W B  is the  percentage o f th e  fleet th a t are w ide-body a irc ra ft, SL is the 

stage length, and L F  is th e  load  factor.

T he  a.iA IR i  represent f ix e d  f irm  effects in  the cost equation. These f irm  effects 

can be given the  reduced fo rm  in te rp re ta tio n  of o m itte d  variables th a t are specific to  

the  f irm  and disp lay l i t t le  v a r ia b il ity  over the sample period, or can be given a m ore
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s tru c tu ra l in te rp re ta tio n  as tim e -inva ria n t techn ica l ineffic iencies fro m  a stochastic 

fro n tie r  cost fu n c tio n  (Schm idt and Sickles, 1984; Cornw ell, e t a l., 1990).

T he  cost shares m ust add to  u n ity  and we m ust have lin e a r hom ogeneity in  inpu t 

prices. The  fo llo w in g  restric tions are app lied  to  impose these cond itions on the cost 

fu n c tion :

£ f t  = i ; E f* = o; Y .  s< = ° (*•*)

O ur res tric tions  do no t affect th e  way th a t outputs, o u tp u t characteristics, cap ita l 

o r  its  characteristics enter in to  th e  in p u t share equations. F u rth e r, we s t i l l  can con­

s tru c t shadow prices o f the  o u tp u t and technology a ttr ib u te s , b u t we assume th a t any 

v a ria tio n  in  these shadow prices due to  varia tions in  measured ou tp u ts , the quasi-fixed 

c a p ita l stock, o r in  o the r a ttr ib u te s  have second-order effects th a t  can be neglected 

o r  do no t change appreciably d u r in g  the  sam ple period.

T he  cost share o f cap ita l is g iven  by

4

Sk =  /3k +  J2 Sih log  Pi +  8A log AA
t= i

+ d s  log AS +  SjPJ -f- 6wPW. (4-5)

S um m ary s ta tis tics  based on th e  trans log  and its  associated share equations are- 

p rov ided  by  th e  A llen-Uzawa, M o rish im a  and own- and cross-price su b s titu tio n  elas­

t ic it ie s , and several measures o f re tu rns to  scale tha t ex tend  fro m  the short-run  to 

th e  long-run. T he  A llen-U zawa e lastic ities o f su bs titu tion  and ow n-price elasticities 

are g iven by

n £>ij + S{Sj

Bii =  ~ s ^ r

e« =  S« +  S‘ V - S‘\  (4.6)
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M orish im a  e lastic ities  are g iven by

07/ =  (9ji -  On)Si, i  j .  (4.7)

The own- and cross-price e lastic ities are

e.v =  OnSi

eij =  0,jSj, i  7^ j  (4.8)

Cji — OijSi, i  7^ j .

Before we do any  es tim a tion , we norm alize the da ta  so tha t a ll th e  variables 

are u n ity  a t the  da ta  m edian. We estim ate each o f these cost functions using the 

cost fu n c tio n  and a ll b u t one (m ateria ls) o f the  cost share equations us ing  ite ra ted  

seem ing ly  unre la ted  regression (IT S U R ). A sym p to tica lly , upon convergence, IT S U R  

w il l  be equ ivalent to  the  m a x im u m  like lihood estimates, th a t are in v a ria n t to  th a t 

cost share equation  we leave ou t o f the estim ation . In  a d d itio n  to the  res tric tions  

imposed fo r linea r hom ogene ity  in  inpu t prices, we re s tr ic t the  price  variables to 

equal the mean o f th e  da ta  fo r the  variable. T h e  param eter estim ates (e xc lud ing  the 

fixed  effects), re tu rns  to  scale and e las tic ity  estimates are found  in  Tables 4.3, 4.4.1, 

4.4.1, 4.4.1 and 4.4.1.

These equations p roduced estimates th a t are reasonable. The f it te d  fu n c tio n  is 

concave in  prices a t th e  m ean o f the data as required. T he  func tion  is concave at

99.6% o f the  da ta  po in ts . A lso, the  f it  o f the  m odel is q u ite  good, w ith  a system

weighted R 2 value o f 0.9672.

4.4 .2  P rofit M a x im iz a tio n

Under p ro fit  m a x im iza tio n , companies o p tim a lly  choose ou tp u ts  given a set o f in p u t 

prices. T h is  means th a t  o u tp u t is no longer exogenous and we m ust use a d iffe rent
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T a b le  4 .3  Cost E qua tion  Param eter Estim ates U nder Cost M in im iz a tio n

Param eter
V a riab le E stim a te T -R a t io

L a b o r price 0.286 na
L a b o r price squared 0.008 1.117
L a b o r x  energy -0.010 -2.369
L a b o r x  m ate ria ls 0.007 1.089
L a b o r x  cap ita l -0.005 -1.386
E nergy price 0.202 na
E nergy price  squared 0.037 7.804
E nergy  x  m ate ria ls -0.007 -1.187
E nergy x  ca p ita l -0.020 -6.728
M ate ria ls  price 0.429 na
M ate ria ls  p rice  squared 0.010 1.058
M ate ria ls  x  ca p ita l -0.011 -3.166
C a p ita l price 0.083 na
C a p ita l p rice  squared 0.036 11.848
Scheduled dem and 0.908 33.028
Scheduled dem and squared 0.062 1.504
Nonscheduled dem and 0.016 2.542
Nonscheduled dem and squared 0.011 2.333
Scheduled x  nonscheduled dem and -0.032 -3.033
Stage length 0.137 3.061
Load facto r -0.533 -4.765
Average seats 0.004 0.866
Average age 0.022 4.605
Percentage je ts -0.014 -6.075
Percentage w ide-bodied a irc ra ft -0.012 -2.465

Returns to  Scale is 1.082

T a b le  4 .4  F itte d  Share E quation  Values a t 
D a ta  M ean U nder Cost M in im iz a tio n

Labor Share 0.286
Energy Share 0.202
M ate ria ls  Share 0.429
C a p ita l Share 0.066
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T a b le  4 .5  A llen -U zaw a P a rtia l E lastic ities  o f 
S u b s titu tio n  a t D a ta M ean Under C ost M in im iza tio n

Labor E nergy M a te ria ls  C aptia l
Labo r -2.393 X X X

Energy 0.819 -3.036 X X

M ate ria ls 1.060 0.922 -1.274 X

C a p ita l 0.729 -0.511 0.629 -5.902

T a b le  4 .6  P rice  E las tic ities  a t D a ta  M ean U n de r Cost M in im iz a tio n

Labor E nergy M a te ria ls C aptia l
L abo r -0.685 0.165 0.455 0.048
E nergy 0.235 -0.613 0.396 -0.034
M ate ria ls 0.303 0.186 -0.547 0.042
C a p ita l 0.209 -0.103 0.270 -0.392

T a b le  4 .7  M o rish im a  P a rtia l E las tic ities  o f 
S u b s titu tio n  at D a ta  M ean Under C ost M in im iza tio n

Labor E nergy M a te ria ls C aptia l
Labor X 0.920 0.871 0.894
Energy 0.778 X 0.799 0.509
M ate ria ls 1.002 0.943 X 0.817
C a p ita l 0.440 0.358 0.433 X
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m ethod  to  es tim a te  the  cost func tion  above. We keep th e  same no rm a liza tion  and 

the  re s tr ic t io n  on  the  param eter estimates. T he  es tim a tion  procedure we use is a 

m o d ifica tio n  o f ite ra te d  three-stage lease squares(I3SLS).

W ith  I3SLS, r ig h t hand side endogenous variables are replaced by th e ir  predicted 

value fro m  a regression on these variables on a set o f instrum ents. W e have five such 

r ig h t hand  side endogenous variables in  ou r cost function , and the pred icted  values 

were no t as good as desired. Therefore, we ran OLS using the  log o f one o f the  two 

ou tpu ts  and an th e  ins trum en t set as the set o f regressors. W ith  the pred ic ted  values 

fro m  these regressions, we constructed the squared- and cross-output variables. The 

results are show n in  tables 4.8, 4.4.2, 4.4.2, 4.4.2 and 4.4.2.

T he  pa ram e te r estim ates found under the  assum ption o f p ro fit m ax im iza tion  

shou ld  be questioned. T he  f it te d  func tion  meets the  requirem ent th a t i t  be con­

cave in  prices a t the  mean o f the  data, and is concave a t 98.8% o f th e  data  po in ts. 

T h e  f i t  o f the  m ode l is good, w ith  a system weighted R2 value o f 0.9104.

4.5 Prediction

To p re d ic t th e  num ber o f a irc ra ft th a t w ould  be in  a p a rticu la r ca rrie r’s fleet over a 

period , we do th e  fo llow ing:

•  P red ic t th e  g row th  o f service demand over the pe riod  using an estim ated de­

m and  fu n c tio n ;

•  P re d ic t th e  change in  to ta l cost per carrier over the  tim e  pe riod  using our 

p red ic ted  dem and g row th  and an estim ated cost func tion ;

•  Use th e  c a p ita l share equation to  p red ic t what the to ta l cap ita l expense w i l l  be 

over th e  period ;
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T a b le  4 .8  Cost Equation Param eter E s tim a tes  U nder P ro fit  M a x im iza tio n

Param eter
Variab le E stim a te T -R a tio

Labo r price 0.287 na
Labo r price  squared -0.018 -1.589
Labor x  energy -0.024 -4.440
Labor x  m ateria ls 0.053 5.312
Labor x  cap ita l -0.011 -2.574
Energy price 0.204 na
E nergy price squared 0.039 8.313
E nergy x  m ateria ls 0.004 0.659
E nergy x  cap ita l -0.019 -6.301
M ate ria ls  price 0.426 na
M ate ria ls  price squared -0.046 -3.768
M ate ria ls  x  cap ita l -0.011 -3.081
C a p ita l price 0.082 na
C a p ita l price squared 0.040 13.154
Scheduled demand 0.884 19.494
Scheduled demand squared 0.407 9.634
Nonscheduled dem and -0.009 -0.771
Nonscheduled dem and squared 0.011 2.846
Scheduled x  nonscheduled dem and -0.025 -1.143
Stage length 0.014 0.182
Load factor -0.464 -2.353
Average seats 0.003 0.590
Average age 0.019 4.022
Percentage jets -0.013 -5.856
Percentage w ide-bodied a irc ra ft -0.009 -1.849

Returns to  Scale is 1.132

T a b le  4 .9  F itte d  Share E q u a tio n  Values at 
D ata M ean Under P ro fit  M a x im iz a tio n

Labor Share 0.287 
Energy Share 0.204 
M ateria ls Share 0.426 
C a p ita l Share 0.068
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T a b le  4 .10  A llen -U zaw a P a rtia l E lastic ities o f 
S u b s titu tio n  a t D a ta  M ean U nder P ro fit M a x im iza tio n

L a b o r Energy M ate ria ls  C a p tia l
L a b o r -2.702 X X X

E nergy 0.589 -2.966 X X

M ate ria ls 1.429 1.045 -1.597 X

C a p ita l 0.456 -0.348 0.628 -5.060

T a b le  4 .11  P rice  E las tic itie s  a t Data M ean U nder P ro fit M a x im iza tio n

L a b o r Energy M ateria ls C a p tia l
L a b o r -0.775 0.120 0.609 0.031
E nergy 0.169 -0.606 0.446 -0.024
M a te ria ls 0.410 0.213 -0.681 0.042
C a p ita l 0.131 -0.071 0.268 -0.342

T a b le  4 .12  M o rish im a  P a rtia l E lastic ities o f 
S u b s titu tio n  a t D a ta  M ean U nder P ro fit M a x im iza tio n

L a b o r Energy M ateria ls C a p tia l
L a b o r X 0.944 0.989 0.906
E nergy 0.726 X 0.819 0.535
M a te ria ls 1.290 1.127 X 0.949
C a p ita l 0.373 0.319 0.385 X
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•  T he  num ber o f planes in  a pe rio d  is equal to  the  to ta l expend itu re  on  ca p ita l 

d iv id e d  by the cost per plane.

I t  shou ld  be noted th a t we assume th a t cap ita l prices remain constant over th e  pe­

rio d . A  baseline scenario is used to  evaluate the  model. O ther scenarios are easily 

im p lem en ted  and can be used to  forecast a irc ra ft demand w ith  any num ber o f shocks. 

T h e  baseline changes in  variables is g iven in  Table 4.13.

F rom  ou r estimates shown in  Table 3, th is  scenario leads to  an annual service 

increase o f 3.64% in  Asia, 1.98% in  Europe, and 8.32% in  N orth  A m erica  (see Tables 

8—13). These numbers do not seem as reasonable as we would have hoped. The  

3.64% service increase in  Asia is below  the  observed grow th rate o f 10% in  a ir  trave l. 

T h e  increase in  demand in  N o rth  A m erica  is m uch too high when com pared to  o the r 

studies. Obviously, th is  w il l  affect th e  q u a lity  o f the forecast o f th e  fleet size.

W ith  these demand estimates in  hand, we can use our estim ated cost fu n c tio n  

and c a p ita l share equation(s) to  forecast fu tu re  a irc ra ft demand. W e do th is  by  f irs t 

fo recasting  to ta l cost and cap ita l share. C ap ita l expenditure can then be found. 

A irc ra f t  in  a fleet is then  ju s t the ca p ita l expenditure  d iv ided by  th e  cap ita l price .

T a b le  4 .13  Baseline V ariab le  Rates o f Change

Percentage
Variab le  Change
T icke t P rice  —0.75
Per C a p ita  Incom e 2.55
P opu la tion  G row th  0.94
Labor Cost —1.60
Energy Cost 1.05
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4 .5 .1  C ost M in im ization

U sing the  cost m in im ization procedure, we p red ic t a 1.58% increase in  planes in  

Europe, a 3.10% increase in  Asia , and a 7.65% increase in  N o rth  A m erica . These 

results are being biased by th e  demand results. The 7.65% increase in  fleet size in  

N o rth  A m erica  is about two tim es as large as pred icted in  previous studies th a t looked 

o n ly  a t th e  US. Also, since the  Asia  dem and g row th  seems to  be too low , g row th  in  

flee t size w o u ld  be biased downward. T h e  pro jected  num ber o f to ta l a irc ra ft, by  

region, are g iven in  tables 4.14 th rough  4.16.

4 .5 .2  P ro fit M axim ization

F or p ro f it  m ax im iza tion , our m odels d id  n o t perfo rm  as w e ll as we w ou ld  have liked . 

For exam ple, we pred ict a 2.06% increase in  planes in  Europe, a 4.36% increase in  

A sia , and a 12.6% increase in  N o rth  A m erica . As w ith  the  cost m in im iz ation , the  

results also re ly  on questionable demand functions. T he  pro jected number of to ta l 

a irc ra ft, b y  region, is given in  tables 4.17 th ro ugh  4.19.

4.6 Conclusions

Tn th is  essay, we develop a m e thod  to forecast fleet size in  the in te rna tiona l a irline  

in d u s try . The  m odel uses a demand m ode l fo r a ir trave l and links th is  to  a cost 

m ode l fo r a ir trave l p roduction. From  derived demand equations fo r th e  factors o f 

p rodu c tion , we can predict flee t size g iven any num ber o f possible scenarios. O u r 

m e thod  allows fo r endogeneity o f outputs.

W h ile  our cost model seems to  be adequate, our demand data is som ewhat lack­

ing . O u r estimates o f demand grow th seem unreasonable. Less aggregated w orld  

dem and da ta  m ay be necessary to  successfully forecast demand growth. T ic k e t prices

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

T a b le  4.14 Total European Aircraft Demand and Air
Travel Demand Under Cost Minimization

N um ber o f Scheduled Non-scheduled
Yeax A irc ra ft Service Service
1997 1256.29 32965811.36 3983023.17
1998 1276.04 33619911.04 4062053.37
1999 1296.15 34286989.23 4142651.65
2000 1316.60 34967303.40 4224849.16
2001 1337.35 35661116.23 4308677.58
2002 1358.47 36368695.51 4394169.33
2003 1379.95 37090314.40 4481357.38
2004 1401.77 37826251.47 4570275.40
2005 1423.97 38576790.83 4660957.69
2006 1446.53 39342222.21 4753439.28

T a b le  4.15 T o ta l A s ian  A irc ra ft Demand and A ir  
Travel Dem and U n de r Cost M in im iza tio n

N um ber o f Scheduled Non-scheduled
Yeax A irc ra ft Service Service
1997 684.49 28868095.58 3187401.66
1998 705.69 29918593.76 3303389.90
1999 727.58 31007319.12 3423598.91
2000 750.16 32135662.75 3548182.28
2001 773.44 33305066.32 3677299.15
2002 797.47 34517024.04 3811114.57
2003 822.27 35773084.38 3949799.48
2004 847.86 37074852.27 4093531.05
2005 874.26 38423990.94 4242492.97
2006 901.50 39822224.22 4396875.54
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T ab le  4 .16 Total North. American Aircraft D em and and
A ir Travel Dem and Under Cost M inim ization

N um ber o f Scheduled Non-scheduled
Year A irc ra ft Service Service
1997 4993.28 115760228.11 2897669.36
1998 5373.53 125386999.54 3138643.32
1999 5783.16 135814345.81 3399656.99
2000 6224.45 147108843.78 3682376.89
2001 6699.86 159342606.94 3988608.14
2002 7212.12 172593745.78 4320306.00
2003 7764.06 186946866.60 4679588.27
2004 8358.87 202493611.61 5068748.96
2005 8999.84 219333244.23 5490272.71
2006 9690.62 237573282.63 5946850.93

T a b le  4 .1 7  T o ta l Europe A irc ra ft Dem and and  A ir  
T rave l Dem and Under P ro fit M a x im iz a tio n

N um ber o f Scheduled Non-scheduled
Year A irc ra ft Service Service
1997 1275.92 32965811.36 3983023.17
1998 1301.46 33619911.04 4062053.37
1999 1327.71 34286989.23 4142651.65
2000 1354.69 34967303.40 4224849.16
2001 1382.42 35661116.23 4308677.58
2002 1410.94 36368695.51 4394169.33
2003 1440.26 37090314.40 4481357.38
2004 1470.40 37826251.47 4570275.40
2005 1501.41 38576790.83 4660957.69
2006 1533.28 39342222.21 4753439.28
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T a b le  4.18 Total Asian Aircraft Demand and Air
Travel D em and Under Profit Maximization

N um ber o f Scheduled Non-scheduled
Year A irc ra ft  Service Service
1997 713.39 28868095.58 3187401.66
1998 743.16 29918593.76 3303389.90
1999 774.59 31007319.12 3423598.91
2000 807.71 32135662.75 3548182.28
2001 842.64 33305066.32 3677299.15
2002 879.51 34517024.04 3811114.57
2003 918.43 35773084.38 3949799.48
2004 959.52 37074852.27 4093531.05
2005 1002.91 38423990.94 4242492.97
2006 1048.79 39822224.22 4396875.54

T a b le  4 .1 9  T o ta l N o rth  A m erican  A irc ra ft D em and and 
A i r  T ravel D em and U nder P ro fit M a x im iza tio n

N um ber o f Scheduled Non-scheduled
Yeax A irc ra ft Service Service
1997 5509.93 115760228.11 2897669.36
1998 6146.73 125386999.54 3138643.32
1999 6873.97 135814345.81 3399656.99
2000 7706.01 147108843.78 3682376.89
2001 8659.77 159342606.94 3988608.14
2002 9755.15 172593745.78 4320306.00
2003 11015.62 186946866.60 4679588.27
2004 12468.82 202493611.61 5068748.96
2005 14147.47 219333244.23 5490272.71
2006 16090.34 237573282.63 5946850.93
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fro m  p a rtic u la r a irports, com petito rs  t ic k e t prices, and unem ploym ent da ta  w o u ld  

subs tan tia lly  im prove the  estim ates. W ith  a irp o rt specific data, we cou ld  in c lude  c ity  

dum m ies to  capture “ to u rism  effects.”  T he re  are problem s, however. Except fo r  the  

O E C D  countries, unem ploym ent data is ha rd  to  find . W h ile  i t  m ay be d iff ic u lt to  get 

b e tte r  data  on a ir trave l dem and, th is w i l l  be o f the  greatest benefit w ith  o u r m ode l, 

and we w i l l  be able to b e tte r p red ic t w o rld  a irc ra ft demand.

T he  a ir l in e in d u s try  is notorious fo r ordering equ ipm ent at po in ts  o f peak de­

m and, b u t ge ttin g  de live ry  a t a po in t when demand is slow. I f  one were to  take  

com m on approaches and assume th a t carriers have m yop ic  and naive expecta tions 

abou t fu tu re  demands fo r a ir  trave l, the negative corre la tion  between the  level o f new 

tra ff ic  and th e  num ber o f a irc ra ft deliveries w ould im p ly  irra tio n a l behavior on  the  

p a r t o f a irline  managers. O u r experience w ith  these short run  models is th a t th e y  do 

no t w o rk  w e ll and also ty p ic a lly  im p ly  negative shadow values o f increased ca p ita l. 

The re  axe several avenues th a t  we m igh t em ploy to  im prove  these tra d it io n a l m odels 

and ob ta in  m ore sensible results. F irs t we m igh t d ire c tly  incorporate the  lead t im e  

necessary to  acquire a new a irc ra ft. Th is  m ay prove d iff ic u lt  since there are d iffe ren t 

k inds o f m arkets fo r new equipm ent and  since vary ing  constraints axe im posed by 

in s titu t io n a l arrangements and changes in  ta x  law. For example, a ca rrie r has consid­

e rab ly  m ore f le x ib il ity  in  th e  d isposition o f owned equipm ent than e ithe r equ ipm ent 

acquired th rough  an opera ting  lease or cap ita lized lease. This is somewhat co m p li­

cated by  the  fac t th a t lead t im e  is a fu n c tio n  o f the  overa ll demand fo r equ ipm ent o f 

th a t p a rtic u la r size/fue l e ffic iency configuration.

Second, we m igh t m ore rea lis tica lly  capture  the  na tu re  o f expectations in  ou r 

models. F irm s use more th a n  a single period o f in fo rm a tion  in  developing th e ir  

expectations about fu tu re  demands. The  m odeling s tra tegy thus w ould be to  id e n tify  

a lag s truc tu re  o f past tra ff ic  demands in  the  construction  o f expectations regard ing
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fu tu re  demands. T h is  approach is concep tua lly  easier to  describe than  to  im p lem en t. 

Even fa ir ly  s ty lize d  and parsim onious la g  s truc tu res com plica te  the  f irm ’s o p tim a l 

con tro l p rob lem  g rea tly  and m ay necessitate the  use o f num erica l instead o f a n a ly tic  

solutions to  cons truc t equ ipm ent demands.

A  fin a l necessary de ta il fo r o u r m ode ling  approach is th a t i t  be able to  address a 

w ide  range o f characteristics o f the  fleet in c lu d in g  a behaviora l m odel th a t exp la ins 

w hy some o f these characteristics have been adopted and others passed over. N o t the  

least o f these considerations is th a t some innova tions have no t been available (such as 

the  use o f 800 passenger je t equ ipm ent, o r  ve ry  fue l e ffic ien t engines), a lthough th e y  

have been discussed fo r m any years. F u rth e r, i t  is clear th a t equ ipm ent is chosen to  

serve a p a r t ic u la r  rou te  s truc tu re .
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Chapter 5 

Bootstrap and Heteroscedasticity and 
Autocorrelation Consistent Covariance 

Estimators

5.1 Introduction

B o o ts tra p p in g  has become a powerful technique fo r  estim ating  sam pling d is tr ib u ­

tions  o f s ta tis tic s  since its  in tro d u c tio n  by  E fron  (1979). There are good reasons 

fo r  the  s u b s ta n tia l in te rest in  bootstrapp ing  methodologies. One is tha t i t  allows a 

researcher an a lte rn a tive  to  com puting asym p to tic  d is tr ibu tions  o f statistics th a t are 

in tra c ta b le . U n de r some regu la rity  cond itions, boo ts trapp ing  w ill provide d is tr ib u ­

tions  to  te s t s ta tis tics  and estim ators th a t axe at least as good as firs t-o rder asym p­

to tic s . Indeed, when bootstrapp ing  a s y m p to tic a lly  p ivo ta l statistics, boo ts trapp ing  

w i l l  p ro v id e  an asym p to tic  refinement over standard  firs t-o rder asym pto tic  theory 

(H a ll,  1992; H o row itz , 1997, 1999). M ansk i (1975, 1985), Hardle, et al. (1991), West

(1990), and  B ro w n  and Newey (1992), among others, have adopted the boo ts trap  as 

an a lte rn a tiv e  to  u t il iz in g  the  asym ptotic  d is tr ib u tio n .

B o o ts tra p p in g  procedures have been expanded to  cover the  case where errors 

are c o n d it io n a lly  heteroscedastic. L iu  (1988) in troduced  the “ w ild ” boo ts trap  by 

ex tend ing  a b oo ts tra pp ing  procedure proposed by W u  (1986). Hardle and M arron

(1991) and  H a rd le  and M am m en (1993) use th e  w ild  bootstrap in  nonparam etric  

regression.

The re  are also boo ts trapp ing  procedures to  cover the  case where there is tem pora l 

dependence in  th e  erro r s tructure . These m ethods are based on b locking the  data,
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and are d iv id e d  in to  m ethods tha t have non-overlapping or overlapp ing  blocks. Both 

methods were firs t suggested by H a ll (1985) fo r use w ith  sp a tia l da ta . For un ivaria te  

tim e  series data, C a rls te in  (1986) suggested non-overlapping blocks, while  Kunsch 

(1989) proposed overlapp ing blocks. H a ll, e t a l. (1996) suggest rules fo r op tim a l 

b lock le n g th  g iven ones objective o f the  boo ts trapp ing  procedure. P o litis  and Romano 

(1994) suggest using random  block lengths. T h e y  po in t ou t th a t fixed  block lengths 

causes n o n s ta tio n a r ity  in  the boo ts trapp ing  process.

W h ile  th e  w ild  boo ts trap  and b lock ing  procedures are a great im provem ent when 

dealing w ith  non -iid  errors, results ob ta ined fro m  these procedures w i l l  be m isleading 

when th e y  are used in  inappropria te  settings. For exam ple, th e  w ild  boo tstrap w ill 

not reproduce any t im e  dependence in  the e rro r s tructure . B lo c k  procedures w il l  not 

capture any  co n d itio n a l heteroscedasticity in  the  data. These problem s w ill produce 

unre liab le  results w hen e ither the w ild  or b lock bootstraps are used in  inappropria te  

settings.

Kernel-based heteroscedastic and autocorre la tion  consistent (H A C ) covariance 

m a tr ix  e s tim a to r axe alternatives to  boo ts trapp ing  t-s ta tis tics . T he  general covari­

ance s tru c tu re  can be estim ated by  a H A C  covariance m a tr ix  es tim a to r and therefore 

e lim ina te  th e  need fo r  bootstrapping. Hansen (1982), W h ite  (1984), G a llan t (1987), 

Newey and  West (1987), Robinson (1991), Andrews (1991), Andrew s and Monahan

(1992), and  Hansen (1992), among others, have u tiliz e d  kerne l estim ators to  produce 

H A C  covariance m a tr ix  estim ators. However, there are problem s w ith  the H A C  co- 

variance m a tr ix  estim ators as well. K e rne l based H A C  es tim a tion  has been shown to 

perfo rm  q u ite  p o o rly  in  certa in contexts (Andrews, 1991). A lso , these kernel-based 

estim ators w il l  converge a t rates slower than op(n -1^2).

D a ta  seldom d isp lay  on ly serial dependence or heteroscedasticity. E lements of 

bo th  are o ften  present. The specification o f co rre la tion  pa tte rns  and the s tructure
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o f variance heterogeneity on  a priori grounds is p rob lem atic . M oreover, samples axe 

ra re ly  la rge enough to  ju s t i fy  the  slow rates o f convergence w h ich  plague th e  H A C  

kernel-based a lte rna tives to  boo ts trapp ing . We also exam ine param etric  m ethods 

using inferences based on o rd in a ry  and generalized least squares. O u r results question 

the  robustness and usefulness o f boo ts trapp ing  procedures when the  data suffer from  

the  s tandard  problem s o f  seria l co rre la tion  and /o r he teroscedastic ity  which plague 

m ost econom etric  models.

The chap ter is organized as follows. In  section 5.2 we discuss the  bootstrapp ing 

procedures th a t have been proposed to  handle a va rie ty  o f  d a ta  generating processes. 

Section 5.3 ou tlines the  design o f a set o f M onte C arlo  s im u la tions com paring these 

various in fe re n tia l m ethods as w e ll as those based on conven tiona l asym pto tic  fo rm u ­

las, in  p a r t ic u la r  the  o rd in a ry  least squares and the generalized least squares estim a­

tors. Section 5.3.2 discusses th e  results o f the s im ulations.

5.2 Inferences Based on Bootstrapping and Kernel Based 

Procedures When the Data Exhibits Temporal Depend­

encies and Variance Heterogeneity

T hroughou t th is  paper we consider the  linea r regression m odel

Y  =  X j3  +  e, (5.1)

where Y  is N  x  1, X  is N  x  k, and e is IT  x  1. We assume th a t the regressors are 

s tr ic t ly  exogenous and th a t E(e) =  0, Cov(e) =  Cl.

5.2 .1  T h e  S tandard  B o o tstra p

T he  boo ts trap  in troduced  b y  E fron (1979) is qu ite  w e ll know n and easy to  im p le ­

m ent. E q u a tio n  (5.1) is f irs t  estim ated by  ord inary least squares (O LS) to ob ta in  the
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residuals

e =  Y - X P ,  (5.2)

These are used to  construct a boo tstrap  sam ple

Y * = X P  + r, (5.3)

where e* is an IV x  1 vecto r o f  residuals d raw n random ly, w ith  replacem ent, from  the  

OLS residuals ?. T he  na ive boo ts trap  estim ates /? as

/T  =  ( X ' X y ' X ’Y * .  (5.4)

B y  repeating the  cons truc tion  o f boo ts trap  da ta  sets th e  d is tr ib u tio n  o f the  param eter 

estim ates are constructed. V ariance estim ates a n d /o r confidence in te rva ls are based 

on th is  d is tr ib u tio n .

Le t F c be the  tru e  c u m u la tive  d is tr ib u tio n  fu n c tio n  (C D F ) o f the  errors e in  (5.1). 

I f  the  errors in  (5.1) axe iid ,  th e n  feasible nonparam etric  es tim a te  o f the  C D F  of e is

g iven  by th e  e m p irica l C D F  o f e where each residua l has a p ro b a b ility  o f j f .  I f  we

take  B  bootstraps fro m  the  e m p ir ica l C D F , where B  is s u ita b ly  large, then  for the  

bth boo ts trap ,

P ( K  =  SO =  (5.5)

Then,

E  (£ * )  =  E  ( ( X ' X ) - l X 'Y * )  =  p.

T he  variance o f the  boo ts trapped  residuals is

^  =  e ( ? ) 4 e 4 = ^ ,

where s2 =  Yln -i  en- T h e  boo ts trap  variance e s tim a to r differs fro m  the M L E

e s tim a to r under the  assum ption  o f n o rm a lity  by  o n ly  a scale facto r. In  th is ideal

case, the  s tandard  boo ts trap  does no t b u y  us m uch. However, i f  th e  assum ption o f 

n o rm a lity  can no t be made, th e n  the boo ts trap  is o f use.
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5.2 .2  T h e  P air B o o tstra p

In  cases where (5.1) have nonconstant variances, the  boo ts trap  can be im plem ented 

by resam pling observations (Y ,, X ) ra n d o m ly  w ith  replacem ent. Th is  is known as the  

pa ir boo ts tra p . E qua tion  (5.1) is f irs t estim ated  b y  OLS to  ob ta in

P =  (X 'X ) ~ xX 'Y .: (5.6)

Then, we construct a boo ts trap  sam ple ( Y m, X m) b y  resam pling observations w ith  

replacem ent. F rom  these boo tstrap samples, we o b ta in

/ r  =  ( X ,mX m) - 1X ,mY m. (5.7)

B y  repea ting  the  construc tion  o f boo ts trap  da ta  sets th e  d is tr ib u tio n  o f the  param eter 

estim ates are constructed. As w ith  the  s tandard  boo ts trap , variance estimates a n d /o r 

confidence in terva ls are based on th is d is tr ib u tio n . Since e in  (5.1) is assumed to  be 

heteroscedastic, the  s tandard  boo tstrap cannot be im p lem ented by resam pling OLS 

residuals independen tly  o f X .

5.2 .3  T h e  W ild  B o o tstra p

The w ild  boo ts trap  was o r ig in a lly  developed by L iu  (1988) to  deal w ith  the  prob lem  

o f re p lica tin g  a da ta  generating process in  w h ich variances are nonconstant.

F irs t le t F,-, i  =  1 , . . . ,  N  be the un ique  tw o -po in t d is tr ib u tio n  such th a t

E ( Z |F f) =  0 

E (Z 2\ F{) =  e?

E (Z 3|F,-) =  e?
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Here, Z  is a random  variable w ith  d is tr ib u tio n  F,-. The d is tr ib u tio n  o f Z  is given by

lW 5  _ _  (i-Vs)?;
2V T  ’ 2 _  2

P (Z  =  z) =  |  z =  i ! ± £ &  (5.8)

0, otherwise

T h e  w i ld  boo ts trap  is carried ou t by  draw ing random  samples from  F,-.

5 .2 .4  T h e  B lock ed  B ootstrap

W h e n  th e  s tru c tu re  o f serial corre la tion in  a regression m ode l is no t known, the 

b o o ts tra p  can be im plem ented by  d iv id in g  th e  data in to  blocks. C arls te in  (1986) 

suggested th a t th e  blocks be non-overlapping, w h ile  Kunsch (1989) used overlapping 

b locks. O verlapp ing  block structures have h igher bootstrap es tim a tion  efficiency than 

non -ove rlapp ing  blocks. However, the effic iency gain fro m  using overlapping blocks 

is s m a ll. H a ll, e t al. (1995) compared th e  tw o b locking methods for com puting 

th e  d is tr ib u t io n  o f the sample mean. They reported  th a t th e  asym pto tic  roo t mean 

squared e rro r was reduced less th a n  ten  percent as a resu lt o f using overlapping 

b locks as opposed to  non-overlapping ones. Since there is no com puta tiona l burden, 

ove rla pp ing  blocks axe used in  the  experim ents below.

A  boo ts trap  sample is again constructed fro m  the OLS residuals. F irs t, form  

b locks o f le ng th  /, Lk =  {eit, £fc+i, • • • , £fc+(-i} fo r  k =  1 , 2 , . . . ,  6, where b =  N  — I +  1 

and N  is the  le ng th  o f e. Next sample the  blocks w ith  replacem ent to create e* =  

(L i,T t2 , • These block bootstrapped residuals axe then  used to construct a

b o o ts tra p  sam ple

Y *  =  X /3  +  r .  (5.9)

and th e  boo ts trap  estim ate /?*:

/ r  =  ( j r x ) - 1A ' r \  (5 .1 0 )
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T h is  process is repeated m any tim es to  b u ild  up the  d is tr ib u tio n  fo r the  param eters.

A s y m p to tic  refinem ents cannot be gained b y  using independent bootstrap sam­

ples i f  th e  da ta  generating process produces dependent data. I f  one has a pa ram e tric  

m ode l, such as an A R M A  model, th a t allows the  data  generating process to  be re­

duced to  a tran s fo rm a tion  o f i id  random  variables, then the  standard boo ts trapp ing  

procedure  can be used. However, i f  the  process cannot be transform ed su itab ly, o r a 

p a ra m e tric  m odel is not known, then  b locking  allows the  use o f the bootstrap.

5 .2 .5  H etero sced a stic ity  and A u to co rre la tio n  C on sisten t (H A C ) C ovari­

an ce E stim ators

W h ite  (1982) was th e  firs t to note th a t consistent es tim ation  o f the  variance o f the  

(in e ffic ie n t) least squares estim ator o f /? d id  n o t requ ire  a consistent estim ato r o f  a ll 

un ique  elements o f the  N  x  N  m a tr ix  0 ,  on ly  th e  unique elements o f the  k x  k m a tr ix  

X 'V tX .  However, th is  is ju s t the variance o f v =  x'e. I f  we could consistently (a t 

th e  ra te  n -1 / 2) estim ate  the variance o f v then we could construct a roo t-n  consistent 

e s tim a to r fo r the  variance of the least squares es tim a to r o f /? w ith o u t requ iring  the  

s tru c tu re  o f the  variance to  be specified a priori, o r w ith  an es tim a to r th a t converges 

a t a  slower than  n 1̂ 2 rate. The m o tiv a tio n  beh ind  the heteroscedastic and au toco r­

re la tio n  consistent (H A C ) estim ato r is th a t the  o rd in a ry  least squares estim ato r o f /? 

has an asym p to tic  variance th a t can be consis ten tly  estim ated by a fin ite  num ber o f 

param eters. Specifically, since the d is tr ib u tio n  o f

Pols — > N(/3, ( X fX ) - \ X 'Q . X ) { X 'X ) - r ) (5.11)

and  since X 'S IX  can be consistently estim ated  by  a f in ite  num ber o f param eters, 

a ke rne l based sm oother is a good candidate fo r  such a consistent estim ator. One 

such H A C  es tim a to r developed b y  Andrews and M onahan (1992) u tilizes  a firs t-o rde r
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vec to r autoregressive (V A R ) p rew h iten ing  scheme. F irs t le t1

T  =

^ l l ^ l  ®12^1 ' ‘ ‘ x lk€ 1

3̂ 21̂ 2 x22e2 ' ' ‘ £2 *6 2
(5.12)

x T l eT  XT2^T  *  *  *  x Tk^T 

where et is the  £th OLS residual fro m  the es tim ation  o f (5 .1 ). T he  V A R  is specified

as

=  T j - i A  +  ipt, £ =  2 , 3 , . . . ,  T , (5.13)

and can be es tim a ted  by  o rd in a ry  least squares. This e s tim a to r fo r A  is adjusted 

using a s ingle value decom position so tha t Ik  — A  is not s ingu lar. N e x t, the whitened 

ke rne l H A C  estim a to r, X ' f l X w is com puted

r - i

T  — k .j = - T + l  \ S t <

w here

f - y ) =  [  ^ & $ = / »  j  ^  0 

1  £ £ L - i + i & + i # »  i  <  0

and S'r is a data-dependent b a n d w id th  param eter. A  data-dependent p lug -in  estim ate 

o f th e  o p tim a l va lue determ ined b y  Andrews (1991), given th e  QS kernel kqs(-) defined 

b y
1 r \ 25 / sin(67rx/5) A
^ s ( l )  =  1 2 ^  ( - 6 W 5 -------- “ » ( W 5 ) j

is g iven  b y

SV =  1.3221(2* (2 )T )1/3

1When considering temporal dependence it is more natural to utilize the time subscript. Clearly 
this is just a labeling convention. The distinction between the i and t subscripts is apparent for the 
particular type of model we consider.
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where

*■<*>-(s  •■<¥£?) i t ' - A ) -
The param eters (pa, <x2) are the autoregressive and variance param eters and the  

wa are the  weights attached to  estimates o f each o f the  k d iagonal elements o f f t .  

W e use th e  weights used by  Andrews and M onahan (1992), where wi =  0, w; =  1, 

i  — 2 , k.

The e s tim a to r o f X ' f l X w is then recolored to  ob ta in  the  V A R  prew h itened H A C  

kernel e s tim a to r o f

x r i x hac =  D x r t x wD '

where

D  =  { Ik - A ) " 1

5.3 Monte Carlo Evidence

5 .3 .1  D e s ig n  o f th e  E xperim ents

In  order to  de term ine the  usefulness o f these procedures in  fin ite  samples, we con­

ducted a set o f M onte  Caxlo experiments. A  single equation  m odel was constructed. 

T h e  m odel is

F  =  X /?  +  e, (5.14)

where X  is a T  x  k m a tr ix  and k =  3 w ith  the  last co lum n o f X  being a constant. 

T he  firs t tw o  regressors are i. i.d . norm al random  variables.2

2To speed up computational speed, the x's are then transformed in the following way. We start with 
two vectors of normally distributed data, Xi and X2 , which we use as our exogenous variables. These 
two vectors are combined into a T  x 2 vector x. Let r,- be the mean of vector x,- and x =  (xT, x?). 
We new construct x =  x — x which provides us with a transformation
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The vector /3 =  [2 ,0 ,3 ]. The same ft was used in. a ll the experim ents. T h e  sample 

sizes o f the  experim ents were set to  30, 60 and 120. Several d iffe ren t error s tructures 

were used. Each experim ent was rep lica ted  2500 tim es.

For each rep lica tion , we test the  hypothesis th a t /?2 =  0 using one o f seven m eth­

ods. A l l  the  methods use a t-s ta tis t ic  and e ithe r the  asym p to tic  c rit ica l value or a 

bootstrapped c r it ic a l value to e ithe r accept o r re ject the  n u ll hypothesis. A l l  the  tests 

are two-sided.

The  f irs t fou r m ethods u tilize  the  bootstraps to  f in d  a c r it ic a l value za to  determ ine 

w hether to  re ject the  n u ll hypothesis o f =  0. We use the  s tandard boo ts trap , the 

p a ir boo tstrap , the w ild  bootstrap, and th e  b lock bootstrap.

In  each o f the M on te  Carlo rep lica tions, the  fo llow ing  procedure was fo llow ed:

1. Generate a da ta  set to be es tim ated  fro m  equation (5.14) where /32 is set equal 

to  0. E stim ate /? using OLS and  com pute the

2. Generate a bootstrap sample o f size t  fro m  the  residuals o f the  constra ined OLS 

estim ate o f /3. T he  m ethod o f construc ting  the  boo ts trap  sample depends on 

the  bootstrap m ethod used. T h a t is, the  boo tstrap sam ple is Y ’ =  X f3c +  e“ , 

where /3C are the  constrained OLS estimates o f /? and e* are generated from  

the  standard, b lock, or w ild  boo ts trap . For the  pa ir bootstrap, we generate 

a bootstrap sam ple o f size t  b y  draw ing  observations (Y, X ) m random ly, w ith  

replacement, fro m  the o rig ina l da ta  set.

3. F rom  th is  bootstrap sample, es tim ate  a bootstrapped /S* using unconstra ined 

OLS and §* =  Y ‘  — X p *.

such that if x is a vectors of ones, and x =  (x, £*), then

(x 'z ) '1 =

where I  is the identity matrix.
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4. N e x t, com pute  th e  bootstrapped t-s ta tis t ic , T m, fo r tes ting  H q : fa  — 0. T m fo r 

th e  standard  boo tstrap is the  s tandard  t-s ta t is t ic

r -  -  i tStd m 1
s 22

w here s22 is based on e* using the  s tandard  covariance es tim a to r. For th e  pa ir 

bo o ts tra p , T *  is

r p *  f t

wild sw*22 ’
w here fa  is the  unconstrained OLS estim ate  and sw22 is estim ated using the 

W h ite  heteroscedastic consistent covariance m a tr ix  using e* and X .  F o r the 

w ild  boo ts trap , T * is

T * _  Pi
Mwild — sw22

w here sw22 is estim ated using the  W h ite  heteroscedastic consistent covariance 

m a tr ix  using e* and X .  The b lock  boo ts trap  calculates T m as

Pit :,
block shr22 *

w here sh22 is estim ated using th e  H A C  covariance m a tr ix , again using e* and 

X .  H a il, e t al. (1995) note th a t the  o p tim a l b lock  leng th  fo r  es tim a ting  a two- 

s ided d is tr ib u tio n  function  is / ~  n 1̂ 5. O p tim a lity  is defined as m in im iz in g  the 

a s y m p to tic  mean-squared e rro r o f the  b lock  bootstrap e s tim a to r. Therefore, in  

o u r s im u la tions, we use a b lock o f length  tw o, since 301/ 5 «  1.97, 601/ 5 ~  2-27 

and  1201/ 5 «  2.61. For n =  120, perhaps a b lock le ng th  o f three w o u ld  be 

b e tte r, b u t we kept the length  tw o  fo r consistency between sim ula tions.

5. B y  repea ting  th is  step B  tim es, we have fo u r boo tstrap d is tr ib u tio n s  fo r  T " , 

one fo r each o f the  boo ts trapp ing  m ethods used.

6. W ith  th e  B  bootstrap estimates o f T6” , b =  1 ,..., B , we f in d  the  c r it ic a l values

b y  o rdering  |T6“ | and find ing  the pth percen tile  | r * |  =  (1 — g )\T j\ +  g \T j+1\,
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w here j  =  in t [(B  -f- 1) p] and g — (B  +  I )  p — j .  Then, we set zQ — \T *  [, 

w here a  =  1 — p. So, fo r  a nom in a l five-percent re jection ra te , we f in d  the  

95th percentile  o f the  ordered  T6* s ta tis tics  and re ject the n u ll hypothesis when

\t \ > z Q =  \t ; \ .

T h e  fo u r th  m ethod used is th e  standard  t-s ta tis tic  fo r testing Ho : A  =  0;

Tstd =  — , (5.15)

where s,-t- is the squaxe-root o f th e  z’zth e lem ent o f s2( X 'X ) ~ l . Here, s2 =  e?e/(T — k). 

W e th e n  re ject the  n u ll hypothesis i f  |T3̂ |  >  1.96 a t the  five-percent confidence leve l 

and >  2.575 a t the one-percent confidence level. T h e  results o f the  s im u la tions 

us ing  th is  m ethod are shown in  the  tab le  rows labeled std.asy.

T h e  f i f th  m ethod used th e  t-s ta t is t ic  based on the  W h ite  (1980) heteroscedastic 

consistent covariance m a tr ix  e s tim a to r. W e calculate Twhite as in  (5.15), except the  

te rm  su is replaced w ith  the squaxe ro o t o f the  zzth elem ent o f

( X 'X )  - ' x n x ^ u x ' x y 1

and where

X '9 , X whiu =  h ^ 2 ^ x tx rt.
1 t

As w ith  th e  standard t-s ta tis t ic , we re ject the  nu ll hypothesis i f  \Twhite\ >  1-96 a t the  

five -percen t confidence level and  \Twhite\ >  2.575 at th e  one-percent confidence level.

In  th e  s ix th  m ethod, the t-s ta t is t ic  is based on the  Andrews and M onahan (1992) 

H A C  es tim a to r X '£ lX h ac. Thus Thac is com puted as Tstd except th a t su is now  the  

squaxe ro o t o f the  zzth e lem ent o f the  estim ated H A C  covariance m a tr ix

( X ' X ^ X ^ X u d X ' X ) - 1.

T h is  too  is an asym pto tic  tes t so we re ject the  nu ll hypothesis i f  |Thac\ >  1-96 a t the  

five-percent confidence level and  |Thac\ >  2.575 at the  one-percent confidence level.
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5 .3 .2  M o n te  C arlo R esu lts

T he  results o f  th e  M onte  C arlo  s tu d y  axe shown in  Tables 5.1 th ro u g h  5.6. Note th a t 

i f  the  the tru e  size o f the  test is 5%, then  the standard error o f  a p a rtic u la r s im u la tion  

based on N S =2500 sim ula tions is 0.44%. Therefore, a 95% confidence in te rva l on a 

5% re jec tion  ra te  is [4.15%, 5.85%] . W hen our experim enta l results y ie ld  re jection  

p roba b ilities  w ith in  such a range, we ind ica te  those experim ents w ith  a “ . Fo r a test o f 

one-percent, th e  95% confidence in te rva l fo r 2500 M onte Carlo s im u la tions is [0.61%, 

1.39%]. H eteroscedastic ity  and seria l dependencies are m odeled as

et =  ( l - f  x \t +  x^t) V2 (5-16)

where vt =  pvt- i  +  and ut ~  N (0 ,1).

In  Tab le 5.1, th e  errors in  our m ode l are iid , N (0 ,1 ) random  variables. The  

standard  a s y m p to tic  test perform s q u ite  well, even in  sm a ll samples. The  o the r 

asym p to tic  te s t d id  no t do as w e ll, however. In  sm all samples (£ =  30), the  W h ite  

and H A C  a s y m p to tic  tests re ject fro m  tw o to  five  tim es too m uch, depending on the  

nom in al size o f  th e  test. T he  standard  bootstrap performs as w e ll, o r be tte r, as the  

asym p to tic  te s t. T h e  o ther boo ts trap  methods perform ed ve ry  w e ll. These m ethods 

seemed to  p e rfo rm  as w e ll as the  s tandard bootstrap. The one exception is the p a ir 

boo ts trap . I t  perform s b e tte r th a n  th e  W h ite  or H A C  asym p to tic  tests, b u t no t as 

w e ll as the  o th e r boo ts trapp ing  m ethods.

In  Table 5.2, the  errors in  ou r m ode l are iid  random  variab les. The d is tr ib u tio n  

is £3 . T he  s tanda rd  bootstrap perform s well, as do the p a ir, the  w ild  and b lock 

bootstraps. T h e  H A C  es tim a to r does no t perfo rm  well, b u t i t  im proves as sample 

size gets la rge r. These results ho ld  fo r the case where the errors are £5 , as seen in  

Table 5.3. T h e  p a ir  bootstrap does w e ll in  these tests, though i t  does not pe rfo rm  as 

w e ll as th e  w ild  bootstrap.
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T a b le  5 .1  Hom oscedastic Norm al E rrors w ith  a 2 =  1
t = 30 t = 60 t  = 120

m ethod 5% 1% 5% 1% 5% 1%
std.asy 5.64* 1.52 5.68* 1.84 5.04* 1.20*

white, asy 10.40 4.08 7.56 2.48 5.92 1.48
hac.asy 12.28 5.16 7.64 3.00 6.36 1.80

std 5.16* 1.48 5.92 2.00 5.08* 1.36*
w ild 4.76* 0.72* 5.44* 1.24* 5.24* 1.40
block 5.64* 1.00* 6.08 2.32 5.04* 1.60
pa ir 6.00 1.40 6.60 2.20 5.90 1.80

T a b le  5.2 Homoscedastic t-D is tr ib u te d  Errors w ith  3 Degrees o f Freedom

t = 30 t = 60 t  = 120
m ethod 5% 1% 5% 1% ■5% 1%
asy.std 5.60* 1.80 5.20* 1.30* 5.40* 1.40

asy. w h ite 8.40 2.50 6.00 1.80 5.70“ 1.40
asy.hac 11.20 4.80 7.20 2.20 6.90 1.40

std 4.84* 0.88* 5.14* 1.08* 4.88* 0.94*
w ild 6.92 1.72 6.72 1.60 5.64* 1.30*

block 4.82* 0.98* 5.34* 0.92* 4.76* 1.12*
pa ir 3.80 0.60 5.00“ 1.60 5.50* 1.70

T a b le  5 .3  Homoscedastic t-D is tr ib u te d  Errors w ith  5 Degrees o f Freedom

t  = 30 t = 60 t  = 120
m ethod 5% 1% 5% 1% 5% 1%
asy.std 5.10* 1.50 6.20 1.20 5.20“ 1.30*

asy. w h ite 9.10 2.60 7.60 2.20 6.00 2.10
asy.hac 10.20 4.60 8.00 2.70 6.60 2.80

std 4.34“ 1.04* 4.96“ 1.02* 5.02* 0.96“
w ild 6.24 1.38* 5.66“ 1.40 5.06* 1.20*

b lock 4.86* 0.86* 5.26* 1.20* 4.68“ 1.06*
pa ir 5.20* 1.70 5.50“ 1.20* 5.90 1.60
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In  Tables 5.4, 5.5, and 5.6, th e  errors are bo th  au toco rre la ted  and  heteroscedastic. 

These errors axe generated fro m  (5.16). The w ild  b o o ts tra p  seems to  be th e  best 

m e thod  in  th is  s itu a tio n . Its  size tends to  be closer to  th e  n o m in a l size in  sm all 

samples. W h e n  th e  sample sizes get la rge r and the H A C  e s tim a to r im proves, the  w ild  

boo ts tra p  s t i l l  perform s well. T he  p a ir  bootstrap works w e ll in  cases where t =  60 

and th e  au toco rre la tion  coefficient is close to  zero.

T a b le  5 .4  A u toco rre la ted  Heteroscedastic E rro rs  w ith  t  =  30

P =  ~-0.99 P = -0 .9 P = -0 .7 P = —0.5
m ethod 5 % 1% 5% 1% 5% 1% 5% 1%
asy.std 22.30 5.30 28.50 12.60 31.80 16.30 33.00 17.70

asy. w h ite 10.60 2.30 11.10 4.00 13.80 6.20 15.90 5.40
asy.hac 33.20 14.32 4.00 1.16* 10.86 3.92 14.72 6.88

std 3.58 0.58 4.28* 1.12* 11.60 2.86 12.56 3.40
w ild 9.36 1.64 4.00 0.94“ 6.44 0.98* 4.92* 0.90*

b lock 2.72 0.52 3.96 1.14* 12.66 3.64 14.36 4.24
p a ir 1.50 0.20 3.60 0.80* 4.30“ 1.10* 3.90 0.90*

P = -0 .3 P = -0 .1 P = 0.1 P = 0.3
m e thod 5 % 1% 5% 1% 5 % 1% 5% 1%
asy.std 32.10 18.00 32.40 19.00 33.70 19.60 33.60 19.60

asy.w hite 15.70 6.00 16.30 6.20 16.80 6.60 16.50 6.30
asy.hac 17.60 9.08 12.90 5.74 15.64 7.86 13.74 5.90

std 15.04 4.58 8.48 2.34 11.78 3.72 10.30 2.78
w ild 5.30* 1.04“ 6.28 1.64 7.16 2.16 5.96 1.26“

b lock 13.38 4.04 8.46 2.12 11.58 3.52 10.96 3.06
p a ir 3.60 1.00* 3.80 1.00* 4.10 1.00* 3.60 0.90*

P = 0.5 P = 0.7 P = 0.9 P = 0.99
m ethod 5% 1% 5 % 1% 5% 1% 5% 1%
asy.std 34.30 18.80 36.00 20.00 38.50 20.00 27.10 10.20

asy.w hite 16.10 5.50 16.50 4.30 16.30 3.40 17.00 2.50
asy.hac 18.70 9.58 12.46 5.14 17.14 5.78 41.72 19.94

std 12.34 4.08 9.64 2.84 1.00 0.08 0.74 0.10
w ild 7.36 1.84 10.40 3.58 1.48 0.18 3.50 0.68

b lock 15.70 5.58 7.94 1.66 1.98 0.14 0.94 0.12
p a ir 3.60 0.60 3.20 0.60 3.00 0.40 0.90 0.00
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T a b le  5 .5  A u toco rre la ted  Heteroscedastic E rro rs  with, t — 60

P =  --0.99 P = - 0 .9 P = - 0 .7 P = - 0 .5
m ethod 5% 1% 5% 1% 5% 1% 5% 1%
asy.std 5.30* 0.90* 14.60 4.20 19.20 8.10 20.10 8.80

asy.white 2.30 0.40 7.40 1.70 10.60 3.30 10.40 3.70
asy.hac 4.52* 0.92* 25.64 12.94 5.36* 1.66 7.66 2.74

s td 2.36 0.24 23.96 8.70 7.24 1.48 13.14 4.30
w ild 2.04 0.38 11.18 3.00 4.00 0.82* 7.96 2.22

b lock 2.04 0.32 29.34 13.46 6.38 1.56 12.04 3.80
pa ir 0.70 0.20 3.30 0.90* 5.60* 1.50 5.00* 1.60

P = -0 .3 P = -0 .1 P = 0.1 P = 0.3
m e thod 5% 1% 5% 1% 5% 1% 5% 1%
asy.std 18.50 8.20 16.70 7.50 16.40 7.30 16.60 6.80

asy.white 10.30 3.40 9.40 3.00 8.60 2.80 8.50 2.40
asy.hac 10.34 3.92 8.32 2.94 10.30 3.46 9.76 3.08

s td 16.98 5.62 11.48 3.36 11.72 3.42 9.04 2.08
w ild 7.72 2.04 6.66 1.68 5.42* 1.14* 5.40“ 1.14*
b lock 15.16 4.98 11.54 3.14 11.30 2.98 9.26 2.38
p a ir 5.00* 1.20* 4.50* 1.20* 4.10 1.30* 4.10 1.20*

P = 0.5 P = 0.7 P = 0.9 P = 0.99
m ethod 5% 1% 5% 1% 5% 1% 5% 1%
asy.std 16.80 7.00 17.10 6.00 12.90 3.80 3.00 0.80

asy.white 9.10 2.50 7.90 2.40 6.10 1.30 1.60 0.40
asy.hac 8.74 3.04 13.12 4.90 14.02 5.06 5.24* 1.34-*

s td 9.54 2.60 15.78 4.88 19.30 6.66 3.18 0.54
w ild 4.32* 0.84* 11.00 3.68 6.34 1.12* 1.04 0.10

b lock 9.86 2.78 13.48 4.38 16.56 5.04 3.06 0.72
p a ir 4.00 1.00* 3.50 0.70* 2.90 0.50 1.10 0.30
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T a b le  5 .6  A u toco rre la ted  Heteroscedastic Errors t  =  120

P =  --0 .99 P = -0 .9 P =  --0 .7 P = -0 .5
m ethod 5% 1% 5% 1% 5% 1 % 5 % 1%
asy.std 6.20 2.70 20.50 8.40 15.30 6.60 15.10 5.90

asy.white 1.90 0.40 6.50 1.40 5.50* 1.00* 4.90* 1.10“
asy.hac 6.10 2.04 3.20 0.54 4.56* 0.88* 8.10 2.84

s td 4.12 1.02* 6.86 1.80 10.12 2.54 14.72 5.62
w ild 1.72 0.38 2.58 0.40 4.66* 1.12* 7.42 2.06

b lock 5.18* 1.24* 5.50* 1.18* 7.82 1.86 13.30 4.68
p a ir 0.60 0.00 1.60 0.20 1.30 0.20 1.70 0.40

P = - 0 .3 P = -0 .1 P = 0.1 P = 0.3
m ethod 5 % 1% 5% 1% 5% 1% 5% 1%
asy.std 16.20 6.30 16.60 7.40 17.70 8.10 19.90 8.80

asy.w hite 5.40* 1.40 6.50 1.60 7.30 1.50 8.00 2.60
asy.hac 7.54 1.96 6.88 1.78 8.74 2.50 7.96 2.36

s td 13.04 4.48 11.80 3.62 14.12 4.82 13.30 3.70
w ild 4.58* 1.00* 5.48* 1.12* 5.74* 1.12* 5.10* 1.14*

b lock 14.86 4.82 11.58 3.48 13.78 4.38 12.90 3.96
p a ir 1.90 0.50 2.20 0.60 2.60 0.70* 3.80 0.90*

P = 0.5 P = 0.7 P = 0.9 P = 0.99
m e th od 5% 1% 5% 1% 5 % 1% 5% 1%
asy.std 23.70 11.30 31.80 17.90 42.20 29.80 60.90 40.70

asy.white 10.20 3.40 16.20 5.90 26.10 13.80 25.00 5.20
asy.hac 8.84 2.74 6.74 1.94 9.36 3.38 64.26 50.68

s td 9.16 2.60 12.94 4.00 9.06 2.34 57.08 20.58
w ild 4.24* 0.70* 3.62 0.62 1.60 0.12 52.08 26.12

b lock 9.42 2.46 14.24 5.00 11.54 3.84 52.72 14.98
p a ir 4.90* 1.50 8.20 2.50 15.40 6.40 3.20 0.90*
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5.4 Conclusions

In  th is  chapter, we exam ined fo u r b o o ts tra p p in g  procedures: the s tandard  boo ts trap ; 

the  p a ir bootstrap; the w ild  boo ts tra p ; and, the  b lock bootstrap. W e also exam ined 

the  heteroscedasticity and au toco rre la tion  consistent covariance m a tr ix  e s tim a to r o f 

Andrews and M onahan (1992). W e b r ie f ly  ou tlined  the  procedure fo r  using a ll fou r 

boo ts trap  procedures. W e exp la ined how  to  use the Andrews and M onahan (1992) 

H A C  covariance m a tr ix  es tim a to r.

To determ ine the  usefulness o f th e  d iffe ren t boo tstrap procedures, as w e ll as the  

H A C  covariance m a tr ix  es tim a to r, we conducted several M onte  C arlo  experim ents. 

These experim ents were designed to  exam ine  the  perform ance o f the  boo ts trap  esti­

m ato rs where the ideal cond itions fo r  a ll th e  m ethods was v io la ted  to  some degree. 

However, we conducted some experim ents  fo r  the  iid  random  erro r case.

W e found th a t when the  errors o f a s ingle-equation m odel were i id ,  the  standard  

asym p to tic  test works q u ite  w e ll, even in  ve ry  sm all samples. T he  standard  and w ild  

bootstraps both  perform ed w e ll in  these cases. W hen errors were d raw n  independen tly  

fro m  a f-d is tr ib u tio n , the  standard  a n d  b lo ck  bootstraps bo th  w orked w e ll.

W hen our m odel inc luded  errors th a t  were bo th  heteroscedastic and autocorre­

la ted , the performance o f a ll th e  es tim a to rs  suffered. In  sm all samples ( t =  30), the  

H A C  estim ator re jected a n u ll hypothesis th a t was tru e  about three tim es the  no m in a l 

re jec tion  rate.

T he  pa ir and w ild  bootstraps d id  n o t pe rfo rm  too bad ly  in  the  cases where th e  au­

toco rre la tion  coefficient was sm a ll (|p | <  0.3). The standard boo ts trap  never w orked 

w e ll in  these cases. The  b lock  b o o ts tra p  d id  no t perfo rm  well in  these cases.

O u r results suggest th a t the  b oo ts tra p  does not w ork w e ll when th e  da ta  genera­

t io n  process violates the  assum ptions o f  th e  bootstrap m ethod in  some fashion. A lso, 

the  H A C  estim ators are o f l i t t le  use w hen  sam ple sizes are not large.
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Chapter 6

Bootstrapped Aircraft Cost Model Confidence 
and Prediction Intervals

6.1 Introduction

Panel d a ta  sets, da ta  sets th a t contain, b o th  tim e  series and cross sections, axe v e ry  

com m on in  economics. O u r U .S. and w o rld  data sets are two examples o f such d a ta  

sets. T h e re  are often com p lex covariance structures th a t make ca lcu la ting  asym p to tic  

d is tr ib u tio n s  d iff ic u lt a t best.

In  a d d itio n , we o fte n  ca lcu la te  e lastic ities and o ther functions o f the param eters 

th a t axe h ig h ly  non-linear. I t  is som etim es impossible to  w ork o u t asym pto tic  d is­

tr ib u t io n s  fo r such estim ates. T h e  boo ts trap  is a technique th a t allows us to f in d  

confidence intervals fo r  these estim ates.

6 .1 .1  B o o tstra p  C on fid en ce Intervals

T here  axe several de ta iled  com parisons o f bootstrap confidence in te rva ls [e.^., D ic icc io  

and R om ano, 1988 and  H a ll, 1988, 1992]. We w ill b r ie fly  review  some o f the ideas. 

Le t 0  be an estim ate o f a param eter 0  based on the sample X .  Le t 0 *  be a boo ts trap  

es tim a te  o f  0 . One (1 — 2a) 100 percent confidence in te rva l fo r 0  is

C /B = [ l 1- 1( a ) , f - 1( l - a ) ] ,  (6.1)

where F ( x )  =  P r ^ *  <  x \X ) is th e  boo ts trap  d is tr ib u tio n  func tion  o f 0~. Th is  m e thod  

is know n  as the  percen tile  m ethod . I t  has been shown in  D iciccio and Romano (1988) 

to  have some problem s in  sm a ll samples.
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E fron  (1982) in troduced  the bias correction  o r B C  m ethod to  im prove  upon the 

percentile  m ethod. T h e  m ethod “ centers”  the  em p irica l d is tr ib u tio n  E’(x) so th a t 

F (  1/2) =  0 .  The (1 — 2a ) 100 percent confidence in te rva l is

C I b c  =  [ F - 1($ (2 m  +  za ) ) , F - 1($ (2 m  +  2 l_Q))] , (6.2)

where m  =  <&-1 (.F(j0)) and za =  $ - 1 (a ). Schenker (1985) showed th a t the BC m ethod  

has coverage p roba b ilitie s  th a t are bias dow nw ard substan tia lly  in  sm a ll samples.

To im p ro ve  the  confidence in terva ls, E fron  (1987) in troduced the  accelerated bias 

correction  o r A B C  (sometimes B C a) m e thod  to  ad just fo r bias and skewness. W ith  

th is  m e thod , the  confidence in te rva l becomes

C I a b c  =  -  a]))] , (6.3)

where
, . — . m  +  z* .

g{x) = m  +   -----  . - - r  (6.4)
1 — a(rn +  )

and a is th e  estim ate  o f th e  acceleration constant, w h ich  is a measure o f skewness.

A n o th e r m ethod  fo r  find ing  confidence in terva ls is the  percentile -f m ethod. The  

procedure is to  boo ts trap  a sample and then  ca lcu la te  the  usual t-s ta tis t ic  f*  =  ^ *7 " 

using th e  form ulas fro m  asym pto tic  theory. W e then  use the d is tr ib u tio n  o f t '  to  

construct th e  confidence in te rva l

C Ib i = [ P-  P + • (6-5)

H a ll (1992) shows th a t the  percentile -t m e thod  produces confidence in terva ls th a t are 

closer to  no m in a l values than  those produced by  firs t-o rde r asym pto tic  theory.

6.1 .2  B o o ts tra p  Forecasts

Forecasting is an im p o rta n t use (and o ften  the  ob jective ) o f econom etric models. 

However, p o in t forecasts axe usually o f l i t t le  value by  themselves. S tandard errors o f
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the forecasts or p re d ic tio n  intervals fo r the po in t forecasts axe also im p o rtan t. Stine 

(1985) suggests th e  boo ts trap  as a d is tribu tion -free  p re d ic tio n  in te rva l estim ator. 

Again, consider (5 .1 ). W e wish to  pred ict j/iv+ i w ith  know n x jv+ i- To bootstrap the 

p red ic tio n  in te rva l, we f irs t ob ta in  e fro m  OLS es tim a tion  o f (5.1). Then, we construct 

a boo ts trap  sample [e£,. . . ,  e]y+1]. The bootstrap forecast is then

=  xN+lp  +  e ^+1. (6.6)

We th e n  use to  construct the bootstrap data  set

Y * =  X f i  +  r  (6.7)

and com pute  the b o o ts tra p  estim ate /3*. The p red ic tion  e rro r is then

PEb =  Vn + i  ~  x n + 10*- (6-8)

B y  repea ting  these steps m any tim es, we can construct an em pirica l d is tr ib u tio n  

for th e  p re d ic tio n  erro rs. Le t F (a )  be the C D F  o f the boo ts trap  d is tr ib u tio n . The  

(1 — 2a) 100 percent p re d ic tio n  in te rva l is

P I B =  [xjv+i/? +  F _1(a ), x n +10 +  F ~ l ( 1 -  a )] . (6.9)

S tine (1985) shows th a t the coverage o f the  bootstrap p red ic tion  in tervals are

qu ite  good in  sm a ll samples. He also proves th a t the  boo ts trap  pred ic tion  in te rva l is

asym p to tica lly  co rrec t. V eall (1987) use the boo ts trap  to  ob ta in  forecast errors fo r 

peak e le c tr ic ity  dem and. Prescott and Stengos (1987) use the  m ethod w ith  lagged 

dependent variables. Peters and Freedman (1985) use the  bootstrap to  f in d  m u lt i­

period p red ic tion  e rro rs to  evaluate between forecasting models.

6.2 The Cost Model

We use a translog fu n c tio n a l fo rm  fo r our cost equations. T h is  is the m ost w ide ly  

used o f th e  fle x ib le  fu nc tiona l forms (Green, 1993). T he  translog functiona l fo rm
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was in trodu ced  b y  Christensen, et a l., (1973) as a p roduc tion  fu n c tio n  th a t  d id  not 

im pose h o m o th e tic ity  o r separab ility . However, we do im pose h o m o th e tic ity  in  the 

cost fun c tio n . W e also im posed sym m etry  o f the cross-price derivatives.

T h e  s h o rt-ru n  technology has th ree  variab le inputs, tw o quasi-fixed fa c to r, three 

characteris tics  o f  the  a irc ra ft, tw o measured o u tpu t quantities, and tw o o u tp u t service 

characteris tics . W e contro l fo r cost-neutra l seasonal varia tions by in c lu d in g  three 

seasonal du m m y  variables in  th e  cost equation. We also co n tro l fo r fixed  f irm  effects 

b y  in c lu d in g  f i r m  dum m y variables in  the  cost equation. These f irm  effects can be 

g iven  the  reduced fo rm  in te rp re ta tio n  o f o m itte d  variables th a t are specific to  th e  f irm  

and  d isp lay l i t t le  v a r ia b ility  over the  sam ple period, o r can be g iven a m ore  s tru c tu ra l 

in te rp re ta tio n  as tim e -inva ria n t techn ica l inefficiencies from  a stochastic fro n tie r  cost 

fu n c t io n  (S chm id t and Sickles, 1984; Cornw ell, e t al., 1990).

A f te r  we im pose sym m etry, the  cost fu n c tio n  is given by

4 5 4 |  5

log  C  =  a  -f- 5 3  f t  loS Pf + 1 3  1 3  SH loS Pi loS P i +  o 5 3  S{i loS2 Pi
t = i  j > t  t = x  1  « = i

+  5 3  7« log Y i +  \  5 3  7n l° g 2 Yi +  712 log Y\ log Y2
1=1 t=l

+  5 3  sAAi l° g  Pi 1°S A A  +  ftts f log Pi log A S  - f  6pm  log Pi log F U
ie{shk,lhk}

+ 5 SLi log Pi log S L  +  8LFi log Pi log L F

+  j r 6iA IR i , (6.10)
i=1

where p,- is th e  i th in p u t price, Yi is one o f the  two outputs (scheduled o u tp u t and 

non-scheduled o u tp u t) , A A  is the average age o f an a irfram e in  m onths, A S  is the 

average size in  seats o f the fleet, F U  is the  fue l efficiency index, S L  is the  stage length , 

and  L F  is the  load  factor.

T h e  cost shares m ust add to  u n ity  and we m ust have linea r hom ogeneity in  in p u t 

prices. T he  fo llo w in g  restric tions are app lied  to impose these conditions on  th e  cost
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func tion :

£ / S , - = l ; 2 > i = 0 ;  " £  S, =  0 (6.11)
*  j  i£{AA,ASyFU,SL,LFy

The cost share o f sho rt-hau l c a p ita l is g iven by
5

Sksh =  Pksh. +  X ) loS Pi +  Saa  log A A
i= i

+ ^A 5  log A S  +  8f u  log F U  -I- 6s l  log S L  +  8l f  l° g  L F .  (6.12)

T he  long-hau l cap ita l share equa tion  is
5

Skih =  Phih +  X ) f a  1°S Pi +  8 a a  log A A
i= i

+<$as log AS1 -f- Spzr log F U  -f- 8s l  log S L  +  8l f  log L F . (6.13)

T he  th ree  rem ain ing share equations are

si =  Pi + '%2siA°SPi- (6>14)
i= i

Sum m ary sta tis tics  based on th e  trans log  and its  associated share equations are

prov ided  by  the  A llen-U zawa, M o ris h im a  and own- and cross-price s u b s titu tio n  elas­

tic itie s , and  a measure o f re tu rns to  scale. T he  A llen-U zaw a e lastic ities o f subs titu tion  

axe g iven by

8ij +  SiSj

9ii =  — s J T

e« =  fe  +  5^(f i - 1 ). (6.i5)

M orish im a  elastic ities axe given by

~  Qa)Si, i  7̂  3- (6-16)

T he  own- and cross-price e lastic ities axe

£{{ =  duSi

£{j  =  Q i j S j , i ^ j  (6.17)

£jt =  dij Si 7̂  y.
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6.3 M o d e l E stim ation

W e estim ated (6.10), (6.12), (6.13) and the  la bo r and energy share equations using 

ite ra ted  seem ingly unrelated regressions ( IT S U R ). The param eter estim ates o f the 

cost equa tion  axe shown in  Table 6.3. The re tu rns  to  scale a t the  da ta  mean is 1.058. 

T he  f it te d  cost fu n c tio n  is concave a t 91.9 percent o f the  da ta  po in ts and is pos itive  

a t a ll o f th e  da ta  points. The f it te d  share equa tion  values a t the  da ta  mean are shown 

in  Table 6.3.

The A llen -U zaw a p a rtia l e lastic ities o f s u b s titu tio n  axe shown in  Table 6.3. F rom  

these estim ates, we see th a t la bo r and energy axe substitu tes, as axe labor and m ate­

ria ls , labo r and long-haul cap ita l, energy and short-hau l cap ita l, m ateria ls  and short- 

hau l cap ita l, and short-hau l ca p ita l and long-hau l cap ita l. A l l  o the r com binations are 

com plem ents.

As can be seen in  (6.15), these elastic ities axe non-linear functions o f the param eter 

estimates. Even i f  the  param eter estimates axe no rm a l random  variables, find ing  

confidence in terva ls w i l l  be no easy task. One possible way to  deal w ith  th is  non- 

lin e a rity  is to  ca lcu la te a linea r app ro x im a tion  o f the  e lastic ities and then  f in d  an 

a p p ro x im a tion  to  the  true  variance using s tandard  s ta tis tica l procedures. However, 

K r in s k y  and Robb (1986) p o in t o u t th a t lin e a r approxim ations g rea tly  understate 

the  the variance o f the  e lastic ities. They recom m end using a s im u la tion  procedure, 

assuming th a t the  param eter estimates are n o rm a lly  d is tr ib u te d . T he  covariance 

m a tr ix  fro m  the  estim ation  is used for th is  procedure. Since E a ton  (1985) proves 

th a t the conventiona l estim ator o f the covariance m a tr ix  is dow nw ard ly  biased in  

the  general SUR m odel, and A tk in so n  and W ilson  (1992) show th a t the boo ts trap  

es tim a to r has a sm aller bias, in  some cases, we w il l  boo ts trap  the  confidence in terva ls 

fo r e lastic ities instead o f using the  s im u la tion  procedure.
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T a b le  6.1 Cost Function Variable Estimates

Variable
Param eter
Estim ate T -R a tio

Labor p rice 0.379 158.486
Labor p rice  squared -0.008 -0.539
Labor x  energy -0.008 -1.788
Labor x  m aterials 0.044 3.284
Labor x  short-haul -0.035 -5.777
Labor x  long-haul 0.008 1.297
Energy p rice 0.169 117.579
Energy p rice  squared 0.149 53.089
Energy x  materials -0.134 -37.319
Energy x  short-haul 0.014 4.500
Energy x  long-haul -0.021 -7.967
M ateria ls  price 0.329 174.935
M ateria ls  price squared 0.106 7.260
M ateria ls  x  short-haul 0.008 1.511
M ate ria ls  x  long-haul -0.024 -4.156
S hort-hau l price 0.082 38.993
S hort-hau l price squared -0.010 -1.543
Short-hau l x  long-haul 0.024 5.716
Long-haul price 0.041 29.326
Long-haul price squared 0.013 3.094
Scheduled demand 0.871 62.366
Scheduled demand squared -0.070 -2.116
Nonscheduled demand 0.081 6.497
Nonscheduled demand squared -0.103 -2.281
Scheduled x  nonscheduled dem and 0.123 3.139
Stage le ng th -0.263 -11.316
Load fa c to r -0.797 -20.135
Average seats x  sho rt-hau l 0.019 1.666
Average age x  sho rt-hau l 0.030 1.588
Fuel x  short-haul -0.039 -2.880
Average seats x  long-hau l 0.001 0.118
Average age x  long-hard -0.034 -3.886
Fuel x  long-haul 0.033 3.412
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T ab le  6 .2  F itted  Share Equation Values a t D ata  Mean

Labor Share 0.377
Energy Share 0.214
M a te ria ls  Share 0.288
Short H a u l C ap ita l Share 0.086 
Long H a u l C a p ita l Share 0.035

T a b le  6 .3  A llen-U zaw a P a r t ia l E lastic ities  o f S u b s titu tio n  a t D ata M ean

Labor E nergy M ateria ls S hort H au l Long H au l
Labor -1.712 X X X X

Energy 0.904 -0.431 X X X

M ate ria ls 1.405 -1.167 -1.200 X X

Short H aul -0.086 1.729 1.323 -11.941 X

Long Haul 1.582 -1.803 -1.423 9.084 -16.976

To o b ta in  bootstrap values fo r  th e  A llen -U zaw a p a r t ia l e lastic ities , we d raw  ran­

dom ly , w ith  replacem ent, from

e — Y  — X P ixsuR  (6.18)

such th a t  on the  bth draw , we select random ly w ith  replacem ent an in teger i  from  

{ 1 , . . . ,  N } ,  where N  is the n u m b er  o f observations in  ou r da ta  set. The i th residual 

is used fro m  each o f the  equations in  our system. W hen  N  draws have been made, 

we cons truc t the  bootstrap da ta  set

Y~ =  X P its u r  +  e* ?

w here e* are the bootstrapped residuals. We then  estim a te  th is  system  using IT S U R  

to  f in d  P it s u r - From  these boo ts tra p  estimates, we ca lcu la te  the  A llen -U zaw a p a rt ia l 

e las tic ities . We continue crea ting  a nd  estim ating  th e  pseudo-data m any tim es to  b u ild
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a d is tr ib u tio n  o f th e  A llen -U zaw a p a rt ia l e lasticities. In  th is  case, we drew  6,420 

boo ts trap  samples. W e also use the  w ild  boo tstrap to  f in d  boo ts trap  estim ates by 

d raw ing  e* in  th e  app ro p ria te  m anner.

T h e  boo ts trapped  confidence in terva ls fo r  the A llen-U zaw a p a r t ia l e lastic ities o f 

su b s titu tio n  are show n in  Tab le  6.4 and 6.5. These confidence in te rva ls  con firm  most 

o f o u r beliefs g iven  th e  p o in t estim ates. However, labor and  short-hau l cap ita l axe no 

longer u n am b igu ou s substitu tes . T he  confidence in terva l using the  w ild  boo ts trap  also 

suggests th a t m a te ria ls  and sho rt-ha u l ca p ita l are not u n am biguous substitu tes . The 

w ild  boo ts trap  confidence in te rva ls  are w ide r than those produced b y  the  standard 

boo ts trap . T h e  differences range fro m  approx im ate ly  8% to  69% w ider.

T h e  M o rish im a  p a r t ia l e las tic ities  o f sub s titu tio n  are shown in  Tab le  6.3. A l l  bu t 

th ree  com bina tions o f in pu ts  are substitu tes. T he  energy-m ateria ls, energy-long hau l 

and m ate ria ls -long  hau l com binations are complements.

T h e  boo ts tra pped  confidence in te rva ls fo r  the M orish im a  p a r t ia l e lastic ities o f 

s u b s titu tio n  are shown in  Tab le  6.3 and 6.3. The m ateria ls-long h a u l ca p ita l com­

b in a tio n  is no longer an unam biguous com plem ent. As opposed to  th e  A llen -U zaw a 

p a r t ia l e lastic ities , th e  w ild  boo ts trap  does n o t produce longer confidence in te rva ls in  

a l l cases.

T a b le  6 .4  S tandard  B ootstrapped A llen-U zaw a P a rt ia l 
E la s tic itie s  o f S u b s titu tio n  Confidence Intervals a t D a ta  M ean

Labor Energy Materials Short Haul Long Haul
Labor 
Energy 
Materials 
Short Haul 
Long Haul

(-1.913, -1.506) 
(0.798, 1.009) 
(1.171, 1.650) 
(-0.461, 0.264) 
(0.713, 2.474)

X

(-0.547, -0.308) 
(-1.305, -1.043) 
(1.410, 2.074) 

(-2.575, -1.065)

X

X

(-1.557, -0.862) 
(0.908, 1.744) 

(-2.590, -0.267)

X

X

X

(-13.769, -10.347) 
(6.218, 11.892)

X

X

X

X
(-23.384, -10.206)
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T a b le  6 .5  W ild  B oo ts trapped  A llen-U zawa P a rtia l E las tic ities  
o f S u b s titu tio n  Confidence Intervals a t D a ta  Mean

Labor___________Energy_________ Materials________ Short Haol________ Long Haul
Labor (-1.973, -1.446) X X X X

Energy (0.790, 1.018) (-0.590, -0.276) X X X

Materials (1.042, 1.777) (-1.384, -0.961) (-1.908, -0.548) X X

Short Haul (-0.468, 0.302) (1.353, 2.133) (0.462, 2.190) (-13.603, -10.350) X

Long Haul (0.507, 2.698) (-2.968, -0.643) (-3.843, 0.846) (6.175,12.216) (-28.922, -5.789)

T a b le  6.6 M orish im a  P a rtia l E las tic ities  o f S u b s titu tio n  a t D a ta  Mean

Labor Energy M ateria ls S hort H aul Long H au l
Labor X 0.986 0.395 0.613 1.241
Energy 0.286 X -0.158 0.462 -0.294
M ateria ls 0.750 0.009 X 0.726 -0.064
Short H aul 1.025 1.182 1.147 X 1.818
Long H aul 0.641 0.524 0.537 0.900 X

T a b le  6 .7  S tandard B ootstrapped M orish im a  P a rtia l E lastic ities  
o f S u b s titu tio n  Confidence Intervals a t D a ta  Mean

Labor Energy Materials Short Haul Long Haul
Labor 
Energy 
Materials 
Short Haul 
Long Haul

X

(0.242, 0.326) 
(0.593, 0.914) 
(0.852,1.197) 
(0.402, 0.890)

(0.882, 1.092) 
X

(-0.095, 0.116) 
(1.007, 1.350) 
(0.288, 0.765)

(0.322, 0.470) 
(-0.196, -0.122) 

X

(0.969,1.317) 
(0.289, 0.790)

(0.439, 0.777) 
(0.382, 0.545) 
(0.553, 0.903) 

X

(0.590,1.223)

(0.898, 1.608) 
(-0.469, -0.124) 
(-0.432, 0.310) 
(1.387, 2.223) 

X

T a b le  6 .8  W ild  B oo ts trapped M orish im a P a rt ia l E las tic ities  o f 
S u b s titu tio n  Confidence Intervals a t D a ta  Mean

Labor Energy Materials Short Haul Long Haul
Labor 
Energy 
Materials 
Short Haul 
Long Haul

X

(0.243, 0.331) 
(0.477,1.033) 
(0.876,1.168) 
(0.243,1.046)

(0.852, 1.118)
X

(-0.196, 0.219) 
(1.046, 1.316) 
(0.127, 0.929)

(0.298, 0.491) 
(-0.218, -0.099) 

X

(0.945, 1.347) 
(0.099, 0.971)

(0.451,0.775) 
(0.370,0.559) 
(0.346,1.117)

X

(0.487,1.337)

(0.807, 1.687) 
(-0.557, -0.037) 
(-0.855, 0.703) 
(1.517, 2.129) 

X
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T a b le  6 .9  Price Elasticities a t D ata Mean.

Labor Energy M ate ria ls  Short H aul Long  Haul
Labor -0.645 0.193 0.404 -.007 0.055

Energy 0.340 -0.092 -0.336 0.150 -0.062
M ate ria ls 0.530 -0.250 -0.345 0.114 -0.049

S hort Haul -0.032 0.370 0.381 -1.033 0.314
Long  Haul 0.596 -0.386 -0.409 0.785 -0.586

Labor 
Energy 

Materials 
Short Haul 
Long Haul

T a b le  6 .10  S tandard Bootstrapped Price 
E las tic ities  Confidence Intervals a t D a ta  M ean

Labor__________ Energy_________ Materials_______ Short Haul
(-0.726, -0.567) 
(0.301, 0.382) 
(0.440, 0.626) 
(-0.174, 0.099) 
(0.268, 0.937)

(0.171, 0.215) 
(-0.117, -0.066) 
(-0.277, -0.224) 
(0.302, 0.442) 

(-0.550, -0.228)

(0.338, 0.472) 
(-0.374, -0.301) 
(-0.445, -0.249) 
(0.262, 0.499) 

(-0.743, -0.077)

(-0.039, 0.023) 
(0.120, 0.178) 
(0.077, 0.151) 

(-1.181, -0.881) 
(0.524, 1.030)

Long Haul 
(0.025, 0.085) 

(-0.087, -0.038) 
(-0.088, -0.010) 
(0.220, 0.408) 

(-0.824, -0.358)

Labor 
Energy 

Materials 
Short Haul 
Long Haul

T a b le  6 .1 1  W ild  Bootstrapped Price 
E lastic ities  Confidence Intervals a t D a ta  M ean

Labor__________ Energy_________ Materials_______ Short Haul
(-0.749, -0.541) 
(0.297, 0.385) 
(0.390, 0.674) 
(-0.177, 0.114) 
(0.192, 1.018)

(0.170, 0.217) 
(-0.126, -0.059) 
(-0.296, -0.206) 
(0.290, 0.457) 

(-0.634, -0.138)

(0.303, 0.506) 
(-0.397, -0.278) 
(-0.543, -0.160) 
(0.135, 0.623) 
(-1.104, 0.243)

(-0.041, 0.026) 
(0.118, 0.183) 
(0.040, 0.193) 

(-1.173, -0.888) 
(0.536, 1.051)

Long Haul 
(0.018, 0.092) 

(-0.101, -0.023) 
(-0.130, 0.030) 
(0.220, 0.409) 

(-0.986, -0.196)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

97

6.4 Forecasting

U sing  o u r cost m odel along w ith  the a pp ro p ria te  share equation, we can forecast the  

fu tu re  quan tities  o f a irc ra ft (e ithe r sho rt- o r long-hau l) in  a p a rticu la r a ir lin e ’s fleet. 

F o r exam ple , i f  the  forecast period  exp la n a to ry  variab les are known, we can fin d  the  

n u m b e r o f sho rt-hau l planes fo r  a ir lin e  j  a t t im e  t +  k  as

„ _  ~ Sj,t+k 1Q-.
Q jj+ k  —  > (o.iyj

P j,t+ k

w here  C3\t+k is the  to ta l cost fo r a irline  j  a t t im e  Sj,t+k is the sho rt-hau l expense 

share fo r  a ir lin e  j  a t tim e  t  -f- k, p jtt+k is th e  short-hau l p rice  fo r a ir lin e  j  a t tim e  t  +  k, 

and  <Jj,t+k is the  num ber o f sho rt-hau l planes.

A s im p o rta n t as the p o in t forecasts, i t  is im p o rta n t to  get s tandard  errors fo r 

th e  forecasts. T he  bootstrap, as is p o in te d  ou t b y  S tine  (1985), can be used as 

a d is tr ib u tio n -fre e  m ethod fo r ge ttin g  forecast errors. In  our m odel, we boo ts trap  

fo recast errors as follows. W e assume th a t  X t+ i is know n, so o u r po in t-es tim a te

forecast is found  b y  ca lcu la ting  qj,t+i in  (6.19). O ur forecast errors are then  calculated

b y  d ra w in g  random ly, w ith  replacem ent, fro m

t  — Y  — X fiixsuR  (6.20)

such th a t on the  bth draw, we select ra n d o m ly  w ith  replacem ent an in teger i  fro m  

{ 1 , . . . ,  N } ,  where N  is the  num ber o f observations in  o u r data  set. T h e  i th residual is 

used fro m  each o f the  equations in  ou r system . W hen N  +  1 draws have been made, 

we f in d  o u r boo ts trap  forecasts:

*    + 1  * 4 - 1  f / >  n i \
9i,iv+1 — _ ■> (p.-l)

P j j r + i

w here  C j^ + i  and S'/.jv+i are based on

Y flr+ i =  X n + xP i t s u r  +  £jv+i- (6.22)
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W e th e n  construct the bootstrap da ta  set

Y *= X (3 iT s u R  +  r , (6.23)

where e* are the firs t N  boo tstrapped residuals. We then  estim ate th is  system using 

IT S U R  to  fin d  Pit s u r - The boo ts trap  forecast e rro r is

r r>  m _ *  • S j,N + lf i h b -  q3-jr+l —— ,
Pj,N + 1

and C j'N+1 and SjiN+l are forecasts based on P it s u r - W e continue creating and 

e s tim a tin g  the  pseudo-data m any tim es to  b u ild  a d is tr ib u tio n  o f the forecast errors. 

Here, we drew  1,340 bootstrap samples. Le t z* be the  100 • a th  percen tile  from  the  

d is tr ib u t io n  o f the bootstrapped forecast errors. The 1 — 2a  boo ts trap  p red ic tion  

in te rv a l fo r  Yjv+i is [q j jr + i +  z*, q j,N + i + 2 (*1_ct)].

O ne can extend this boo ts trapp ing  techn ique to  k step-ahead p red ic tion  in terva ls 

b y  increasing  the number o f residuals d raw n  in  each o f the  bootstraps fro m  N  + 1  to  

N  +  k and  proceeding as above. I f  there  were a lagged endogenous variab le, then one 

w o u ld  need to  recursively fin d  each new Y m.

To generate our forecasts, we f irs t p ro je c t the  exogenous variables fo r fo u r quarters, 

us ing  the  g row th  rates in  Table 6.4. W e then  ca lcu la te th e  f it te d  value fo r to ta l cost 

and c a p ita l share. Using these values and th e  pro jected  cost o f cap ita l, we find  the 

sh o rt-h a u l fleet size forecasts, w h ich  are shown in  Table 6.4.

These forecasts are not as good as those ca lcu la ted in  C hapter 2. In  th a t chapter, 

we a llow ed the  average o f the  last year to ta l cost and ca p ita l share to  grow at the 

ra te  p ro je c te d  using elasticities. Here, we use th e  f it te d  values.

T h e  s tandard bootstrap p red ic tion  in te rva ls  are shown in  Table 6.4. These p red ic­

t io n  in te rva ls  axe very large. T he y  range fro m  about 200 planes to  over 1,800 planes. 

T h e  in te rva ls  do include the value fo r the  ac tua l num ber o f planes in  the  quarte r p r io r
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T a b le  6 .12  Baseline Exogenous Variable Growth Rates

Param eter A nnual G row th  Rate
Lab o r Price -1.6%

E nergy Price 0.9%
M ate ria ls  Price —

S hort-hau l C a p ita l P rice -0.5%
Long-hau l C a p ita l P rice -0.5%

Scheduled Service 4.5%
Non-scheduled Service 4.5%

Stage Length 0.35%
Load Factor 0.15%
Average Age —
Average Size 0.75%

Fuel E ffic iency 2.5%

T a b le  6 .1 3  C a rrie r S hort-H au l C a p ita l at 1994Q3 and P o in t Forecasts

A ir lin e 1994Q3 1994Q4 1995Q1 1995Q2 1995Q3
A m erican 424.79 644.24 661.33 653.20 657.02
Easte rn 144.48 257.28 263.96 260.58 261.96
Trans W orld 302.86 391.66 401.94 396.90 399.11
C o n tinen ta l 258.39 248.76 255.34 252.19 253.65
D e lta 325.00 915.60 940.36 929.28 935.20
N orthw est 257.48 371.58 381.47 376.82 379.06
U S A ir 398.55 318.81 327.45 323.62 325.70
Southwest 174.38 91.06 93.53 92.43 93.03
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to  the  p ro je c tio n  in  a ll cases. I t  is n o t unreasonable fo r  these in tervals to  be as large 

as th e y  are, g iven the prob lem s w ith  th e  p o in t forecasts.

6.5 Conclusions

In  th is  chapter, we app lied th e  boo ts trap  to  calcu la te confidence in terva ls fo r A lle n - 

Uzawa and M orish im a p a r t ia l e lastic ities  o f s u b s titu tio n  and for p rice  e lastic ities. W e 

also used the  bootstrap to  f in d  p re d ic tio n  intervals fo r  forecasts o f a ir lin e  fleet size.

W e began by exp la in ing  fou r m ethods fo r ca lcu la ting  bootstrap confidence in ­

terva ls: the  percentile  m e thod ; bias correction  (B C ) m ethod; the  accelerated bias 

co rrec tion  (A B C ) m ethod; and the pe rcen tile -f m ethod . A n  exp lanation is also pre­

sented on how to  construct p re d ic tio n  in terva ls using th e  standard bootstrap.

W e es tim ated  a translog cost fu n c tio n  using th e  U.S. data set. W e ca lcu la ted  

the  A llen -U zaw a and M o rish im a  p a r t ia l e lastic ities o f sub s titu tio n  from  the pa ram ­

e te r estim ates. W e then boo ts trapped confidence in te rva ls  fo r the A llen-U zawa and 

M o rish im a  p a r t ia l e lastic ities using b o th  the  s tandard  and w ild  bootstrap. A lle n - 

Uzawa p a r t ia l e lastic ities confidence in te rva ls  were longer using the  w ild  boo ts trap . 

T h e  M o rish im a  p a rtia l e la s tic ity  confidence in tervals were not longer in  a ll cases us­

ing  the  w ild  bootstrap. T h e  confidence in terva ls fo r p rice  e lasticities had the correct 

signs.

W e also forecast the flee t size fo r e igh t U.S. a irlines. The forecast were no t as 

good as those produced in  C hapter 2. T h is  is because we used f it te d  values fo r  the  

to ta l costs and cap ita l shares instead o f using the e la s tic ity  p rope rty  o f our param eter 

estim ates to  “ grow”  the  a c tu a l to ta l costs and share values.

In  a d d itio n  to  these forecasts, we produced p re d ic tio n  in tervals using the s tandard 

boo ts trap . These in terva ls were qu ite  large, and ranged between 200 to  1,800 planes.
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T a b le  6 .1 4  C a rrie r S h o rt-H au l C a p ita l Forecasts 
w ith  B ootstrapped C onfidence In te rva ls

A ir lin e  Type 1994Q4 1995Q1 1995Q2 1995Q3
Lower 152.29 150.56 157.43 151.65

A m e rica n Point 644.24 661.33 653.20 657.02
Upper 1602.50 1645.83 1635.85 1632.76
Lower 56.82 61.64 53.57 59.00

E aste rn Point 257.28 263.96 260.58 261.96
Upper 630.62 657.69 647.10 645.52
Lower 35.69 34.20 35.41 36.05

Trans W o rld Point 391.66 401.94 396.90 399.11
Upper 1040.73 1079.66 1025.13 1075.17
Lower 53.10 57.29 54.69 55.86

C o n tin e n ta l Po int 248.76 255.34 252.19 253.65
Upper 592.08 604.26 592.96 601.92
Lower 304.63 311.72 305.05 315.64

D e lta Point 915.60 940.36 929.28 935.20
Upper 2140.68 2156.97 2061.98 2119.69
Lower 8.01 8.39 5.94 3.46

N o rth w e s t Point 371.58 381.47 376.82 379.06
Upper 1054.68 1117.82 1062.58 1111.21
Lower 72.63 74.79 73.55 74.23

U S A ir Point 318.81 327.45 323.62 325.70
Upper 767.19 797.00 794.48 797.30
Lower 20.94 22.15 20.75 21.88

S outhw est Point 91.06 93.53 92.43 93.03
Upper 213.93 220.41 215.35 216.62
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A n  im provem en t to  the  forecasts needs to  be m ade. This is easily done b y  using 

th e  m ethods o f C hap te r 2. However, th is  does cause a problem  w ith  the  bo o ts tra p p in g  

procedure. A  m e th od  fo r app ly ing  th e  boo tstrap  to  fin d  p re d ic tio n  in te rva ls  when 

using th e  m ethods o f C hapte r 2 needs to  be found.
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Chapter 7 

Applications of the Growth Literature to the 
Airline Industry

7.1 Introduction

A ll o u tp u ts  th a t can be produced by a given in p u t ve c to r co n s titu te  a p rodu c tion  

technology. T h e  fro n tie r technology consists o f those com binations th a t m axim ize  

o u tp u t g iven a set o f inpu ts , under the  ex is ting  p ro d u c tio n  process. Conversely, the  

fro n tie r techno logy can m in im ize  the usage o f inpu ts  g iven  an o u tp u t set. We id e n tify  

firm s  as te c h n ic a lly  ine ffic ien t i f  they do no t operate on th is  fro n tie r.

T h e  fro n tie r lite ra tu re  has la rge ly  been concerned w ith  docum enting  ine ffic iency 

o f firm s  in  various m arkets. Technica l e ffic iency techniques have a w ide-spread ap­

peal because b o th  governm ent p o licy  makers and in d u s try  m anagers axe concerned 

abou t p ro d u c tiv e  perform ance. M ore im p o rta n tly , upon d e te rm in a tio n  o f e ffic iency 

d iffe re n tia ls , these techniques can be used as decision m ak ing  tools since th e y  in d ica te  

areas o f de fic iency and d ire c tio n  fo r change.

W e are in te res ted  in  the lin k  between m arket s tru c tu re  and perform ance firs t 

m ade e x p lic it in  Leibenstein (1966) a rtic le  on X -e ffic ien cy w hich states th a t, g iven 

“ p rope r m o tiva tio n s ,”  firm s can achieve increased effic iency. A  p rim e  m o tiva tio n a l 

fa c to r is the  degree o f com pe titive  pressure. Th is hypothesis takes on heightened 

im po rtance  in  to d a y ’s g lobal economy. W orld  m arkets are becom ing less regu la ted  and 

m ore in te g ra te d  lead ing to  in tensified  in te rn a tio n a l co m p e titio n . F rom  th e  European 

U n io n  to  the  fo rm e r Soviet B lo c  to  the  N o rth  A m erican  Free T rade Agreem ent to  

th e  em erging m arke ts in  Asia, there is an increase in  m arke t c o n te s tib ility  and in
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com pe titio n , fo r a ll th e  m arkets in  a ll these econom ies. W he the r ris in g  c o m p e titio n  

w ill lead to  e ffic iency im provem ents, as m anagers are increas ing ly  pressed to  c u t costs, 

im p ro ve  p roducts  and m a in ta in  o r expand m a rke t share, is a question  w o rth y  o f g loba l 

concern and a tte n tio n .

W ith  th e  in tro d u c tio n  o f te ch n ica l e ffic iency m easurem ent techniques to  m easure 

and p a r tit io n  X -in e ffic ie n cy  (Le ib ens te in  and M a ita l, 1992), stud ies on th is  to p ic  

have becom e m ore fo rm a lized . Caves and B a rto n  (1990), fo r exam ple, consider the  

re la tio n s h ip  between techn ica l e ffic ie n cy  levels and co m p e titive  cond itions fo r 285 

US in d u s trie s . O ve ra ll, they  fin d  suppo rt fo r p u b lic  po licies designed to  m a in ta in  

c o m p e titio n  am ong producers since these po lic ies prom ote e ffic iency. O th e r studies 

focus on sectors such as u tilit ie s  (e .g ., R eifschneider and Stevenson, 1991), since the  

dependency between e ffic iency and co m p e titive  pressure has s ig n ifica n t re g u la to ry  

relevance. B u tto n  and W eym an-Jones (1992) fin d , in  th e ir lite ra tu re  survey, th a t 

those in d u s trie s  sub ject to  b u re a u cra tic  co n tro l genera lly e x h ib it low er e ffic iency levels 

th a n  those w h ich  are co m p e titive  o r w eakly regu la ted.

A la m  and Sickles (1999) take  a un ique  approach to  e m p iric a lly  exam ine th e  re la ­

tio n s h ip  between co m p e titive  forces and th e  tim e  p a tte rn  o f te ch n ica l e fficiency. T hey 

do th is  b y  b rin g in g  toge the r th e  te ch n ica l e ffic iency lite ra tu re  (S chm id t and S ickles, 

1984; C o rnw e ll, et a l., 1990; K u m bh aka r, 1990; Gong and S ickles, 1992; T u lke n  and 

V anden Eeckaut, 1995), developm ents in  co in te rg ra tio n  (K w ia tko w sk i, et a l., 1992) 

and convergence lite ra tru e  (Fare, e t a l., 1994). As a case s tudy, th e y  exam ine the 

U .S . a irlin e  in d u s try  between 1970 and  1990. T hey fin d  evidence th a t the  e ffic iency 

scores o f U .S . a irlines are, in  fa c t, co in te rg ra te d  and th a t these scores are converg ing.

In  H u ltb e rg  and P oste rt (1998), th ree  measures o f rank m ovem ents were devel­

oped and used to  e xp la in  leapfrogg ing  in  the  per cap ita  incom e o f O ECD coun tries. 

W e can use these measures to  re p o rt on th e  leve l o f rank m ovem ents o f e ffic iency
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scores betw een a irlines, w he the r dom estic  o r in te rn a tio n a l. These m easures provide 

an o b je c tiv e  and concise w ay to  discuss th e  am ount o f leapfrogging and a possible 

te s t fo r th e  a b ility  o f econom ic m odels to  exp la in  the data.

7.2 Evidence of Leapfrogging

W e im p le m e n t our m odel using param eters and g row th  rates th a t equate the  in ­

d u s tria l perform ances o f th e  n a tio n a l fla g  carriers (o r in d u s tria l aggregate) to  th e ir 

respective  c o u n try ’s perform ance. T h is  provides us w ith  a transparent illu s tra tio n  o f 

o u r m e thodo logy and its  im p le m e n ta tio n .

L o o k in g  a t th e  O ECD sam ple i t  is  apparent th a t the  nations’ a irlin e  in d u s trys ’ 

g ro w th  pa ths  cross. F igu re  7.1 shows th e  countries’ a irlin e  industries  incom e over 

th e  p e rio d  1960-90. The U .S . is the  incom e leader fo r m ost o f the  years [S w itze rland  

o b ta ined  th e  leader p o s itio n  a few tim e s  over the  sam ple period ]. As can be seen 

in  F ig u re  7.1, th ree  coun tries ’ a irlin e  in d u s try  in  p a rticu la r sh ifted  incom e positions. 

Japan w ent fro m  being one o f the poorest a irlin e  industries in  1960 (ra n k  19) to  

becom e q u ite  w ea lthy (ra n k  8) in  1990. Japan appears to  be a g row th  m ira c le . T he 

same can be said fo r N orw ay w h ich  advanced fro m  ra n k  12 to  4 over th e  sam ple 

p e rio d . In  con trast, New Zealand m ade a ra p id  descent th rough  the  re la tiv e  incom e 

positions (fro m  3 to  17), earn ing  the  t it le  g row th  disaster. However, m ost o f th e  rank 

m ovem ents take  place am ong the  m id d le  countries’ a irlin e  in d u s try  (those ranked 3 

to  16 in  1960) w h ich  are close in  incom e levels. For these countries’ a ir lin e  industries 

leap frogg ing  cou ld  be due to  random  disturbances o r heterogeneous shocks.

In  fa c t, a closer exam ina tion  o f th e  rankings reveals th a t i t  is ve ry  com m on fo r tw o 

co u n trie s ’ a irlin e  industries to  sw itch  positions, on ly  to  im m ed ia te ly  s w itc h  back. A  

few  exam ples are: G erm any and the  U .K . fro m  1961 to  1968, Japan and I ta ly  between 

1971 and 1980 (these tw o coun trie s ’ a ir lin e  industries changed positions s ix  tim es on ly
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F ig u re  7 .1  C o un try  A ir lin e  In d u s try ’s R e la tive  Incom e D is tr ib u tio n

I960 IM S  19T70 1973 I960  198S 1990
Y « tr

to  end up  a t th e  same place in  1980), and the U .S . and S w itze rland  up u n t il 1975. 

T h is  shows th a t m uch o f th e  ra n k  dynam ics are d riv e n  by sh o rt-te rm  flu c tu a tio n s . 

These ra n k  m ovem ents are m ost lik e ly  due to  coun try-spec ific  flu c tu a tio n s , such as 

lagged business cycles, and represent w ha t th is  paper calls random ness. O ne way 

to  rem ove th is  fro m  the  data  is to  consider a longer tim e  p e rio d  than  one year fo r 

th e  ana lysis. P anel studies o fte n  consider 3-5 year tim e  in te rva ls  to  side-step the  

in fluence o f business cycles.

W e ado p t the  m ethodology o f Q uah (1993) and C h a ri e t a l. (1996) in  p resen ting  

th e  evidence in  th e  fo rm  o f a m o b ility  m a trix . T h e ir papers are concerned w ith  the  

w o rld  incom e d is tr ib u tio n  and, therefore , group coun tries in  tra n s itio n  states based 

on th e ir  incom es re la tiv e  to  the  w o rld  average. T h is  approach o n ly  in d ire c tly  reveals 

th e  am oun t o f leapfrogging since, fo r exam ple, the  m ere fact th a t one co u n try ’s a irlin e  

in d u s try ’s incom e is 1 /4  o f w o rld  average in  1960 b u t 1 /2  o f w o rld  average in  1990 

does n o t im p ly  a s h ift in  re la tiv e  p o s itio n  (especia lly i f  the sam ple s im u ltaneously 

d isp lay convergence). In  con trast, the  M arkov tra n s itio n  m a tr ix  used here d ire c tly
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addresses th e  changes in  ranks since coun trie s  a irlin e  industries are grouped accord ing 

to  ra n k  instead o f incomes re la tiv e  to  w o rld  average.

A  c e ll in  our m o b ility  o r tra n s itio n  m a tr ix  represents the  average num ber o f tra n s i­

tio n s  fo r th e  sample; i.e . the  p ro b a b ility  o f m oving  a specified num ber o f ranks w ith in  

a specific  tim e  in te rva l ca lcu la ted  fo r each consecutive tim e  in te rv a l and averaged over 

th e  30-year period. Each co lum n and ro w  thus represents the  rank in g  o f a c o u n try ’s 

a ir lin e  in d u s try  (1 th ro ugh  22 in  a sam ple o f 22 countries’ a irlin e  in d u s trie s ), so th a t 

each e n try  in  the M arkov tra n s itio n  m a tr ix  represents the  p ro b a b ility  o f m oving  fro m  

th e  co lum n rank to  the  row  ra n k  d u rin g  th e  specified tim e  period . I f  the re  is no 

leap frogg ing  at a ll, then  the  m a tr ix  w ill be an id e n tity  m a trix . A ll o ff-d iagona l en­

trie s  show a p ro b a b ility  o f sh ifts  in  re la tiv e  positions, and th e  m ore p ro b a b ility  mass 

o ff th e  d iagonal th e  m ore com m on is ra n k  m ovem ents. W e consider average annual, 

3-year, and 5-year tra n s itio n  m a trices, as w e ll as a 30-year tra n s itio n  m a trix .

T h e  m a in  cha racte ris tic  o f the  d a ta , w he ther presented ann ua lly  o r fo r 3 (5 )-yea r 

in te rva ls , is persistence, especia lly a t tk e  extrem es. There is m ore m o b ility  am ong the  

“ m id d le  a irlin e  industries” ; these are th e  a irlines w hich were in it ia lly  close in  incom e 

levels. As the  tim e  in te rv a l is extended, th e  m o b ility  m a tr ix  shows m ore and m ore 

o ff-d iagona l p ro b a b ility  mass, w h ich  in d ica te s  th a t these m ovem ents are n o t d rive n  

b y  business cycles alone. T he  p ro b a b ility  o f ju m p in g  m ore than  one s ta te  is also 

increased, once again in d ic a tin g  susta ined  m ovements o f countries.

7 .2 .1  M easures of R ank  M o b ility

W e fee l th e  need fo r an index to  q u a n tify  th e  am ount o f leapfrogging conta ined in  

th e  tra n s itio n  m a trix . T he advantage o f an index is th a t we ob ta in  one num ber as 

opposed to  N 2 num bers, where N  is th e  num ber o f states in  th e  tra n s itio n  m a tr ix . For 

exam ple, th e  22-by-22 m a tr ix  y ie lds 484 num bers to  be in te rp re ted . T he  disadvantage
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is  th a t an e n try  in  th e  tra n s itio n  m a tr ix  is easy to  in te rp re t, w h ile  th e  m o b ility  in dex  

m ig h t n o t be. I t  is also im p o rta n t to  note th a t these measures p rovide  an in d e x  o f the  

am oun t o f leapfrogg ing in  th e  sam ple, not o f the  “ n a tu re ”  o f leapfrogg ing . T h a t is, 

tw o  sam ples m ay have the  same am ount o f leapfrogging, b u t behave q u ite  d iffe re n tly  

in  te rm s o f ac tua l g ro w th  p a tte rn s . We discuss a possible use o f th e  m easures to  

approach th e  question o f the  n a tu re  o f rank m ovem ents, b u t in  the end one m ust lo ok  

a t th e  end pe rio d  r ankings d isp layed in  th e  da ta  and th e  s im u la tio n  to  de te rm ine  

i f  th e  m ode l a c tu a lly  captures th e  source o f ra n k  m o b ility . Hence, th e re  axe tw o  

questions, one, w he the r the  m ode l allows fo r th e  am ount o f leap frogg ing  observed, 

and tw o , w hether th e  m odel a llow s fo r leapfrogg ing th ro u g h  th e  rig h t channels.

W e propose th e  use o f tw o  measures o f m o b ility  recen tly  in tro d u ce d  b y  B uch in sky  

and H u n t (1996). B o th  measures are based on the  tra n s itio n  m a trix . T h e  firs t is a 

m easure o f expected o r average “ ju m p ” (A J ) and is g iven by

4  j  _  Z)f=i K ~ ilP'j
“  AJ~

w here S is the  n um ber o f states in  the M arkov tra n s itio n  m a trix , and  A J * is th e  

m a x im u m  a tta in a b le  value fo r th e  num era to r o f A  J, i  and j  represent th e  co lum n and 

row  num bers (i.e . ranks), and p,-y is the  p ro b a b ility  o f go ing fro m  ra n k  i  to  ra n k  j  in  

one tim e  period . T h e  A  J m easure thus calculates the  average o ff-d iagona l m ovem ents 

in  th e  M a rko v  tra n s itio n  m a tr ix .

T h e  second m easure is d iffe re n t in  th a t i t  does no t take  in to  account th e  e n tire  

tra n s itio n  m a trix . Since pa is  th e  p ro b a b ility  o f rem a in ing  in  the  sam e s ta te  [i.e . 

p ro b a b ility  o f no s h ift in  re la tiv e  incom e positions], 1Jp.. is th e  m ean e x it tim e  fro m  

th a t s ta te . B uch insky and H u n t’s second measure o f m o b ility  is defined as

M P  =  ^ ‘=1 — ~  ft-)- 
M P m
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w here M P * is  th e  m ax im um  a tta in a b le  value o f th e  num era to r o f M P . The M P  measure 

p rov ides th e  average lik e lih o o d  o f a coun try ’s a irlin e  in d u s try  leaving its  o rig in a l 

p o s itio n  w ith o u t considering the n um be r o f “size”  o f the  ju m p . B o th  A  J and M P  w ill 

range fro m  0 to  1, w here 0 represents no m o b ility  a t a ll.

B o th  o f these measures lack a c ru c ia l fea tu re  w h ich  concerns us; nam ely, th a t 

co u n trie s ’ a irlin e  in d u s trie s  close in  incom e levels axe m ore lik e ly  to  s h ift incom e 

p o s itio n s . T h e  size and u n ifo rm ity  o f th e  earnings da ta  set used by B uchinsk y  and 

H u n t (1996) allow s one to  ignore th is  facto r. F o r our sam ple o f a irlin e  industries, 

how ever, i t  ough t to  be expla ined. Therefore, we suggest the  use o f a m o b ility  index 

w h ich  d iscoun ts rank m ovem ents betw een industries close to  each o the r, w h ile  i t  puts a 

p re m iu m  on leapfrogg ing  between coun trie s ’ a irlin e  industries th a t axe fa r ap a rt. The 

m easure used is construc ted  so th a t i f  a irlines axe closer th a n  the  average re la tive  

incom e d is tance  ^ b e t w e e n  the a irlin e  indus trie s  in  the  sam ple, then  

th e  p ro b a b ility  o f leapfrogg ing is d iscounted, and v ice  versa. T hus, fo r tw o  countries 

ranked  i  and j  th e  “ incom e gap w e ig h t” , d;y, becomes

Y- — Y-j    1 J  • /

a ij (YMAX—Y MIN) I •  T  ’  1 ' ^
( A T — 1 )  \l ~ J \

w here Y  is th e  per c a p ita  incom e o f the  co u n try ’s a irlin e  in d u s try  and N  is the  

num be r o f coun tries in  the  sam ple. T h is  incom e w eight is th e n  added to  the  A J  

m easure y ie ld in g  a w eigh ted average ju m p  [W A J] measure

W A J  = I2 j= i l^ ij I K j \  Pij
W A J *

w here W A  J *  is th e  m ax im um  a tta in a b le  value o f th e  num era to r w hich occurs when 

th e  a ir lin e  in dus trie s  are clustered in  a b im oda l fash ion  and sw itch  as m any positions 

as possib le .

A g a in , these m o b ility  indexes are constructed  to  o b ta in  a sum m ary measure o f 

th e  am oun t o f m ovem ent in  our sam ples. T he o re tica lly , th e y  can range fro m  0 to
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1, as th e  num ber increases the  m ore  tra n s itio n s  are evidenced. There is a question 

o f w h a t cons titu tes  a large num ber and w h a t constitu tes a sm a ll num ber. A lso , we 

need to  be ab le  to  com pare tw o measures and determ ine when th e y  are s ta tis tic a lly  

(s ig n ific a n tly ) d iffe re n t. For b o th  o f these reasons, we need to  establish confidence 

in te rva ls  a round  th e  various ra n k  measures. T h is , in  tu rn , requires know ledge o f 

th e  d is trib u tio n s  o f the  rank m o b ility  s ta tis tic s . A lth o u g h  the  m o b ility  s ta tis tics  

are s im p le  to  im p lem en t and understand, th e y  axe based on ve ry  com plex dynam ics 

w h ich  m akes ca lcu la tin g  the  a sym p to tic  d is trib u tio n s  d iffic u lt, i f  no t im possib le . To 

get a round  th e  in tra c ta b ility  o f th e  asym pto tics, we use boo ts trapp ing  techniques to  

fin d  th e ir  d is trib u tio n s . T h is is one o f the  m a in  uses o f th e  boo tstrap , w h ich  was 

m en tioned  in  C hap te r 5.

S pec ifica lly , fro m  an app rox im a te  m odel o f the  da ta  ( in  w h ich  a ll coun tries ’ a ir­

lin e  in d u s trie s  have lin e a r g row th  paths w ith  a tre n d  break in  1972-73). N e x t, we 

b o o ts tra p  these residuals (using th e  random  le n g th  b lock technique from  P o litis  and 

R om ano (1994)) to  generate pseudo data  w h ich  is subsequently used to  reca lcu la te  

th e  various r ank measures. T he  b o o ts tra p p in g  and the  consequent s im u la tions are 

re p lica te d  extensive ly. The re su ltin g  d is trib u tio n s  axe shown in  F igures 7.2, 7.3, and 

7.4.

These d is trib u tio n s , and the  95 percent confidence in te rva ls in  Table 7.2, show 

th a t even sm a ll values fo r the  measures m ay be s ta tis tic a lly  s ign ifican t, especia lly 

fo r th e  A J  and W A J measures, and  th a t the  measures need to  increase over tim e  in  

o rd e r fo r us to  judge  movements n o t due to  random ness. N ote again th a t, a lthough  

we a tte m p t to  de term ine w hether ra n k  m ovem ents axe random  o r d e te rm in is tic , the 

m easures o n ly  in d ica te  the  am ount o f rank m ovem ents b u t cannot d is tingu ish  between 

pe rs is ten t one-w ay leapfrogging and  d e te rm in is tic  up-and-dow n rank  m ovem ents.
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F igu re  7.2

F igu re  7.3

Bootstrap D is tr ib u tio n  o f A J  R ank M o b ility  Measure

1 Year 
3 Year 
5 Year 
All Years

0.02

0.05

B ootstrap D is tr ib u tio n  o f W A J  R ank M o b ility  Measure

1 Year 
3 Year 
5 Year 
All Years

0.05

0.02
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F ig u re  7 .4  B o o ts trap  D is tr ib u tio n  o f M P  R ank M o b ility  Measure

1 Year 
3 Year 
5 Year 
Ail Years02

0.1S

02 0 4 os oJ 0 9

T a b le  7 .1  W A J, A J , and M P  M o b ility  Measures fo r the  D ata

Y e a rly 3-Year 5-Year 1960-1990
W A J 0.0056 0.0118 0.0201 0.1099

(0.0052-0.0060) (0.0096-0.0141) (0.0171-0.0231)
A J 0.0277 0.0430 0.0682 0.1818

(0.0238-0.0315) (0.0341-0.0546) (0.0549-0.0814)
M P 0.3636 0.4876 0.6061 0.6818

(0.3394-0.3879) (0.3909-0.4818) (0.5455-0.6667)

Note: The numbers in  parentheses show the measures fo r 1960—75 and 
1975-90, respectively.

T a b le  7 .2  95-Percent Confidence In te rva ls  fo r th e  R ank M o b ility  Measures

Yearly 3-Year 5-Year 1960-1990
W AJ 0.0020-0.0258 0.0072-0.0410 0.0096-0.0470 0.0808-0.1318
A J 0.0144-0.0975 0.0310-0.1345 0.0367-0.1490 0.1784-0.2631
M P 0.1880-0.7306 0.3507-0.8219 0.3846-0.8476 0.6478-0.9467

Note: The Table shows the  upper and lower lim its fo r the 95-percent con­
fidence in te rva ls.
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7 .2 .2  R esu lts  from  th e  D a ta

W e re p o rt a ll th re e  m o b ility  measures (obta ined from  a 22-by-22 tra n s itio n  m a trix ) 

since th e ir  re la tiv e  sizes reveal in fo rm a tio n  about the  type o f leapfrogging. In  general, 

a la rge  W A J o r A J  value cou ld  be due to  a re la tiv e ly  sm a ll p ro b a b ility  o f a b ig  ju m p , 

o r a  la rge  p ro b a b ility  o f a sm a ll ju m p . The M P-m easure w o u ld  be sm a ll in  th e  fo rm er 

case and large in  th e  la tte r, thus, th e ir re la tive  sizes te ll us som eth ing abo u t the  typ e  

o f m ovem ents. Hence, when com paring s im u la tion  resu lts w ith  the  d a ta  a ll th ree 

m easures should be used w hen de te rm in ing  the  f it  o f the m odel.

T ab le  7.1 presents our th re e  m o b ility  measures ca lcu la ted  fro m  th e  one-year M ar­

kov tra n s itio n  m a trices. For th e  W A J measure, the  re la tiv e  incom e d iffe re n tia ls  are 

also ca lcu la ted  annua lly . As expected, the  indices fo r annua l am ounts o f leapfrog­

g ing  are sm a ll in  abso lute values, b u t, according to  o u r s im u la ted  d is trib u tio n s , 

s ig n ific a n tly  d iffe re n t from  zero (see Table 7.2). The 30-year annual averages are: 

W A J= 0 .0056 , A J= 0 .0277 , and  M P=0.3636. T he  measures o f leapfrogg ing appear to  

evo lve  over tim e . W hen considering separate measures fo r  th e  periods 1960—75 and 

1975-90, a ll measures show a la rge r value in  the second h a lf, b u t th is  observa tion  m ay 

be due to  the  O E C D  sam ple converging in  the post-w ar p e rio d  leading to  th e  a irlin e  

in d u s trie s  g e ttin g  p ro p o rtio n a lly  closer to  each o ther. T h e  W A J m easure’s p ropor­

tio n a l increase is sm a lle r th a n  th e  A J  measure’s p ro p o rtio n a l increase, in d ic a tin g  th a t 

th is  m ig h t in  fa c t be the  case. T h is  is then  consistent w ith  th e  E aste rly  e t a l. (1993) 

a rgum ent th a t as countries ge t closer to  each o the r the  random  shocks becom e m ore 

im p o rta n t re la tiv e  to  the  tra n s itio n a l effects.

In  Tab le 7.1 th e  measures o f leapfrogging are also shown when every th ird  year 

o r eve ry f if th  year (to  rem ove business cycle effects) is used when ca lcu la tin g  the  

m o b ility  m a trix . For the W A J  measure the  incom e w e ight a t the beg inn ing  o f the  

3 (5 )-yea r pe riod  is used. A ll th ree  measures fo r bo th  3-year and 5-year da ta  increase
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re la tiv e  to  th e  annual da ta . Thus, th e  num ber o f ra n k  m ovem ents appear to  increase 

as th e  tim e  p e rio d  is extended, a fa c t m ost c le a rly  observed when we consider the 

e n tire  sam ple pe rio d  (1960-90). To ca lcu la te  the W A J measure fo r the  30-year period 

we use th e  incom e d iffe ren tia ls  w h ich  e x is t in  the in it ia l pe rio d  (1960). T he  measures 

are then  m uch la rge r in  absolute te rm s, and again, s ta tis tic a lly  s ig n ifica n t. The W AJ 

m easure becomes 0.1099, th e  A J  m easure is 0.1818 and th e  M P  measure grows to  

0.6818.

T he  sta tem en t th a t th e  m o b ility  measures increase w ith  the  extended tim e  in te rva l 

needs s ta tis tic a l supp o rt. Using o u r s im ula ted d is trib u tio n s  o f the  rank measures, 

we o b ta in  95-percent confidence in te rva ls  fo r each m easure and tim e  in te rva l. The 

resu lts  are shown in  Table 7.2. For th e  A J  measure, fo r exam ple, the  3-year in te rva l 

approach y ie lds  a 95-percent confidence in te rva l o f [0.0130 -  0.1345] w h ile  the entire  

sam ple p e rio d  resu lts  in  a confidence in te rva l o f [0.1781 -  0.2631]. T he fac t tha t 

these in te rva ls  are n o t overlapp ing  a llow s us to  conclude th a t th e  A  J measure does in  

fa c t increase w ith  th e  tim e  in te rva l. T h e  same re su lt is fou n d  fo r the  W A J measure. 

However, a ltho ugh  th e  average M P  m easure increases w ith  the  tim e  in te rva l, we are 

n o t able to  conclude w ith  95 percent confidence th a t th e  M P  measures fo r d ifferent 

tim e  in te rva ls  are s ta tis tic a lly  d iffe re n t .

T he M P  m easure does no t d is tin g u ish  between large and sm a ll rank changes (as 

i t  o n ly  considers d iagonal elem ents o f the  M arkov tra n s itio n  m a trix ) w h ile  the A J 

and W A J measures do, i t  appears as i f  the  changes in  re la tiv e  incom e positions are 

genera lly  sm a ll. However, the  sm a ll ju m p s  are no t lik e ly  due to  random ness, because 

th e  A J  m easure increases p ro p o rtio n a te ly  m ore th a n  the  M P  measure as the  tim e 

p e rio d  is extended. A ga in , the  la rge r m agnitudes fo r  longer tim e  in te rva ls  ca rry  some 

im p o rta n t im p lica tio n s . I f  rank m ovem ents are o n ly  due to  random ness, then the 

tim e  pe rio d  shou ld no t a ffect the m o b ility  measures a t a ll. Since th is  is n o t the case,
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we conclude th a t the re  are a d d itio n a l sources fo r th e  observed leapfrogg ing . In  ou r 

s im u la tio n  we exp lore  i f  these a d d itio n a l facto rs are d iffe rin g  accum u la tion  ra tes.

7.3 The Human Capital Augmented Solow Model

T h e  e m p iric a l analysis reaches tw o m a in  conclusions: the data ju s tifie s  a s tu d y  o f 

leapfrogg ing , and  the  observed leapfrogging cannot be expla ined by random ness alone. 

T h e  goal o f th e  s im u la tio n  is then  to  exp lore  w hether d iffe ring  accum u la tion  ra tes o f 

fa c to r in p u ts  are the  a d d itio n a l sources beh ind  th e  ra n k  m ovem ents as p re d ic te d  

b y  th e  s tanda rd  neoclassical m odel. O u r p re d ic tio n  is th a t rank m ovem ents due  to  

d iffe rin g  a ccum u la tion  ra tes (i.e . d iffe re n t steady sta tes) w ill surface over tim e , w h ile  

an added p ro d u c tiv ity  shock w ill accom m odate sho rt run  rank m ovem ents. T h e  

w o rk in g  hypo thesis is th a t th e  neoclassical m odel w ill achieve tw o  goals, one, y ie ld  

ra n k  measures s im ila r to  th e  data, and tw o, y ie ld  g ro w th  paths consistent w ith  the  

observed.

C onsider a s im p le  Solow  m ode l extended to  in c lude  hum an c a p ita l as in  M a n k iw  

e t a l. (1992). For each a ir lin e  in dus try , le t o u tp u t Y  be produced b y  phys ica l c a p ita l 

K , hum an c a p ita l H , and la b o r L  according to  the  p rodu ction  fu n c tio n

Yt =  K ? H ? (A tL ty - a- p,

w here A  represents labor-augm enting  techno log ica l progress. T he  econom y is  also 

su b je c t to  th e  usua l tra n s itio n  equations where la b o r grow th (n ), physica l c a p ita l 

in vestm en t ra te  (s k ), and th e  hum an c a p ita l investm en t rate (s h ) axe a llow ed to  

d iffe r across coun tries.

E xpressing th e  m odel in  term s o f per u n it o f e ffective  labor (A L ), and fin d in g  the  

so lu tio n  fo r th e  balanced g ro w th  pa th  y ie lds  the  steady sta te  o u tp u t pe r e ffective  u n it
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o f la b o r
" 1 — a — 0

*  * F T V f fy ( n + g  +  8)a+P

W e de rive  th e  pred ictions fo r the  augm ented Solow m ode l fo r its  behavio r ou t o f 

s teady s ta te  to  ob ta in  the  fo llow ing  d iffe re n tia l equa tion

In  Vt2 =  (1 “  e_Ax) W “ +  e_Ar In  yt l ,

w here r  — t 2 — t i  and A =  (1 — a  — j3)(n  +  g +  6).

Before th e  s im u la tio n  is ca rried  o u t the  m odel is p u t in to  re la tiv e  term s [s im ila r 

to  Jones (1995)]. A ll variab les are considered re la tiv e  to  th e  U .S ., the  1960 incom e 

leader:
Vt

y ‘ ~  y ? s

S u b s titu tin g  and rearrang ing y ie lds

ln y t2 =  (1 -  e-A r) In  y* +  e-A r ln  yh +  (1 — e_Ar) In  A 0 +  g (t2 -  e_Art i )

w here y  now  represents incom e. T h is  equation  can be expressed as the  fo llo w in g  

d iffe re n tia l equa tion  w h ich  we use in  th e  s im u la tions

ln jf t+T =  ( l - e “ Ar) ln y *  +  e~ATln y to +  (1 -  e "Ar) In  A0 (7 .1 )

w here r  goes fro m  1 to  30 (corresponding to  the  1960 to  1990 pe rio d ).

7.4 Simulations

A ll s im u la tio n s  are based on (7.1) in  w h ich  a ll variab les are expressed re la tive  to  

th e  U n ite d  S tates. Each co u n try ’s a ir lin e  in d u s try ’s re la tiv e  steady s ta te  param eters 

s~k , s~h , A , and n , as w e ll as the  a c tu a l re la tiv e  incom e levels o f 1960, are su b s titu te d  

fo r y “. Thus we assume th a t countries are o u t o f th e ir steady states in  1960, b u t over
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the  30-yeax-period th e y  grow tow ard  th e ir  own steady states. Therefore one w ould  

lik e  to  es tim a te  th e  steady state values fo r each coun try. A ga in , the m odel allow s 

the in ves tm en t rates, th e  popu la tion  g row th  ra te , and the  re la tiv e  technology level 

to  endogenously evolve over tim e  to  th e  steady s ta te  levels. However, e s tim a tin g  

the  steady s ta te  values based on “ fundam enta ls” , such as preferences, taxes, p o litic a l 

in s ta b ility  e tc ., is ex trem e ly  d iffic u lt. Instead we fo llo w  Jones (1995) in  using recent 

da ta  fro m  each co u n try  to  proxy fo r th e  steady s ta te  values [see Tab le  7.3]. In  fac t, 

we use th e  same de fin itio n s  and num bers as Jones, w h ich  axe:

•  F o r th e  phys ica l investm ent rates and the  p o p u la tio n  g row th  rates, Jones uses 

th e  d a ta  fo r the  pe riod  1980-90 fro m  Sum m ers and Heston, P W T  5.6.

•  F o r th e  hum an ca p ita l investm ent ra te , he uses the  SC H O O L variab le  fro m  

M a n k iw  e t a l. (1992).

•  F o r th e  re la tiv e  technology leve l, an estim a te  o f the  re la tiv e  leve l o f H a rrod - 

n e u tra l m u ltifa c to r p ro d u c tiv ity  in  1990 is used. T h is  is th e  “ levels” equ iva lent 

o f th e  Solow residua l and therefore  captures eve ry th in g  no t a lready inc luded  in  

th e  p ro d u c tio n  fu n c tio n .

T h e  re s u ltin g  m ode l is then a llow ed to  grow  over a th ir ty  year period  a t w h ich  

p o in t th e  s im u la tio n  resu lts are com pared to  th e  da ta . S ix d iffe ren t s im u la tions are 

perfo rm ed . T he  benchm ark is based on the  assum ptions o f M a n k iw  et a l. (1992), 

w h ile  th e  a d d itio n a l fiv e  are carried o u t in  order to  test w hether d iffe ren t e rro r s truc­

tures can a id  in  exp la in in g  the  data.

7 .4 .1  B en ch m ark

F rom  th e  hum an ca p ita l augmented Solow m odel i t  is clear th a t we need a few  pa­

ram eters. Based on M ank iw  et al. (1992), we m ake the  fo llo w in g  assum ptions: a , /?,
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T ab le  7.3 Estim ates of Steady State Variables

Country Yq A SfC SfC S f f  S f f  Tl
USA 1 1 0.210 1 0.119 1 0.011

Canada 0.73 0.92 0.253 1.20 0.106 0.92 0.011

Japan 0.30 0.41 0.338 1.61 0.109 0.89 0.008

Austria 0.52 0.80 0.247 1.18 0.Q80 0.67 0.008

Belgium 0.56 0.93 0.207 0.99 0.093 0.78 0.005

Denmark 0.68 0.44 0.215 1.02 0.117 0.90 0.006

Finland 0.53 0.47 0.320 1.52 0.115 0.97 0.007

France 0.59 1.02 0.252 1.20 0.089 0.75 0.010

Germany 0.66 0.72 0.245 1.17 0.084 0.71 0.013

Greece 0.21 0.40 0.199 0.95 0.079 0.66 0.005

Ireland 0.33 0.65 0.238 1.13 0.114 0.96 0.007

Italy 0.46 1.12 0.244 1.16 0.071 0.60 0.007

Netherlands 0.61 0.93 0.210 1.00 0.107 0.90 0.013

Norway 0.57 0.53 0.276 1.31 0.100 0.84 0.009

Portugal 0.19 0.79 0.207 0.99 0.058 0.49 0.003

Spain 0.32 1.04 0.239 1.14 0.080 0.67 0.009

Sweden 0.77 0.67 0.212 1.01 0.079 0.66 0.007

Switzerland 0.95 0.71 0.306 1.46 0.048 0.40 0.010

Turkey 0.16 0.24 0.221 1.05 0.055 0.46 0.024

U K 0.69 0.85 0.171 0.81 0.089 0.75 0.005

Australia 0.79 0.63 0.269 1.28 0.098 0.82 0.019

New Zealand 0.80 0.36 0.241 1.15 0.109 1.00 0.015
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and. g +  5 are assumed to  be constan t across coun tries, and n , spc, s h , and A  are 

assumed to  vary across coun tries

T he  p rodu ction  param eters, a  and. /?, are assumed to  be 1 /3 , accord ing to  recent

convergence lite ra tu re . T he  o th e r constan t param eters, g, w h ich  re flects p rim a rily

the  advancem ent o f know ledge w h ich  is n o t coun try-specific , and. 5, the  deprecia tion  

ra te , are assumed to  add up to  0.05, w h ich  are th e  num bers used in  M a n k iw  e t al. 

(1992). However, Jones (1995) assumes th a t th e y  sum  to  0.075.

7 .4 .2  S im ulation  w ith  an  E rror T erm

W e add random  noise to  th e  hum an c a p ita l augm ented Solow m ode l to  de term ine 

w he the r the  cross-country da ta , w ith  respect to  ra n k  m ovem ents, can be exp la ined 

by th e  standard neoclassical g ro w th  m ode l w ith  d iffe re n t accum u la tion  rates and a 

random  disturbance. T he  covariance m a tr ix  is constructed  fro m  th e  da ta  using  five  

d iffe re n t assum ptions o f th e  e rro r s tru c tu re : hom oscedasticity, he te roscedastic ity , het- 

eroscedastic ity w ith  cross-country co rre la tio ns , au toco rre la tion , and  au toco rre la tion  

w ith  h a lf the  variance.

Each covariance m a tr ix  is cons truc te d  using the  OLS residuals o f the  m odel

Y it  =  t/3{ +

w here Y& is the log  o f co u n try  i ’s re la tiv e  GDP value a t tim e  t  and /?,- is th e  tim e  

tre n d  fo r coun try  i. T h a t is, we m ode l re la tive  G D P values as a  lin e a r tim e  trend . 

F u rth e r, we fix  the  re la tiv e  G D P va lue  o f the  US a t one, and do n o t in c lude  i t  in  the 

e s tim a tio n  o f the covariance m a trice s.

F rom  our estim ate, we co n s tru c t a coveriance m a tr ix  f i ,  w h ich  is used to  add 

random  noise to  (7 .1 ). W e con s tru c t b o o ts tra p  samples

In ybt+r =  (1 — e_Ar) In  ym +  &~Xt In  yto +  (1 -  e_Ar) In  A 0 +  e6, (7.2)
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w here  eb is a n o rm a l random  va ria b le  draw n fro m  N (0 ,f2 ) and In  yb+T is o u r boo t­

s trapped  re la tiv e  incom e. T h is  is a p a ra m e tric  boo ts trap . The covariance m a tr ix  f t ,  

es tim a ted  fro m  the  least squares residua ls, is based on one o f five  m odels exp la ined 

be low .

T he  firs t covariance m a tr ix  is constructed  under th e  assum ption th a t erro rs axe 

hom oscedastic; th a t is, th e  variance o f each coun try ’s a irlin e  in d u s try  is constan t and 

equa l over a ll tim e  periods. T h e  second covariance m a tr ix  is constructed  based on the  

assum ption  th a t th e  errors axe heteroscedastic so th a t each co u n try ’s a irlin e  in d u s try  

has a d iffe re n t variance, b u t re m a in  constant over tim e . For the  th ird  covariance 

m a tr ix , we keep th e  assum ption  o f heteroscedastic e rro r, b u t add cross-country cor­

re la tio n . T h is  cross-country co rre la tio n  is fixed  over tim e , b u t varies over each p a ir 

o f coun tries. F o u rth , we e s tim a te  a covariance m a trix  where each c o u n try ’s a irlin e  

in d u s try  has its  own A R (1 ) d is tu rbance . O u r estim ate o f the  p is g iven b y

-  1 *
r *‘ =  1 ~  2* ’

w here  d{ is th e  D u rb in -W a tso n  s ta tis tic  fo r the  hypothesis th a t p — 0. T he re  axe 

no  cross-country effects in  th is  covariance m a trix . F in a lly , we use th e  A R (1 ) m odel 

covariance m a tr ix  w ith  h a lf th e  variance.

7.5 Sim ulation R esults

F igu re  7.5 shows the  g ro w th  paths o f a ll the  coun tries ’ a irlin e  indus trie s  fo r the 

ben ch m ark  m odel. F rom  th e  p ic tu re , i t  is apparent th a t the  benchm ark m odel 

d isp lays some leapfrogg ing , w h ich  th e  m o b ility  measures in  Tables 7.4-7.6 con firm . 

H ow ever, T ab le  7.4 shows th a t th e  annual m o b ility  measures fo r the  benchm ark axe 

m u ch  below  th e  da ta . These resu lts  rem a in  fo r the every th ird  year m o b ility  mea­

sures (Tab le  7.5). T he  d is p a rity  is dec lin ing , however, when we consider the  en tire
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F ig u re  7 .5  B enchm ark G ro w th  P a th

I

tim e  in te rv a l (Table 7.6), the measures axe a c tu a lly  greater fo r th e  benchm ark. T h is 

fin d in g  can be exp la ined by the  g ro w th  paths o f th e  benchm ark be ing  dete rm ined  by 

th e  coun trie s ’ a irlin e  industries ’ d iffe rin g  steady states, an effect w h ich  s low ly  surfaces 

as tim e  passes. T he benchm ark s im u la tio n  thus shows th a t leapfrogg ing is a de fin ite  

fe a tu re  o f th e  standard neoclassical m odel, especia lly  in  the  long  rim . W hen we add 

an e rro r to  the benchm ark m odel, the  m o b ility  measures a ll im p rove  re la tiv e  to  the 

benchm ark. The annual, 3-year and 5-year M a rko v  tra n s itio n  m atrices now  d isp lay 

m ore  leapfrogging, w h ile  the measures decline over th e  en tire  tim e  period . B o th  ef­

fects b rin g  the  measures closer to  the  data  resu lts . A ga in , th e  neoclassical m odel 

succeeds in  accom m odating the  am ount o f leap frogg ing  shown in  the  data; over the 

sho rt periods, the f i t  can be exp la ined  by random  shocks, w h ile  over longer periods an 

exp la n a tio n  is p rovided  by coun tries ’ a irlin e  in dus trie s  tra n s itio n s  to  d iffe rin g  steady 

states. T he  results fo r the s im u la ted  m o b ility  measures are also g iven in  Tables 7.4- 

7.6. W e believe i t  possible to  app rox im a te  th e  da ta  m o b ility  measures by changing 

th e  e rro r structures app ropria te ly .

— t
---------- ^ irtT X X -

< U l

1975
Y«r
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T a b le  7 .4  Measures Using Annual Markov Matrices

D a ta 1 2 3 4 5 6
W AJ 0.0056 0.0006 0.0180

(0.0058)
0.0150

(0.0061)
0.0094

(0.0056)
0.0126

(0.0047)
0.0079

(0.0033)
AJ 0.0277 0.0089 0.0861

(0.0274)
0.0678

(0.0227)
0.0525

(0.0237)
0.0648

(0.0212)
0.0496

(0.0178)
M P 0.3636 0.1273 0.6045

(0.1065)
0.5768

(0.1184)
0.4958

(0.1432)
0.5384

(0.1108)
0.4720

(0.1157)

Note: 1. Benchm ark model, 2. w ith  homoscedastic error, 3. with, het­
eroscedastic e rro r, 4. w ith  heteroscedastic e rro r and cross-country correlation, 
5. w ith, autocorrelated error, 6. w ith  autocorrelated error, ha lf the variance. 
Standard errors in  parenthesis.

T a b le  7 .5  Measures U sing T h ird  Year M a rko v  M atrices

D a ta 1 2 3 4 5 6
W AJ 0.0118 0.0051 0.0186

(0.0060)
0.0156

(0.0062)
0.0105

(0.0058)
0.0221

(0.0069)
0.0148

(0.0049)
A J 0.0430 0.0250 0.0872

(0.0290)
0.0701

(0.0243)
0.0560

(0.0251)
0.0944

(0.0286)
0.0733

(0.0241)
M P 0.4876 0.3045 0.6032

(0.1088)
0.5808

(0.1232)
0.5078

(0.1441)
0.6241

(0.1033)
0.5653

(0.1086)

Note: 1. Benchmark m odel, 2. with, homoscedastic error, 3. w ith  het­
eroscedastic e rro r, 4. w ith  heteroscedastic erro r and cross-country correlation, 
5. w ith  auto correlated error, 6. w ith  autocorrelated error, ha lf the variance. 
Standard errors in  parenthesis.
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T a b le  7.6 Measures Using Entire Period M arkov M atrices

D a ta 1 2 3 4 5 6
W AJ 0.1099 0.1115 0.0872

(0.0093)
0.0874

(0.0092)
0.0878

(0.0100)
0.0920

(0.0135)
0.0879

(0.0100)
A J 0.1818 0.1875 0.2170

(0.0224)
0.2159

(0.0186)
0.2165

(0.0197)
0.2209

(0.0277)
0.2180
(0.231)

M P 0.6818 0.7273 0.7943
(0.0596)

0.7926
(0.0670)

0.8021
(0.0601)

0.7987
(0.0655)

0.7957
(0.0610)

Note: 1. Benchmark model, 2. w ith  homoscedastic error, 3. w ith  het­
eroscedastic error, 4. w ith  heteroscedastic error and cross-country corre lation,
5. w ith  auto correlated error, 6. w ith  auto correlated erro r, h a lf the variance. 
S tandard errors in  parenthesis.

T h e  question  rem ains o f w hether th e  measured m o b ility  is o f th e  r ig h t “ n a tu re ” . 

In  fa c t, a p ro b le m  appears w hen we consider the  a c tu a l incom e levels and rank ings o f 

the  benchm ark s im u la tio n . Table 7.7 shows the la s t yea r rankings fo r  da ta  and th e  

benchm ark; a ltho ugh  some countries’ a irlin e  in d u s trie s ’ rank ings are close (espec ia lly  

a t e ith e r ex tre m e ), i t  is ev iden t th a t th e  m odel fa ils  in  e x a c tly  re p lic a tin g  the  d a ta  in  

th is  respect. A d d in g  an e rro r to  the  benchm ark does n o t, on average, im p rove  th e  la s t 

year rank ings. T h is  is the  re su lt o f the  e rro r being assum ed n o rm a lly  d is tr ib u te d  w ith  

zero m ean. There fore , the  m odel m ig h t n o t capture  th e  co rre c t k in d  o f leap frogg ing . 

M ost n o te w o rth y  is the fa c t th a t th e  benchm ark  p re d ic ts  th a t Japan w ill no t advance 

in  ra n k in g , w h ile  the da ta  shows Japan as a g row th  m ira c le . T he  same is tru e  fo r 

N orw ay, and conversely so fo r B e lg ium , France, and th e  N e the rlands. T h is  is a 

fa ilu re  th a t we fee l is p o te n tia lly  im p o rta n t, and w h ich  m ay also be present in  stud ies 

o f convergence.

Based on  these resu lts, we conclude th a t the  hum an c a p ita l augm ented Solow  

m ode l shows good results in  accom m odating the  d a ta  w ith  respect to  th e  am ount o f
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ra n k  m ovem ents. A lso, the  Solow m ode l does rem a rkab ly  w e ll fo r th e  m ost p rodu ctive  

coun trie s ’ a irlin e  industries (U .S . and C anada) and fo r the least p ro d u c tive  coun tries’ 

a irlin e  in d u s trie s  (Turkey, Greece, P o rtu g a l, Ire la n d , and S pa in ). A t the  same tim e, 

th e  neoclassical m odel provides poorer re su lts  in  term s o f g iv in g  a com ple te  p ic tu re  

o f th e  o rig in  o f leapfrogging as the  m ode l fa ils  in  e xp la in in g  th e  m ovem ents o f most 

o f th e  o th e r na tions’ industries, such as Japan and N orw ay (see Table 7 .7 ). H aving 

said th a t, one fea t o f the  m odel is th a t i t  p icks  up N ew  Zealand as a g ro w th  disaster. 

In  th e  end, we feel i t  is fa ir  to  s ta te  th a t th e  m ode l is no t q u ite  su ffic ien t in  exp la in ing  

th e  ra n k  m ovem ents observed in  th e  da ta . H ow ever, i t  is tru e  th a t the  s im u la tions 

are o n ly  as good as our estim ated  param eters. In  p a rtic u la r, we feel th e  estim ated 

re la tiv e  e ffic iency levels g iven to  us b y  th e  m ode l appear som ewhat nonsensical fo r 

some o f th e  countries. For instance, th e  m a in  reason the  benchm ark fa ils  in  exp la in ing  

th e  advancem ent o f Japan is th a t its  s teady s ta te  e ffic iency com pared to  th e  U.S. is 

0.41 (see Tab le  7.3). A t the  same tim e , I ta ly  appears destined to  becom e th e  most 

e ffic ie n t co u n try  in  the steady sta te .

7.6 Conclusions

T he  O E C D  sam ple does d isp lay a fa ir  am oun t o f leapfrogg ing. Based on o u r results 

fro m  th e  da ta , annually, the re  is a low  p ro b a b ility  fo r rank m ovem ents, w he the r or 

n o t one accounts fo r th e  re la tive  “ closeness”  o f incom e levels. However, as th e  tim e  

p e rio d  und e r consideration is extended, m ore  leapfrogg ing is observed. T h is  im plies 

th a t re la tiv e  incom e sh ifts  are n o t random  (w h ic h  we v e rify  s ta tis tic a lly ) . T h e  re la tive  

size o f th e  th ree  rank measures in d ica te  q u ite  a few  incom e sh ifts , w h ich  axe genera lly 

sm a ll “ ju m p s ” . The measures o f leap frogg ing  m igh t have increased betw een the  firs t 

h a lf and th e  second h a lf o f our sam ple p e rio d , as p red ic ted  by  a neoclassical m odel 

w ith  an added random  shock. However, th is  increase is n o t s ta tis tic a lly  s ig n ifica n t.
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T he  in tro d u ce d  ra n k  m o b ility  measures axe able to  establish ra n k  m ovem ents, bu t 

p e rfo rm  m uch  b e tte r in  term s o f the am ount as opposed to  the n a tu re  o f leapfrogging. 

T he  question  rem ains w he the r leapfrogg ing is a s ig n ifica n t paxt o f the  grow th process 

o f th e  O E C D  sample? I t  has been shown th a t ra n k  m ovem ents do ex is t, and they  

are n o t p u re ly  random . T he  fa c t th a t th e  am ount o f sh ifts  is n o t enormous is no t as 

re levan t; i f  we believe th a t coun tries’ a irlin e  industries fo llow  th e  same grow th process 

th e n  even th e  sm a ll am ount o f m ovem ents shown here axe p e rtin e n t.

T he  s im u la tio n  o f th e  hum an c a p ita l augm ented Solow m ode l, a llow ing  fo r d iffe r­

ent accu m u la tio n  rates, p rov id e  us w ith  m o b ility  resu lts which axe annually  poor, b u t 

w h ich  im p ro ve  w ith  the  tim e  in te rva l. However, s im u la ted  la s t pe riod  rankings axe 

o fte n  q u ite  d iffe re n t fro m  the  observed ones. As randomness is added to  the m odel, 

we o b ta in  b e tte r m o b ility  measures; th e y  axe now closer bo th  a n n u a lly  and fo r longer 

tim e  periods. F in a l p e rio d  rankings do n o t im prove over the benchm ark since random  

shocks cancel o u t over tim e . Therefore, the  neoclassical m odel is  able to  supp ly the 

am oun t o f ra n k  m ovem ents fo r the O E C D  a irlin e  industries, b u t i t  seems as i f  the 

o rig in  o f leapfrogg ing  th a t i t  accom m odates (random  shocks in  the  short ru n  and 

steady s ta te  tra n s itio n s  in  the  long ru n ) does not q u ite  agree w ith  w hat is observed in  

th e  da ta . T he re  appears to  be m ore to  leapfrogging th a n  random  shocks and fa c to r 

in p u t accum u la tions. A lso , a lthough  th is  chapter does not deal w ith  the  convergence 

issue, i t  has been shown elsewhere th a t th e  O ECD countries d isp la y  b o th  convergence 

and ca tch-up . However, th e  hum an c a p ita l augm ented Solow m ode l rem ains la rge ly  

unab le  to  re p lica te  ac tu a l g row th  p a tte rn s  o f the O EC D  sample in  the  postw ar period .
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T ab le  7 .7 Last Year Rankings for D ata and Simulations

C o u n try  D ata 1 2 3 4  5 _________6
USA 1 1 1.0 (0.03) 1.0 (0.00) 1.0 (0.00) 1.0 (0.00) 1.0 (0.03)

Canada 2 2 2.0 (0.19) 2.0 (0.08) 2.0 (0.00) 2.1 (0.34) 2.0 (0.19)

Japan 8 19 19.0 (0.22) 18.8 (0.53) 18.9 (0.28) 17.2 (3.12) 19.0 (0.23)

Austria 15 14 12.9 (2.14) 12.3 (1.68) 13.7 (1.08) 13.0 (2.83) 12.8 (2.23)

Belgium 12 5 6.1 (2.21) 5.7 (1.93) 5.6 (1.16) 6.2 (2.88) 6.1 (2.22)

Denmark 10 15 13.5 (2.08) 14.1 (1.14) 14.2 (1.08) 14.1 (1.28) 13.5 (2.04)

Finland 9 10 9.5 (2.60) 9.5 (2.46) 9.5 (1.78) 9.5 (3.02) 9.5 (2.66)

France 11 3 3.6 (1.10) 3.3 (0.75) 3.1 (0.32) 4.0 (1.78) 3.6 (1.10)

Germany 7 12 11.3 (2.54) 11.6 (1.59) 11.6 (1.00) 11.6 (2.14) 11.3 (2.60)

Greece 21 21 21.0 (0.14) 20.9 (0.34) 21.0 (0.12) 20.6 (0.70) 21.0 (0.14)

Ireland 19 18 17.5 (0.64) 17.6 (0.65) 17.6 (0.62) 17.7 (0.85) 17.5 (0.69)

Ita ly 16 11 11.1 (2.57) 11.3 (2.05) 11.3 (1.58) 11.2 (2.69) 11.0 (2.62)

Netherlands 14 4 5.4 (1.99) 5.1 (1.80) 5.0 (1.45) 6.2 (3.50) 5.5 (2.03)

Norway 4 13 13.0 (2.29) 13.3 (1.89) 13.5 (1.73) 13.1 (2.95) 12.9 (2.34)

Portugal 20 20 20.0 (0.14) 20.1 (0.34) 20.2 (0.12) 20.2 (0.57) 20.0 (0.14)

Spain 18 17 17.4 (0.65) 17.4 (1.01) 17.3 (0.86) 16.4 (3.57) 17.4 (0.67)

Sweden 5 8 8.5 (2.61) 8.2 (1.74) 8.2 (1.25) 8.3 (2.04) 8.6 (2.74)

Switzerland 3 7 7.0 (2.47) 6.6 (1.91) 6.3 (1.43) 6.7 (2.28) 7.0 (2.51)

Turkey 22 22 22.0 (0.00) 22.0 (0.00) 22.0 (0.00) 22.0 (0.00) 22.0 (0.00)

U K 13 6 6.9 (2.38) 6.5 (1.77) 6.4 (2.17) 6.7 (2.42) 6.9 (2.39)

Australia 6 9 9.0 (2.55) 8.9 (1.58) 8.9 (1.35) 8.9 (1.92) 9.1 (2.66)

New Zealand 17 16 15.5 (1.16) 15.9 (0.87) 16.0 (0.67) 15.7 (1.73) 15.5 (1.32)

Note: 1. Benchmark model, 2. Benchm ark plus homoscedastic error, 3. 
Benchmark plus heteroscedastic e rro r, 4. Benchmark plus heteroscedastic er­
ro r and cross-country correlation, 5. Benchmark plus autocorrelated error, 6. 
Benchmark plus autocorrelated erro r, h a lf variance. The values in  parentheses 
are the standard deviations o f the estimates o f rankings from  the sim ulations.
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Chapter 8 

General Conclusions

T h is  d isse rta tion , has addressed several issues in  dom estic and in te rn a tio n a l a irlin e  

econom ics, as w e ll as some app lica tions o f th e  b o o ts tra p  to  e m p iric a l analysis. In  

th e  firs t C h a p te r, we presented a m ode l o f U .S. a irc ra ft dem and. O ur jo in t m ode l o f 

dem and a n d  su p p ly  fo r com m ercia l a ir  service and th e  inferences about the dem and 

fo r a irp lanes th a t are em bedded in  th a t m odel a llow ed us to  s im u la te  the effects o f 

em erging technologies in  engine design ca pa b ilitie s  and  in  a irfra m e  capacities in  te rm s 

o f m o d ific a tio n s  in  the  cha racte ris tics  o f the  planes in  service. W e were able to  s im ­

u la te  th e  g ro w th  in  to ta l system  dem and fo r service  and, thus, fo r  fa c to r in p u ts  such 

as planes. W e also were ab le  to  exam ine the  im p a cts  th a t em erging technologies th a t 

focus on eng ine  fu e l e ffic iencies and noise aba tem ent characte ris tics on the  dem and 

fo r a irc ra ft.

In  C h a p te r 3, C o m p e titio n  in  th e  European A ir lin e  In d u s try , we exam ined the  

p ro d u c tiv itie s , e ffic iencies, and m arke t conduct o f firm s  in  the  European a irlin e  in ­

d us try . W e fo u n d  w ha t appears to  be convergence in  several o f the  m a jo r sources 

o f fa c to r p ro d u c tiv ity  to  th e  standard  o f the  un regu la ted  in d u s try  in  the U .S ., ine f­

fic ie n cy  d iffe re n tia ls  th a t are su b s ta n tia lly  m odera ted  by the co m p e titive  pressures 

induced b y  m easures p u t in  place th ro ugh  the  E uropean U n ion , and lit t le  evidence 

th a t c o m p e titiv e  p ric in g  is  v io la te d  on average. W he the r o r n o t selected firm s  in  

th e  in d u s try  are cand ida tes fo r takeover o r w hat p o te n tia l exists fo r  selected firm s  to  

jo in  in  s tra te g ic  a lliances, m ergers, a n d /o r s im p le  code-sharing arrangem ents is  not 

exp lored in  th is  chap te r. I t  w ould  appear, however, th a t a com b in a tion  o f aggressive 

c o s t-c u ttin g , e x p lo ita tio n  o f the  p ro d u c tio n  ca p a c ity  o f low er-cost U .S. carrie rs and
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m a rke tin g  alliances w ill continue to  d rive  the  European in d u s try  as the  d yn a m ic  o f 

th e  c o m p e titiv e  m axket continues to  ra tio n a lize  a irlin e  firm  decision-m aking.

T he  th ird  C hapte r, A  M ode l o f W orld  A irc ra ft Dem and, developed a m ethod 

to  forecast fleet size in  the  in te rn a tio n a l a irlin e  industry . T h e  m odel used a de­

m and m ode l fo r a ir  tra v e l and lin k e d  th is  to  a cost m odel fo r a ir  tra ve l p ro d u c tio n . 

F rom  de rive d  dem and equations fo r the  factors o f p rodu ction , we could p re d ic t fleet 

size g iven  any num ber o f possible scenarios. O ur m ethod allow ed fo r endogeneity 

o f o u tp u ts . The cost m odel seemed fine, b u t o u r dem and d a ta  was som ewhat lack­

ing . O u r estim ates o f dem and g ro w th  seemed unreasonable. W e w ill need to  o b ta in  

w o rld  da ta  on dem and th a t is less aggregated. T icke t prices fro m  p a rtic u la r a irp o rts , 

co m p e tito rs  tic k e t prices, and unem ploym ent da ta  w ould su b s ta n tia lly  im p rove  the 

estim ates. W ith  a irp o rt specific da ta , we cou ld  inc lude c ity  dum m ies to  capture  

“ to u ris m  effects.”  T he re  were problem s, however. Except fo r th e  O ECD coun tries, 

unem p loym ent da ta  is d iffic u lt to  fin d . W h ile  i t  m ay be d iffic u lt to  ob ta in  b e tte r data  

on a ir  tra v e l dem and, th is  w ill be o f th e  greatest benefit w ith  o u r m odel, and we w ill 

be able to  b e tte r p re d ic t w o rld  a irc ra ft dem and.

T he  fo u rth  chap te r exam ines boo tstrap  estim ators and heterogeneous and au­

to c o rre la tio n  consistent (H A C ) covariance estim ato rs. We de ta iled  the m e th od  fo r 

do ing  standard , p a ir, w ild  and b lo ck  bootstraps, as w e ll as the  Andrew s and M onahan 

(1991) H A C  covariance es tim a to r. T he  M onte C arlo  evidence suggested th a t th e  boo t­

s tra p p in g  techniques w o rk  w e ll in  sm a ll samples and is m ore su ita b le  than  a sym p to tic  

a pp ro x im a tions .

In  C hapter 6, B oo ts trapped  A irc ra ft Cost M odel Confidence and P re d ic tio n  In te rva ls , 

we used th e  boo ts trap  to  com pute confidence in te rva ls  fo r A llen -U zaw a and M o rish im a  

p a rtia l e la s tic itie s  o f s u b s titu tio n  as w e ll as p rice  e lastic ities. W e also used th e  boo t­

s trap  to  fin d  p re d ic tio n  in te rva ls  fo r forecasts o f U .S. a irlin e  fle e t sizes.
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T he  s ix th  C hapter, A p p lica tio n s  o f the  G ro w th  L ite ra tu re  to  th e  A irlin e  Indus try , 

suggested an a p p lica tio n  o f leapfrogging measures to  the a irlin e  indus try . A  deta iled 

lo o k  a t H u ltb e rg  and P ostert (1998) was presented. We found  th a t the  O ECD sample 

does d isp la y  a fa ir  am ount o f leapfrogging. T he  measures o f leapfrogging m ig h t have 

increased between the  firs t h a lf and the  second h a lf o f our sam ple period as p red icted  

b y  a neoclassical m odel w ith  an added random  shock. However, th is  increase is not 

s ta tis tic a lly  s ig n ifica n t. T he  in troduced  rank m o b ility  measures were able to  establish 

ra n k  m ovem ents, b u t perform ed m uch b e tte r in  te rm s o f the  am oun t as opposed to  the 

n a tu re  o f leapfrogging. W e also s im u la ted  the  hum an ca p ita l augm ented Solow m odel, 

a llow ing  fo r d iffe re n t accum ula tion  rates, w h ich  p rov ided  us w ith  m o b ility  resu lts th a t 

are a n n u a lly  poor, b u t im prove w ith  th e  tim e  in te rv a l. However, s im u la ted  la s t period 

rankings are o fte n  q u ite  d iffe ren t fro m  the  observed ones. As randomness was added to  

th e  m ode l we ob ta ined  b e tte r m o b ility  measures; th e y  were closer bo th  ann ua lly  and 

fo r longer tim e  periods. F in a l pe rio d  rankings d id  not im p rove  over the  benchm ark 

since random  shocks cancel ou t over tim e . Therefore, th e  neoclassical m odel was 

ab le  to  supp ly  th e  am ount o f ra n k  m ovem ents fo r the  O EC D  a irlin e  industries, b u t it  

seems as i f  th e  o rig in  o f leapfrogging i t  accom m odates d id  n o t q u ite  agree w ith  w hat 

was observed in  the  data.
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Appendix A

U.S. D ata

T h e  a irlin e  p ro d u c tio n  da ta  set inc ludes fo u r in p u ts : labor; energy; flig h t cap i­

ta l; and  a res idua l category ca lled  m a te ria ls  th a t includes supplies, ou ts ide  services, 

and  n o n flig h t ca p ita l. T h e  da ta  set also inc ludes tw o ou tp u ts : scheduled and a non­

scheduled revenue passenger-m iles. A d d itio n a lly , i t  includes two ne tw o rk  tra its : stage 

le n g th  and load  fa c to r. F lig h t c a p ita l is  described by fo u r a irc ra ft a ttr ib u te s ; the  aver­

age size (m easured in  seats); th e  average age; and the separate p ropo rtions o f a irc ra ft 

in  th e  flee t th a t are je t pow ered o r w ide -bod ied  designs.

T h e  m ost com prehensive da ta  set includes in fo rm a tio n  fo r th e  17 largest U .S. 

a ir  ca rrie rs  th a t were o pe ra ting  a t th e  tim e  o f deregu la tion , o r th e ir  descendant a ir­

lin e s . T he  ca rrie rs  in c luded  are A m e rica n , Eastern, T rans W orld , U n ite d , B ra n iff 

In te rn a tio n a l, C o n tin e n ta l, D e lta , N o rthw e st, W estern, U S A ir, F ro n tie r, N o rth  Cen­

tra l,  P iedm on t, O zark, S outhern , R e p u b lic  and Texas In te rn a tio n a l. T h is  provides 

n e a rly  to ta l coverage o f scheduled a ir  tra ffic  b y  1990, th e  data set’s end. T h is  in fo r­

m a tio n  is q u a rte rly , a ir-ca rrie r-sp e c ific  in fo rm a tio n  and resu lts in  1,137 to ta l observa­

tio n s . A tte n tio n  was re s tric te d  to  th e  tra d itio n a l ce rtifica te d  carriers because ro u tin e  

d a ta  re p o rtin g  was w e ll-estab lished fo r  th e m  a t the  tim e  o f deregulation. New en tran ts  

can be added to  th is  da ta  set w ith  som e d iffic u lty . However, i t  should be rem em bered 

th a t these ca rrie rs  have l i t t le  experience in  p ro v id in g  th e  o ften  burdensom e re p o rtin g  

re q u ire d  by D O T  Form  41 and th a t noncom pliance resu lts  in  v ir tu a lly  no sanctions. 

C onsequently, new  e n tra n t da ta  te n d  to  be o f s ig n ific a n tly  lower q u a lity . T he  version
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o f th e  d a ta  described in  m ore d e ta il be low  provides the  largest, cleanest da ta  ava ilab le  

on  th e  p ro d u c tio n  o f U .S.-scheduled passenger a ir tra n sp o rt.

T h e  procedure  used in  co ns truc ting  th e  da ta  set has changed considerably over 

th e  la s t decade. As m ore and m ore da ta  sources become available, i t  w ill change 

fu rth e r. O ne o f the m ost s ign ifican t fac to rs  in  these changes has been an ada p ta tion  

to  th e  changes in  the re p o rtin g  requ irem ents o f D O T  Form  41. In  o rde r to  m a in ta in  

c o m p a ra b ility  over tim e , da ta  fo rm  a ll versions o f Form  41 m ust be m apped in to  

a s ing le  ve rs ion . The la te s t s ig n ifica n t rev is ion , w h ich occurred in  1987, e lim in a te d  

m any o f th e  specific  fu n c tio n a l accounts th a t were used previously. T h e  m ost s ig n ifi­

can t changes occurred in  th e  areas o f la b o r, supplies and outside services. T h is  la te s t 

vers ion  F o rm  41 data is the  m ost re s tr ic tiv e  in  th a t i t  provides th e  least d e ta il in  

m ost cases. In  o the r instances, the  1985 rev is ion  o f Form  41 data is som ewhat m ore 

re s tr ic tiv e . However, m any o f these changes were in  place fo r o n ly  a short pe rio d  

o f tim e . W here  the 1985 res tric tio n s  w ere m ost severe, the  1987-equivalent accounts 

w ere e s tim a te d . T h is occurred m ost seriously in  the  area o f ground-based ca p ita l, 

w here lease paym ents and cap ita lized  leases had to  be allocated between flig h t and 

g roun d  c a p ita l. In  o the r cases, i t  seemed reasonable to  estim ate 1985 accounts fro m  

th e  1987 d a ta  provided. T he o b je c tive  was to  m a in ta in  as m uch d e ta il as possible in  

a ll areas o f a ir  ca rrie r p roduction .

T he  co n s tru c tio n  o f th e  in d iv id u a l in p u t and o u tp u t categories is described in  the  

n e x t severa l sections. In  cases w here p rice  and q u a n tity  pairs fo r a specific in p u t 

o r o u tp u t are constructed, several subcom ponents to  th a t in p u t o r o u tp u t are firs t 

cons truc te d . Then, these are aggregated in to  a single in p u t or o u tp u t using a m u l­

t ila te ra l T o m q v is t-T h e il index num ber procedure .1 T he resu lt o f th is  procedure is a

xThis mathematical technique derives indexes from underlying utility, cost, production, revenue, 
profit or transformation functions. In this case, the translog cost function is underlying, and the
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p ric e  in d e x  (m u c li lik e  th e  consum er price  in dex) th a t aggregates p rice  in fo rm a tio n  

fo r  com m od ities hav ing  d ispara te  physica l u n its . W hen to ta l expend itu res o f the  in ­

p u t o r o u tp u t category are d iv id e d  b y  th is  p rice  index, an im p lic it q u a n tity  index is 

produced.

Labor

T h e  la bo r in p u t was com posed o f 93 sepaxate la bo r accounts aggregated in to  five  

m a jo r em ploym ent classes (flig h t deck crews, flig h t a tte n d a n ts , m echanics, passen­

g e r/c a rg o /a irc ra ft handlers, and o the r persona l). W e do n o t a tte m p t to  correct fo r 

d iffe rin g  u tiliz a tio n  rates since we do not have in fo rm a tio n  on the  num ber o f hours 

w o rked  by th e  la b o r in p u ts . E xpenditu res in  these five  subcom ponents are constructed  

fro m  th e  exp e n d itu re  da ta  in  D O T  Form  41 Schedules P 5, P6, P7, and P8.

F o llow in g  th e  1987 m o d ifica tio n  in  Form  41, Schedules P7 and P8 were dra­

m a tic a lly  s im p lifie d , e lim in a tin g  m any separate expense accounts. M echanics and 

H and le rs appear as lin e  5 and 6 o f th e  new Schedule P6. In  o rde r to  be m ore com pat­

ib le  w ith  th e  new Schedule P6, trainees and in s tru c to rs  were m oved in to  th e  O ther 

Personnel category. F lig h t a tte ndan t expense was ca lcu la te d  b y  su b tra c tin g  accounts 

5123 and 5124 fro m  Schedule P5 from  lin e  4  ( to ta l f lig h t personnel) on the  new 

Schedule P6.

O th e r la b o r-re la te d  expenses— such as personnel expenses, insurance and pension, 

and  p a y ro ll taxes— were inc luded  as labo r expenses. S ince la b o r-re la te d  expenses 

axe p rov ided  on fu n c tio n a l lines ra th e r th a n  on em ploym ent class basis, th e y  were 

a llo ca te d  to  each o f the  five  em ploym ent groups on th e  basis o f the  e xpe nd itu re  shaxe

expenditure shares are used to weight each subcomponent’s contribution to the overall index number. 
See Caves, et al. (1982); Diewert (1976); and Good, et al. (1992) for details.
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o f th a t class. A fte r  the  1987 F orm  41 changes, these th re e  expe nd itu re  categories axe 

p ro v id e d  on Schedule P6 as lin e  10, 11, and 12, respective ly.

T h e  q u a rte rly  to ta l head coun t o f fu ll-tim e  equ iva len t personnel was found by 

averag ing  th e  m o n th ly  fu ll- t im e  personal plus o ne -h a lf o f the  p a rt-tim e  employees 

over th e  re le va n t qua rte r.

In  1977, Schedule P10 was changed fro m  a q u a rte rly  to  an annual filin g  cycle. 

T h is  m eant th a t a lloca tions o f head counts in to  specific  em ploym ent categories could 

n o t be done d ire c tly  except fo r  th e  fo u rth  quarter o f each calendar year. Instead, the 

d is tr ib u tio n  o f head counts am ong the  five  labor groups was in te rp o la te d  using the  

ann ua l figu res. T h e  estim a ted  head coun t in  each g roup  was fo und  by m u ltip ly in g  

th e  in te rp o la te d  percentage b y  th e  ca lcu la ted  fu ll-tim e  equ iva len t head count fo r th a t 

q u a rte r. In  1983, Schedule P10 was s im p lified . T h is  s im p lific a tio n  collapsed the 

hand le rs  ca tego ry  in to  a sm a lle r num ber o f separate accounts, b u t d id  not change the  

o v e ra ll s tru c tu re  o f our procedure .

U s ing  th e  expense and head count in fo rm a tio n  fro m  above, th e  expense per per­

son q u a rte r and  the  num ber o f person quarters were ca lcu la ted . The m u ltila te ra l 

T o m q v is t-T h e il p rice  and q u a n tity  ind ices fo r the la b o r in p u t were then  derived.

Energy

T h e  o b je c tiv e  o f the  energy in p u t category is to cap tu re  a irc ra ft fu e l only. Fuel th a t is 

used fo r g ro u n d  operations and  e le c tr ic ity  axe bo th  cap tu red  in  th e  m ateria ls index. 

T h e  energy in p u t was developed by com bin ing in fo rm a tio n  on a irc ra ft fue l gallons 

used w ith  fu e l expense d a ta  pe r pe riod . A irc ra ft fu e l cost in  do lla rs  comes from  

Schedule P5, account 5145.1. G allons o f a irc ra ft fu e l is  lis te d  in  Schedule T2, account 

Z921.
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T h is  in p u t has undergone v ir tu a lly  no change because these accounts rem ained 

s u b s ta n tia lly  unchanged over th e  23-year span o f our data  set. Even th ough  o n ly  one 

com ponent ex ists, th e  m u ltila te ra l T o m q v is t-T h e il index num ber procedure  is used 

to  p rov id e  n o rm a liz a tio n  o f the  data.

Materials

T h e  m ate ria ls  in p u t is  com prised o f 69 separate expend itu re  accounts aggregated 

in to  12 broad classes o f m a te ria ls  o r o ther in pu ts  th a t d id  no t f it  in to  th e  labor, 

energy, o r flig h t c a p ita l categories. C arrie r-specific p rice  o r q u a n tity  de fla to rs fo r 

these exp e n d itu re  groups were unavailable. Instead, in d u s try -w id e  p rice  defla tors 

w ere ob ta ined  fro m  a va rie ty  o f sources. These price de fla to rs were norm a lized  to  

1.0 in  the  th ird  q u a rte r o f 1972. T he classifica tion o f these e xpe nd itu re  accounts are 

presented below  a long w ith  th e  corresponding source fo r th e  p rice  d e fla to r.

In  1987, th e  m o d ifica tio n s  o f Schedules P6 and P7 led  to  th e  e lim in a tio n  o f hun­

dreds o f separate account categories. In  m ost cases, th is  d id  n o t affect th e  a b ility  to  re­

con s tru c t th e  categories. T he  sources o f in fo rm a tio n  d id  change, however. A d ve rtis in g  

expense, passenger food , and la nd ing  fees appear as lin e  22, lin e  6, and lin e  12 o f the 

new  Schedule P7, respective ly. Expenses fo r  a irc ra ft m aintenance m a te ria ls , com­

m un ica tions, insurance, outside services and outside m aintenance and passenger and 

cargo com m issions appear as lin e  17, line  23, lin e  24, lin e  25 +  lin e  28, and lin e  26 

lin e  27 o f th e  new  Schedule P6. G round equipm ent re n ta l expense was lin e  31 o f 

Schedule P6 m inus account 5147 from  Schedule P5. A m ounts fo r o th e r supplies and 

u tilit ie s  appear aggregated together as lin e  19 o f new Schedule P6. These am ounts 

were apportioned  to  th e  supplies and u tilitie s  categories using the  c a rrie r’s average 

p ro p o rtio n  in  these groups over the  1981 th ro ugh  1986 periods. G round equipm ent 

th a t is owned was unaffected by the  1987 accounting change.
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Flight Capital

T he  num ber o f a irc ra ft th a t a ca rrie r opera ted fro m  each d iffe ren t m odel o f a irc ra ft 

in  th e  a irlin e ’s fleet was co llected  fro m  D O T  Form  41, Schedule T2 (account Z820). 

D a ta  on th e  technologica l characte ris tics fo r the  a p p ro x im a te ly  60 types o f a irc ra ft in  

s ig n ifica n t use over the  p e rio d  1970 th ro u g h  1992 were co llected from  Jane’s A ll the 

W orld’s Aircraft (1945 th ro u g h  1982 e d itio n s ).

F irs t, fo r each qua rte r, th e  average num ber o f a irc ra ft in  service was constructed  

b y  d iv id in g  the  to ta l num ber o f a irc ra ft days fo r a ll a irc ra ft types by the nu m ber o f 

days in  the  qua rte r. T h is  provides a gross measure o f the  size o f the  fleet (num be r o f 

a irc ra ft).

In  o rde r to  ad just th is  measure o f flig h t ca p ita l, we also construct th e  average 

equ ipm ent size. Th is was m easured w ith  the  h ighest density  single-class seating 

co n fig u ra tio n  lis te d  in  Jane’s fo r each a irc ra ft typ e . T he fleet w ide average was 

w e igh ted b y  the  num ber o f a irc ra ft o f each typ e  assigned in to  service. In  some cases, 

p a rtic u la rly  w ith  w ide-bod ied je ts , th e  ac tua l num ber o f seats was su b s ta n tia lly  less 

th a n  described b y  th is  con fig u ra tion  because o f the use o f first-c lass and business-class 

seating. O u r purpose was to  describe th e  physica l size o f th e  a irc ra ft ra th e r th a n  how 

carrie rs chose to  use o r configure them .

W e use th e  average num ber o f m onths since the  F A A ’s typ e -ce rtifica tio n  o f a irc ra ft 

designs as o u r measure o f fle e t v in tage. O ur assum ption is th a t the  technolog ica l inno­

va tio n  in  an a irc ra ft does no t change a fte r th e  design is typ e -ce rtifie d . Consequently, 

o u r m easure o f technologica l age does no t fu lly  cap tu re  the  de te rio ra tion  in  ca p ita l 

and increased m aintenance costs caused by  use. O ur m easure does capture re tro fittin g  

o lde r designs w ith  m a jo r innovations, i f  these innova tions were s ign ificant enough to 

requ ire  re ce rtifica tio n  o f th e  type .
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F in a lly , i t  is  c lear th a t th e  m a jo r in n o v a tio n  th a t to o k  place d u rin g  the  1960s and 

1970s was th e  conversion to  je t a irc ra ft. W h ile  m any carriers had la rge ly  adopted 

th is  in n o v a tio n  p rio r to  the  s tudy  p e rio d , i t  was by no means un ive rsa l. M any o f the  

lo ca l serv ice  a irlin e s  used tu rb o p ro p  a irc ra ft as a s ign ifican t p o rtio n  o f th e ir fleets. 

W e im p le m e n t th is  aspect by  m easuring th e  p ro p o rtio n  o f a irc ra ft in  the  flee t th a t 

axe je t  pow ered. T he p ro p o rtio n  o f w ide -bod ied  a irc ra ft was also ca lcu la ted .

Output

O u r d a ta  set provides several measures o f a irlin e  o u tp u t and its  associated characte r­

is tic s . T h e  m ost com m only used m easure o f ca rrie r o u tp u t is the  revenue to n -m ile . 

O u r da ta  set provides th is  measure as w e ll as measures o f revenue o u tp u t th a t are d is­

aggregated in to  scheduled and nonscheduled o u tp u t. Nonscheduled o u tp u t includes 

cargo and  c h a rte r operations. We fu rth e r p rov id e  measures o f a irlin e  capacity. T h is  

aga in  can be disaggregated in to  scheduled and  nonscheduled opera tions. Revenue and 

tra ffic  d a ta  w ere available fro m  D O T  F o rm  41. These da ta  a llow ed us to  cons truc t 

p rice  and q u a n tity  figures fo r seven d iffe re n t o u tpu ts  produced by th e  ty p ic a l a irlin e . 

A g a in , th e  p ric e  per u n it (passenger-m ile o r to n -m ile ) o f the  re levan t service as con­

s tru c te d  b y  d iv id in g  the revenue generated in  th e  category by the ph ys ica l am ount o f 

o u tp u t in  th a t category. These prices w ere norm a lized  to  1.0 in  th e  baseline p e rio d  

(th e  th ird  q u a rte r o f 1972).

In  cases w here a ca rrie r offered o n ly  one typ e  o f service (the  convention  was to  

c a ll th is  “ f ir s t  class” ), the  service was rede fined  to  be coach class. T h e  re p o rtin g  o f 

revenue and  tra ffic  charte r operations betw een cargo and passenger service was ve ry  

sporad ic. These tw o ou tpu ts  were com bined in to  a single category w ith  passenger- 

m iles conve rted  to  ton-m iles, assum ing an average w eight o f 200 pounds per passenger 

(in c lu d in g  baggage). Changes in  D O T  F o rm  41 in  1985 led to  the e lim in a tio n  o f th e
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d is tin c tio n  between express cargo and a ir fre ig h t. C onsequently, these tw o  categories 

w ere also collapsed.

T hree  d iffe re n t p rice  and q u a n tity  index pa irs  axe generated. T he firs t is to ta l 

revenue-ou tpu t and uses th e  m u ltila te ra l T o m q v is t-T h e il in d e x  num ber procedure on 

a ll th e  revenue-ou tpu t categories. T he second used th e  T o m q v is t-T h e il in d e x  num ber 

procedure  on th e  tw o  passenger categories. T he  th ird  resu lts  fro m  the  use o f th e  index 

num be r procedure on m a il, cargo and charte r services.

T h e  capa c ity  o f flig h t opera tions is also p ro v id e d  in  o u r da ta  set. T h is  describes 

th e  to ta l am ount o f tra ffic  generated, regardless o f w h e th e r o r n o t i t  was so ld . W h ile  

i t  is possible to  d is tin g u ish  between an unso ld coach seat and an unso ld firs t-c lass 

seat (th e y  are o f d iffe re n t sizes), such d is tin c tio n s  are n o t lo g ic a lly  possible in  the  

case o f cargo opera tions (m a il and cargo cou ld  be earned in  the  same lo ca tio n ). 

C onsequently, our m easure o f a irlin e  capacity  in c ludes o n ly  th re e  broad categories: 

firs t-c la ss  seat-m iles flow n , coach seat-m iles flo w n , and  nonscheduled to n -m ile s  flow n.

W ith  th e  change to  T100 as the  p rim a ry  d a ta  base fo r a irlin e  tra ffic  in  1990, 

ca rrie rs  are no longer requ ire d  to  re p o rt ava ilab le  seat-m iles, revenue seat-m iles, or 

revenues b y  th e  le ve l o f passenger service. Ins te ad , these am ounts are aggregated 

w ith  revenues supp lied  as account 3901 on Schedule P I  a fte r 1990.

A g a in , the  convention  th a t passenger a long w ith  baggage is 200 pounds (one- 

te n th  o f a ten ) is used to  construct the nonscheduled to n -m ile s . P o te n tia l revenues 

th a t cou ld  be co llected , i f  a ll services were so ld , are construc ted  assum ing th a t the  

prices fo r each o f these categories rem a in  the  sam e as fo r o u tp u t ac tua l sold. In  

o th e r words, th e  p rice  fo r firs t-c lass revenue passenger-m iles flo w n  is im p u te d  to  firs t-  

class ava ilab le  seat-m iles flow n . A ga in , the  T o m q v is t-T h e il in dex  num ber procedure is 

used to  generate p rice  and q u a n tity  pa irs fo r to ta l ca p a c ity  o u tp u t, passenger capacity  

o u tp u t, and nonscheduled capacity  o u tp u t.
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T w o  im p o rta n t measures o f th e  ca rrie r’s ne tw ork are also generated. T he  firs t is a 

passenger load  fa c to r. T h is  is found  b y  d iv id in g  revenue passenger-m iles b y  available 

seat-m iles. T h is  m easure is genera lly  re la ted  to  flig h t frequency w ith  a low er num ber 

in d ic a tio n  m ore frequen t flig h ts  and consequently a h igher leve l o f service. O ther 

d e fin itio n s  o f load fa c to r are possible, such as d iv id in g  the  to ta l passenger revenue 

co llected  b y  th e  to ta l th a t w ould be co llected  were the  planes flow n  fu ll (de rived  from  

the  passenger capa c ity  o u tp u t tim es passenger capacity  p rice ). I f  desired, these can 

easily  be constructed  using in fo rm a tio n  in  th e  da ta  set. Stage length  also provides 

an im p o rta n t m easure o f ca rrie r o u tp u t. G enerally, the  sho rte r the  flig h t, th e  higher 

the  p ro p o rtio n  o f g roun d  services requ ired  pe r passenger-m ile and the m ore c ircu itous 

the  flig h t (a h igher p ro p o rtio n  o f a irc ra ft m iles flow n  is needed to  accom m odate the 

needs o f a ir  tra ffic  c o n tro l). T h is  genera lly results in  a h ighe r cost per m ile  fo r short 

flig h ts  th a n  fo r  longer flig h ts . Average stage le ng th  is found  by  d iv id in g  to ta l revenue 

a irc ra ft m iles flow n  b y  to ta l revenue a irc ra ft departures.
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Appendix B

European Data

Supply

O ur supp ly  data  set consists o f a panel o f th e  e ight a ir carriers fro m  E urope th a t 

were used in  C a p ta in  and Sickles (1997). A  num ber o f da ta  series used th e re in  

were ex trapo la ted  between 1985—1990. R esults presented here are based on a new ly 

constructed  and com p le te  d a ta  set o f 37 in te rn a tio n a l a irline s  from  1976 to  1994. T he  

co n s tru c tio n  o f th is  da ta  set is  expla ined in  A p pend ix  C . These carriers and countries 

are fo llow ed w ith  annua l observations fro m  1976 th rough  1994.

In  a d d itio n  to  th e  stage le n g th  and load fa c to r constructed  in  the  w o rld  da ta  set, 

we construct a m easure o f ne tw o rk size. T he  num ber o f ro u te  k ilom e te rs  provides a 

m easure o f the to ta l ne tw o rk size.

Dem and

T he  demand d a ta  was co llected  fo r the European countries in  th e  s tudy. T h e  de­

m and da ta  fo r D enm ark, Sweden and N orw ay are used to  create as s ing le  da ta  series 

fo r Scandinavia b y  w e igh ting  b y  th e ir respective GDPs. T h e  G DP series was ob ta ined  

fro m  th e  M ain Economic Indicators, a p u b lic a tio n  o f th e  Econom ics and S ta tis tics  

D epartm en t o f th e  O rga n iza tion  fo r Econom ic C ooperation and D evelopm ent 

(O E C D ). The G D P  figures are  reported in  b illio n s  o f do lla rs . The series on p riv a te  

consum ption e xpe nd itu re  g ro w th  is taken fro m  the  p u b lic a tio n  Historical Statistics, 

w h ich  is  pub lished b y  the  O E C D . These da ta  are an im p lic it p rice  in d e x  w ith  year-
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T a b le  B . l  L is t o f C ountries and  F in a n c ia l In s trum en ts  Used to  F in d  S h o rt-T e rm  
In te re s t Rates

C o u n try  In s tru m e n t
B e lg ium T hree  M o n th  T reasury C e rtifica tes
D enm ark T hree  M o n th  In te rb a n k  R a te
France T h ree  M o n th  P ib o r
G erm any T hree  M o n th  F ib  or
Ita ly In te rb a n k  S igh t D eposits
N etherlands Three  M o n th  A ib o r
N orw ay Three  M o n th  N ib o r
Spain Three  M o n th  In te rb a n k  R a te
Sweden Three  M o n th  T reasury D iscoun t Notes
U n ite d  K ingdom T hree  M o n th  In te rb a n k  Loans

to -y e a r percentage changes. T h e  annua l s h o rt-te rm  in te re s t rates are also taken  fro m  

Historical Statistics. Tab le  B . l lis ts  the  fin a n c ia l in s trum en ts  th a t are th e  basis fo r 

th e  series fo r th e  respective coun trie s . T he  ra il da ta  is fro m  Jane’s World Railways. 

T h e  r a il p rice  was ca lcu la ted  as th e  ra tio  o f passenger and baggage revenue to  pas­

senger tone -k ilom e te rs . T h is  is consistent w ith  the  p rice  o f a ir  tra v e l. T h e  O ECD 

In te rn a tio n a l E nergy A gency’s p u b lic a tio n  Energy Prices and Taxes is th e  source fo r 

th e  gaso line p rice  da ta . The gaso line prices in c lud e  a ll taxes.
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Appendix C

World D ata

O u r a ir lin e  d a ta  set consists o f a panel o f th e  largest a ir carrie rs fro m  A sia , E urope 

and N o rth  A m e rica . These carriers supp ly app ro x im a te ly  85 percent o f th e  scheduled 

passenger tra ffic  in  th e  w orld . T he  carriers and  countries are presented in  Tab le  4.1. 

These ca rrie rs  are fo llow ed w ith  annual observations fro m  1976 th ro u g h  1994.

T h e  p rim a ry  sources fo r our da ta  includes th e  Digest o f S ta tis tics  fo r C om m ercia l 

A ir  C a rrie rs  fro m  th e  In te rn a tio n a l C iv il A v ia tio n  O rgan iza tion  and th e  Penn W o rld  

T a b le  [M a rk  5.6] (Sum m ers and Heston, 1994). There are frequent instances w here 

these sources were n o t com plete. C onsequently, data was supplem ented w ith  o the r 

sources such as th e  In te rn a tio n a l A ir  T ranspo rt A ssocia tion ’s W o rld  A ir  T ranspo rt 

S ta tis tic s  and  Federa l Express A v ia tio n  S ervice ’s C om m ercia l Je t F lee ts. U sing these 

sources, we co n s tru c t a set o f fo u r a irlin e  in p u ts : Labor, Energy, M a te ria ls , and 

A irc ra ft F le e t. In  a d d itio n  we construct severa l aggregate a irlin e  o u tp u ts  a long w ith  

ch a ra c te ris tics  o f these ou tpu ts .

Materials

O u r m a te ria ls  in d e x  is based on th e  fin a n c ia l da ta  from  IC A O . I t  uses to ta l o pe ra ting  

expenses m inus th e  am ounts spent on a irc ra ft ren ta l, dep rec ia tion , fu e l and la bo r 

(fro m  IC A O  F lee t and Personnel). Because o u r data is in  d iffe re n t currencies, w ith  

d iffe re n t bundles o f goods and services th a t those currencies w ill purchase, we need 

to  p u t am ounts in  com m on te rm s. S im p ly  using  exchange rates does n o t adequate ly
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m ake expenditures com parab le  across countries since exchange rates are he a v ily  in ­

fluenced by the narrow er sets o f goods th a t are im p o rte d  and  exported . Instead, we 

use purchasing power p a ritie s . U n like  our U .S . da ta  set based on Form  41, we do 

n o t have m uch d e ta il abou t de ta iled  subcom ponents. W h ile  expenses are broken up 

a long fu n c tio n a l lines (tic k e tin g , passenger services, e tc .), we genera lly  do n o t have 

adequate in fo rm a tio n  to  rem ove o the r physica l in p u ts  (p rim a rily  la b o r) fro m  these 

categories and do n o t have separate p rice  indices fo r them , even in  those cases where 

we are able. T h is  leaves ou r m a te ria ls  index w ith  a sing le subcom ponent.

Labor

Inconsistencies in  th e  d e fin itio n  o f la bo r categories, differences in  aggregation and 

m iss ing  da ta  (p rim a rily  expe nd itu re  data) dem and th a t o u r la b o r in dex  is also con­

s tru c te d  fro m  a single subcom ponent. O ur la bo r index uses th e  num ber o f employees 

a t m id -yea r as th e  m easure o f q u a n tity . Prices are ca lcu la ted  b y  d iv id in g  expenditures 

b y  th is  q u a n tity .

Energy

U n lik e  the  U .S. Form  41 da ta , we do no t have independent, ca rrie r specific  measures 

o f e ith e r q u a n titie s  and prices o r quan tities and expend itu res fo r a irc ra ft fu e l. This 

is  p a rtic u la rly  p ro b le m a tic  since fu e l prices va ry  w id e ly  a round  the  w o rld , p r im a rily  

th e  resu lt o f ta x  differences. IC A O  does com pile  annual in fo rm a tio n  abou t je t  fue l 

p rices w ith in  each o f its  12 regions. We use th is  in fo rm a tio n  as a p rice  m easure in  

c e n ts /lite r. Q uan tities  are ca lcu la ted  by  d iv id in g  th e  fu e l expenses b y  th is  p rice . For 

consistency, we use IC A O ’s prices even when we have c a rrie r specific  in fo rm a tio n
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ava ilab le  fro m  o th e r sources (such as U.S. D O T  Form  41). T h e  U .S . and IC A O  prices 

com pare fa ir ly  closely.

Flight Capital

Because o f th e  im p o rta n ce  o f fly in g  cap ita l in  our m odel, we describe th is  in p u t in  

considerab ly m ore d e ta il: p ro v id in g  several characte ris tics o f th e  flee t in  a d d itio n  to  

its  q u a n tity  and  user p ric e . W e use an in ven to ry  o f a irc ra ft flee ts  provided b y  IC A O  to  

de te rm ine  th e  num ber o f a irc ra ft in  over 80 separate a irc ra ft types. For each a irc ra ft 

typ e , we co n s tru c t a user p rice , rough ly  com parable to  an ann ua l re n ta l p rice . T o ta l 

expenses are th e n  th e  sum  o f these user prices, w eighted b y  th e  num ber o f a irc ra ft in  

a c a rrie r’s flee t in  each category. W e considered several a lte rn a tive s  in  co n s tru c tin g  

these user p rices. W e re jec ted  the  tra d itio n a l approach o f basing  cost on book va lue 

since th is  is n o t responsive to  changing demands fo r d iffe re n t types o f a irc ra ft a t 

d iffe re n t p o in ts  in  tim e . For exam ple, fo llow ing  de regu la tion  in  th e  US, the  dem and 

fo r  sm a ll a irc ra ft increased d ra m a tica lly  (along w ith  th e ir  se llin g  price) w h ile  w ide 

bod ied  a irc ra ft had a d ra m a tic  decrease in  price. O ur v a lu a tio n  o f in d iv id u a l a irc ra ft 

types is based on  th e  average o f A vm a rk ’s January and J u ly  sub jec tive  va lua tions o f 

each type  o f a irc ra ft fo r  every year. These va luations are based on recent sales and 

percep tions o f changing m arke t conditions fo r a irc ra ft in  h a lf-tim e  cond ition . T he  

p rim a ry  lia b ility  o f th is  approach is th a t i t  does n o t ca p tu re  benefits (fo r exam ple 

reduced m ain tenance) fo r  newer ra th e r than  o lder a irc ra ft w ith in  a p a rtic u la r typ e . 

T h is  approach also poses some problem s fo r a irc ra ft th a t are n o t w ide ly  traded  o r 

fo r  a irc ra ft th a t are n o t je ts . For a irc ra ft th a t are no t w id e ly  traded, we used th e  

m ost com parable a irc ra ft th a t was traded in  order to  ge t a m a rke t value. For the  

B A C /S U D  C oncorde, we used the  Boeing 747-200. W h ile  th e  747 is a m uch la rge r 

a irc ra ft, because o f its  speed, th e  revenue generating c a p a b ility  o f these tw o a irc ra ft
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is rough ly  com paxable. S ovie t equ ipm ent also posed some problem s. M ost a irlin e s  

do not consider th is  equ ipm en t ve ry  desirable and its  m arke t va lue  is considered 

to  be fa ir ly  low . W e va lue  i t  as com parable to  the  o ldest W estern equ ipm ent o f a 

com parable size. For exam ple , we value th e  Tupelov T u —154 a t th e  same ra te  as th e  

Boeing B727-100 and th e  Tu-134  as th e  same as a B A C —111. W e value the  Ily u s h in  

11-62 th e  same as a D ouglas D C -8 -1 0 . A vm a rk  also provides some lim ite d  in fo rm a tio n  

about tu rb o p ro p  a irc ra ft. W e d iv id e d  tu rb op rop  a irc ra ft in to  s ix  categories (Y S —11, 

Lockheed E le c tra , Lockheed Hercules, F a irch ild  F—227, Fokker 27, and Saab 340) and 

a lloca ted d iffe re n t typ e s  to  these categories based on age and size (fo r exam ple, we 

a lloca ted th e  Fokker 50 in to  the Saab 340 category since th e y  are b o th  re la tiv e ly  

new design com m u te r a irc ra ft. We a lloca ted  the  H S-748 to  the Y S -11  ca tegory since 

th e y  axe b o th  1960s design 50 passenger a irc ra ft). W e had a fin a l res idua l ty p e  o f 

a irc ra ft th a t cou ld  n o t conven ien tly  be categorized th is  way. Some carriers, S w issa ir, 

fo r exam ple, opera te  a sm a ll flee t o f sing le engine a irc ra ft. O thers operate one or 

tw o  he licopte rs. W e va lued  single engine p is ton  a irc ra ft a t 100,000 and he licop te rs  

a t 400,000. These re s id u a l a irc ra ft are  so sm a ll ( in  te rm s o f the  num ber o f seats o f 

capacity) th a t o u r cost p e r seat user p rice  is insensitive  to  w hatever decisions we m ake 

about th e ir  v a lu a tio n .

Because we va lue  a irc ra ft in  h a lf tim e  cond ition , we assume th e ir  rem a in ing  usefu l 

fife  is 14 years and use a 1.5 dec lin ing  balance m ethod  to  ca lcu la te  econom ic depre­

c ia tio n . W e considered several a lte rna tives in  co n s tru c tin g  the  in te re s t p o rtio n  o f 

th e  re n ta l p rice : us ing  lo c a l and US rea l in te res t rates and using fixe d  dep re c ia tion  

rates versus rates based on changes in  the  va lu a tio n  o f the  asset. W e re jec ted  an 

approach th a t used c o u n try  specific in te re s t rates. I t  was no t possible to  fin d  com pa­

rab le  in te res t and in fla tio n  rates across d iffe ren t coun tries. In  some cases, P a k is ta n  

specifica lly , rea l in te re s t ra tes were always negative and nom ina l rates d id  no t change
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over the  e n tire  sam ple p e rio d . U nder th e  assum ption th a t m a rg ina l decisions about 

flee t size were based on th e  in te rn a tio n a l leasing m arke t, and the  leasing m a rke t was 

dom ina ted  by U .S . carrie rs and  U .S. p rices, we used rates based on  M oody ’s B aa ra te  

fo r 6 m onth  com m ercia l pape r. A n  a lte rn a tiv e  to  using  ou r deprec ia tion  m ethod  de­

scribed above, is to  co n s tru c t th e  dep re c ia tio n  p o rtio n  b y  v iew ing  an a irc ra ft as b o th  

a fin a n c ia l and econom ic asset. U nder th is  approach, the  cost o f h o ld ing  and using 

th e  a irc ra ft w o u ld  be the  d iffe rence  in  m axket value a t th e  end o f the  year com paxed 

to  th e  beg in n in g  o f the  yea r p lus th e  n o m in a l in te res t ra te . W e u ltim a te ly  re jec ted  

th is  approach because i t  le ad  to  several instances w here the  c a p ita l p rice  flu c tu a te d  

d ra m a tic a lly  near periods w hen th e  p ric e  fo r a p a rtic u la r a irc ra ft was depressed due 

to  random  events (such as th e  D C —10 ground ing  in  1979, o r th e  b a n k ru p tcy  o f a 

c a rrie r lead ing to  lo ts o f a p a rtic u la r a irc ra ft flood ing  the  m axket). In  a d d itio n  to  

co n s tru c tin g  p rice  and q u a n tity  m easures, we also generate several cha racte ris tics  o f 

th e  ca p ita l stock: its  size (m a x im u m  seats pe r p lane), its  techno log ica l age ( in  years) 

and a c lass ifica tion  o f th e  a irc ra ft as tu rb o p ro p , je t o r w ide  bod ied  je t.

D a ta  on these techno log ica l cha racte ris tics  were co llected fo r in d iv id u a l a irc ra ft 

types from  Jane’s s A ll the W orld ’s A ircraft (1945-1996 ed itions). W e used th e  av­

erage num ber o f m onths since firs t f lig h t o f a irc ra ft designs as o u r m easure o f the  

techno log ica l age o f the  fle e t. O u r assum ption  is th a t th e  techno log ica l in n o va tio n  in  

an a irc ra ft does no t change s ig n ific a n tly  a fte r the  design is firs t flow n . W h ile  i t  w ou ld  

have been desirab le  to  use c e rtific a tio n  da te  o f equ ipm ent (as in  o u r U.S. d a ta  set), 

n o t a ll equ ipm ent types are F A A  c e rtifie d . O ur m easure o f techno log ica l age does no t 

fu lly  capture  th e  d e te rio ra tio n  in  c a p ita l and increased m aintenance costs caused by 

use. O ur m easure does ca p tu re  re tro fittin g  o lder designs w ith  m a jo r innova tions, i f  

these innovations were s ig n ific a n t enough to  lead to  a new a irc ra ft designation (e.g ., a 

C onva ir 580 is a re tro fitte d  C onva ir 240 w ith  new tu rb o p ro p  engines and w in g  m od-
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ilic a tio n s . A  D C -8 -7 2  is  a re tro fit o f a previous version  w ith , new engines). Average 

equ ipm en t size was m easured w ith , th e  highest d e n s ity  seating con figu ra tion  lis te d  in  

Jane’s fo r each a irc ra ft typ e . T h is  assum ption was necessary fo r consistency. O ver 

tim e , th e  num ber o f seats in  a p a rtic u la r a irc ra ft ty p e  has increased b y  decreasing seat 

p itc h . Even w ith in  a p a rtic u la r c a rrie r’s flee t, th e  num ber o f seats varied , som etim es 

s ig n ifica n tly , ye t we were no t able to  id e n tify  the  to ta l num ber o f seats. F u rth e r, 

fo r a irc ra ft used in  com b ina tion  service, th e  a c tu a l num ber o f seats w ould seriously 

understa te  th e  a irc ra ft’s tru e  capacity  and revenue generating ca p a b ility . Since our 

purpose was to  consis ten tly  describe th e  b u lk  tra n s p o rt ca p a b ility  o f the  fle e t, we 

used th is  s ing le  m axim um  value regardless o f th e  a c tu a l seating con figu ra tion . T h is  

average across the  flee t was w eighted b y  the  average num ber o f a irc ra ft o f each typ e  

assigned in to  service. In  some cases, p a rtic u la rly  w ith  w ide-bodied je ts , the  a c tu a l 

num be r o f seats was su b s ta n tia lly  less th a n  described by th is  configura tion .

W e also constructed  th e  percentage o f a irc ra ft in  several categories: tu rb o p ro p , 

je t,  and a subgroup o f je ts : w ide bod ied  je t (de te rm ined  by having tw o aisles in  th e  

m a in  cab in ). To the  e x ten t th a t tu rb o p ro p  and je t a irc ra ft percentages do no t sum  to  

one, i t  ind ica tes the  presence o f e ith e r p is to n  or ro ta ry  w ing  a irc ra ft. These categories 

ro u g h ly  p rov ide  measures o f the p o te n tia l p ro d u c tiv ity  o f cap ita l as w e ll as its  he tero­

gene ity . As m ore w ide bod ied  a irc ra ft axe used, resources fo r flig h t crews, passenger 

and a irc ra ft handlers, la n d in g  slots, e tc . do not increase p ropo rtiona te ly . The percen t 

o f tu rb op rops  also p rovide  a measure o f a irc ra ft speed. T h is  type o f a irc ra ft flies a t ap­

p ro x im a te ly  one th ird  o f th e  speed o f je t  equ ipm ent. Consequently, p ro v id in g  service 

o f these types o f equ ipm ent requires p ro p o rtio n a te ly  m ore flig h t crew  resources th a n  

w ith  je ts . O u r da ta  p rov ide  fo r tw o separate categories o f a irlin e  o u tp u t: scheduled 

passenger o u tp u t, non-scheduled, cargo and in c id e n ta l o u tp u t. T h is  second category 

inc ludes revenues th a t are a ttrib u ta b le  to  a irlin e  re la ted  a c tiv itie s , b u t th a t axe no t
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th e  p h ys ica l tra n s p o rt o f passengers and cargo. A n  exam ple w o u ld  be m aintenance 

p e rfo rm ed  fo r o the r a irlin e s . For som e carrie rs, th is  can be a s ig n ifica n t com ponent 

o f revenue (and  user o f resources). F o r others, th is  category is v ir tu a lly  zero.

Output

O u r scheduled passenger o u tp u t is m easured in  revenue tonne  k ilom e te rs . T h is  is 

ca lcu la te d  under th e  assum ption th a t a passenger, a long w ith  checked baggage con­

s titu te s  200 pounds in  w e igh t. O u r nonscheduled o u tp u t m easure com bines cha rte r, 

m a il and cargo opera tions. C harte r passenger tra ff ic  again assumes 200 pounds per 

passenger. F o r ou r scheduled and nonscheduled o u tp u ts , b o th  q u a n tity  and expense 

in fo rm a tio n  is ava ilab le . For in c id e n ta l o u tp u t, we use the  c o u n try ’s purchasing  pow er 

p a r ity  as a d e fla to r to  construct a q u a n tity  m easure.

F in a lly , we constructed  tw o tra d itio n a l measures o f the  c a rrie r’s o u tp u t: stage 

le n g th  a nd  load  fa c to r. Load fa c to r provides a m easure o f service q u a lity  and is o fte n  

used as a  p ro x y  fo r service co m p e titio n . Stage le n g th  provides a m easure o f the  le n g th  

o f in d iv id u a l rou te  segments in  th e  c a rrie r’s n e tw o rk .
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