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5. On Air Companies

The research being empirical in the first instance, we begin by modeling
case histories. The situation at the moment is that we have analyzed
a dozen of aiwr transport companies (AA, AF, AZ, AUA, BA, FA, JAL,
KLM, LH, Swiss Air, TWA, UAL) in terms of traffic, fleet, network, and
employees. The first observation is that air companies reacted in very
different ways to the surge of air travels in the eighties. Most had a
corresponding second pulse of traffic. Some did not, like TWA. Some in-
creased dramatically their network length like Lufthansa. Others did not,
like British airways. Some increased their personnel with a second pulse,
like Lufthansa, some kept it constant during the eighties in spite of the
increase in traffic, like British Airways. We report all these taxonomic
analyses in the hope of generating a background of information that may
cast light on the reasons why some companies are successful and others
are not. The formula we propose may appear relatively trivial, although
much of the trouble air companies face come from not sticking to it. First
the size of the planes must be adapted to traffic. Second, productivity of
personnel must increase rapidly, meaning reducing drastically personnel
in the next years of no growth, and third, fares must go down in Europe.
With the very high present prices, elasticity will compensate the com-
panies when lowering fares through a more than proportional increase
in traffic. Extra capacity if already available. The companies on which
we report in detail are Air France, Alitalia, British Airways, Lufthansa,
and TWA, covering all types of behavior we have identified in a broader

screening. The specific comments can be found in the legends.



"9ABM (SIY 1) JO [0AD] UOIjRINGES 93} O} GG ynoqe
sppe J] "9[oAD 2y} jo pue oyj punore urede Jurjeinyes pue ‘JQG[ Ul PoIdjudd ‘syreys aaem (Iendaiir aymb)
Mau ® ‘Ianemoy ‘0861 punory ‘(g661 = I¢ + &L61 JO uUonjeiInjes) o[dAd ayy apisul ssaooid ayj) [[e soydjeur
SIEdA 7 JO JUR)SUOD 2UIl} 3Y) puR (G9G]) ASIFRIPUOY] dY) JO INUD o) Y)Im [ojeur pood ul ‘Z) ] punose

PR123Uad SI 213S180] U139y Y.L, 0861 INOQE [IHUnN SI[NI 0Y) 0} SUDPIIS Sem doURI] ITY I10J ogjel) 1odusssed 1y

1-¢°31 g



Mad L HUHJa v

2661 ‘VSWVII LLLIHOHVIN 'O
000¢ G661 0661 S861 0861t Si6t 0/61 G961 0961 5661 0561 SY61 ov6l

t t } } } } } f } } o 20t
18IS Vi ‘eleq

%01 .0t
%05 F ,01

e+ l..l

(21) I
%06 + 01

%66 ¥
z 0l
(g0L ) WY 'SSVYd dv 4 4-1



"SUOISN[OUOD JIRIIXD

0} Juif1) a10jaq srojowrered JuUSIOYIpP [im pareadar oq pInoys sisdfeur oyj sdeyiag -e8re[ 00} A[snoidsns
St LV 9(J, ASIRIPUO}] ® 03Ul Juljjy I0J 3001100 I juiodIsued oy ], -paqlosqesl 9q Aeul ‘Uoljeinyes oY)

dunyedorjue Auo ygsnoryye ¢ ur yojIps8 o ‘uolyenyis asmd-om) ® moys jou soop Jpuuosiaod souesjir
I ol [ q e "8861 Ul YojIfs oYT, ! ! [ q P Y

A 1% |



MYEQ L HOHOHYIN

2664 'VSVI LLLIHOHVI 'O
000<¢ S661 0661 G861 0861 G661 0.61 5961 0961 SS64 0S61 SY61 or6l

“ “ “ “ “ i ; 4 1 " T 20t
|s vivi eieqg

%01 F .01

Jl
%05+ ;01
%06 ¥+ , Ot

%66 T
201
(000" ) TINNOSH3d - 4V 4 4-1



‘TeurSrewr a9 pnoys BI[e)IY I0j ury-ssed Ul osEIIOUI 9Y)} JRY) 0S ‘CEET = § + 2861 UI (%466) sojeinjes
asnd puodes ay ], "pejeinjes mou are asnd jsiy o) 03 Junjzodar uny-sse °(siweh g] "sa s1eak §) 19310Ys Inq
(8861) 11odsuer; priom Jo jJey) Yiim aunj ur ‘2 QG Ul parajuad si as[nd puodas oy, (§'986T1 = G'81 + 8961 Ul
uoIjeINjEs % 66) JURISUOD W 1I0YS 00} moYawos B Ym Inq (6961) 2[P4AD ASIJRIPUOY] 32U} YIM PI3IdJUID-00

ST 2u0 981y 9y, ‘pouLlojiad wy-ssed s3I JO UOIIN[OAd oT) FuIquIdsop sos[nd pojeaul[op [[em OM]} SBY BI[RIIY

€-¢°31q



FRIC FEIAR A ViR

661 ‘VSVI ‘LLLIHOHYN O

0002 G661 0661 G861 0861t Gi61 061 G961 0961 G661 0561 Sr6l ov6i

i A i 1 | i l

1] T T T T T L]

¥ 1 1 S,
18S iyl ‘eeg Yol

| L

%05

%06

T I
R |

%66 ¥

(0L ) W 'SSVYd ZV 4



‘(1eah 1ad 94§ 01 ¢) [PuuosIad
Buronpal j1e)s poys eIy ‘(g-¢ 31 ]) uorjeinjes je Aeonoerd st o1jeI) asnedeg °‘poqlosqeal A[INon[ ‘0661
ul 2Ief 93] 243 SI snouny) ‘(sIead gz ~ I,V rewingdo) o[oAd o1y ojur A[Snus 3 09 (sIeak gg) JuRISUOD sull} ®

ad1e[ 003 seq 1nq (6961 ARIJRIPUOS]) (LT Ul PaIaguad A3031100 SI vI[e)[Y 10] Yimold [ouuosiad 10j 013s130] oY J,

¥-g 31 q



MEQ THIOHIOEYW

2661 VSVl LLLIHOHYN "D
000C S661 0661 G861 0861 Si61 061 G961 0961 GG61 0561 Sv6 1l or6l

" “ “ “ “ m _q “ “ n “ o\o—, ND—.
18lg yivi eieg
%01 1,0}
JI
1
%05 3,01
%06 -, 01
L
%66 1
- 201
(000" ) TANNOSHAd 2V 4 4-1



(%81 Inoqe) pojrual] A10a st asnd puoodss a1y jo jedwir [ed1 2Y) 0S ‘UBTUOPLR))
gsnug jo uonydrosqe ay3 YSnoliyj ul pallied 3Iom J[eY jnoqe asay) J() -NI0OMISU SJI YSNnoIyj pomof ‘eIjxo
uny-ssed 0T 9T 10 0g X 80 S1®2A ¢ AJUO Ul Yey) SUBSI JUR)SUOD dUIl) J10YSs YT, "[-F 814 Jo osnd pliom a8y} se
Appoexo ‘@RET Ul Paidjued Jnq ‘siead ¢ A[Uo Jo 1V ® [ilm ‘ise) L[ouwor)xo st jands puooes oy, 'sieof 47 JO LV
® pue ¢)G1 Ul OIS0 Yjmoid ayy jo juiodrojuad & [)im 9[04D ADIJRIPUOY] 9Y} [[M AIoA S3y SAemIly [sS1LIg]

¢-¢°31 g



661 ‘YSVII ‘1IdydIeN D

0002 0661 0861 0161 0961 0§61 ov61
RS yivi ieieQq
%011 ;.01
Ae=1v
%0501
%06+ (0T
ueijuopaje] ysnug sn|d 4

%66 L ;01

i 4

(60T) WX "SSVd) SADIAYIAS AITNAIHIS — SAVAANIV HSILING




‘(1eo4 10d Y 09 ¢)
[puuosiaod Jo suoI3ONpal IBYIny s3saddns (ury-ssed) dyjeI) Ul UOIRINGES Y, "PoGIOsqeal Jureq JIe)s 0} SUI99s

[euuosiad weruopare)) Ysijug ay,], ‘SIsATeue o1Js130] Inoyyim [puuosiod y¢ jnoqe Bjep spnid ay) a1y 310dax apy

9-g*S1 g



0661 0861 061 0961 0s61
“ : : | m 1 “ : 0z
¢661 "VSVII "NIdYyeN ')
€15 VY1V eieQg
-1 0¢
ueliopaje)
ysiiug snd
b P
(8¢)
—_— T Ov
T 0§

(ovodg + vadg €261 1HLNN)
(000°) S3I3IA0TAWT — SAVAAHIV HSILING




SIeak (g uey)

2I0W 10J jIoMm)au 3y} Suipuedxa JNOYYIM paule)(o Uaaq SeY y{ A Oljel) Ul 9SeaIdUl oY) }eY) I 29S8 URD I\

-G 81y



2661 'YSVII ‘RIdYEy °D

—
I

0661

o861 0161 0961

0561

- F

18IS Y1v| feieQ

(009)

N _—

7

ueluopajer) /\/\

ysiug

(w1 000°) MHOMLIN IVNOILVNYILNI — SAVAAYIV HSILlidg

-

—1- 00S

—+ 000




‘jo3Ieul o) Uo
soue[d a8re] Jo adejroys o3 0} ‘voturdo INO UT ‘ONp UOISUL) BUIOS SMOTS [[13S [RNPISAI o) YSnoyj[e ‘UrIUOpS[R))
ysnig jo uoijdiosqe ayj} 03 anp sI YOS SB[ Y} Ul ISEOIOUI I} JO ISOJA "JUBISUOD A[[ROISR( OOIAIOS Ul

JJeiolie jo Isquunu ayj Jurdaay (g jo lojory ® Aq papuedxo oq uwed olgeIl; moy smoys yg jo ajdwexs ayJ,

8-G° 31



C661 'VYSVII "1y "D

0661 0861 0261 0961 0561

1 . L .
} } ] I t I { 0

—

1.5 vivi eieQ

—o01
(091) > >>/|\\
“—“ + o00¢
t
ueluopaje’
ysnug snid

(bvosg + v3g 261 11LNN)
SANVIdYIV 40 ‘ON L3314 — SAVMAIV HSILING



"I9330Ys st as[nd oy} nq ‘(g861) as[nd puooos oyjery priom ayj jo jurodiaquadn o3 soyojews
Apyeou (8861) osnd puodes ay) jo jurodrajuod SYJ, -uoljeINjEs poyoeel jsowe Juiaey sospd Yjoq ‘uresys Jo
N0 MOU ST BSUBRYYN] SUesw ‘CHGET = L + 8861 PUR 9661 = gg -+ PLEI Juruny oy je Bupjoor] -ury-ssed (O]
Gg Jo ‘osind 98Iy 8Y) YIIm payOrRal [0Ad] oY) so[qnop A[yesu unj-ssed ¢0T GC U¥m ‘osind puooss a1y ‘joej U]

"SoIY3dIa 93 Ur [3mo13 difyely Jo as[nd puodas 1) Jo Fupyoid Jo SULIG) Ul I0IARYI( DUIBI)XS UB SMOYS BSURY)IN]

6-9'31q



vivi -eieq

000Z 0661 086l 661 0961 as61
} ] -} } } %1 701
¢661 ‘VSVYil ‘maypren
%01 + m-Qﬂ
%05 -+ 0T
%06 —| ;OI
%66 — Z01
611V 4 41
4

Aac: pauodsues) wx-ssey
VSNYHLANT - H1



"PRIQNOP 2RI} Uaym 94/, A[UO pasealdul A9y, OUjel) Ul asealdul a(} ury) ssof A[[enjoe
st soafojdwa ul asealout oY, ‘sevAojduro sures oY) Y}m aiouwl op 03 Aunjroddo ayy jo Junyyoid jo peajsul
pepuedxe jsnl Aueduwiod ay) Suimoys ‘A[Snus ORI} Ul ISBIIOUL I3 SOUDJRW SIRAA § JO JURISUOD dWI) @ [IIm
pue GRET Ul Palajusd aABm Puodas ay], 'sealo[dwo ()00 Q¢ Je sejelnjes 4] 'sIesd GZ JO jURISUOD dUWIl) © pue

96T ur Jurodiajuad e YiIm saul] Xopoyjlo A300)1ad smo[[o] esur)ynr] 10J YImol1d [ouuosiad Jo asem IsSIy YT,

01-9°314



661 "VSVil ‘_ygueN °D

000¢ 0661 0861 0l61 0961 0561
" i | i | or 20"
‘1e3g y1v| eieq
T
- 1-01
A g= 1v
- o0t
e+
(g2) N
- 101
= NO.—..
4 4-1
4

(000°) 13uuosiag — H



‘Ayoedesiono jo dn-pling e st 21943 ‘gl = L + 8861 Ul Surjeinjes
are uny-ssed asneddg €00z = €1 + 0661 Ul pus prnoys ssovord 9y} jey) smoys sIead ¢ jo JUeIsuod sully
9y, "193f 273 Sul[qnop sI ‘0661 Ul paidjuad ‘asind jse} ‘puooos ' jng -owry jusserd ye payoeal aq o} soueld

paIpuny auo premo} Juraowr sem 91 osnd 3s1y a1y up -3diIos oures oYy SMO[[OF BSUCYJIN' JO 9ZIS 100} oY) OS[Y

11-g°31q



661 "VSVII ‘dye °H

006¢ 0661 0861
k i |

0261
1

0961
)

I | 1

1815 v1ivi ‘eieQ

SANVIdAHIVY 4O "ON - H1

%66 - Z01



‘sa9Aoldwe Jo JaquInu IoFie[ € pue ‘Y)3Ua] Ul 3[qUOP jSouije JIoM)aUu & jnq ‘yg
uey) uny-ssed ssof sey juasald ye HT A[[ejuopou] "ASoyers yg jo Areljuod a3 A[oexy -jlomjau Jurjsixes-aid
91} U0 UOIYedYISUIUT 913 [}m ‘uoisuedxo [B1I0)1119] UO paseq Sem AJojerI)s s yey) Sumoys (661 PuUe £861

usamjaq So[qnop A[jesau [j3us] JIom)au s3] “pPIp BSURYIYNT yeym jaidiojur 01 Aoy oy sdeyiad soAld {Ieyo SIy ],

Z1-9°81



C661 ‘'VSVI| "Mdynepy )

000¢ 0661 0861 061 0961 0S61
L L 1 | | 01
I ! ] T I %1 <
e1g yivi ‘eyeq
%01 + [-01
%0S— o01
%06 - (01
%66 —L z01
4 41
4

(wy 000') MyOAMLIN TVNOILVYNYILNI 40 H1ON3T - H1



Jurod woneInyes oYy opisul

SoINSY 0} pes] SMolIe aY], "OYjel) p[Iom Ul s3I a1} Jo as[nd a3 Jo jyoid jou pip yYAAL 18U} JUIPIAS ST 41
wy-ssed e U007 "2DUSPIAS DIWIOUOXE]} YINoIy) Aedsp Jo SI0jedIpUI oY) 3093p d[oy JySJru sisA[eue ino ul

VAL JO sIoqunu oy J, "opedap )se] o3 Suunp o[qnol} ul yonw pue ‘qiodsuel) Ire Ul saUIRU SNOLIOS © ST VAL L

€1-g°31



661 ‘'VYSVII ‘Mdyde D
000c¢ 0661
i 1

0861
t

061
:

0961
[l

0561

T t T

18IS viv| ‘eieQ

(601) WX "SSvd - vamL

%1 | 201

%66 -
4 4—1

201



-8uI1358I210}

10J siseq JU9[[80Xa UR U aARY P[Nod £861 'sIejewrered Jo UOIJEOYIJULPI snolaaid ay) WoI] gonur asueyd jou

op (seanpadoid 3uy pesoidurl pue) ejep vI)xa 9y ], ‘GREI Ul 2UOp INg ‘C1-¢ F1q se sisA[eur awes aY) s SIY ],

PI-¢31q



000¢

G861 ‘'VYSYII "IdydieN )

0661 0861 0L61 0961 0s61L ov6lL
t ' $ + } 4 ¢ + $ + + + Nlo_.
%l
Y1V ‘sonsneis Jodsues] ity PO seleQg 4
%01 + wiop
SHVY3IA 82 =1V

%0S T oo_.
4-1

471 4
%06 <+ —.O_.

Ama: WX H3ON3ISSVd VML




"000°0¢ MOoUu St pur (00 0F Jo WnwiIxeu € Sulgoeal 19jJe paonpal A[osim
sem [aUuuUOSId] -uny-ssed Jo uornjoAd a3 ul 31edIOjUNCD OU SBY GQE PUNOIE FUIGNOP USIPPNS Y], "SSoulsng

VML JO UOIN[oAd a7} [IIM PIJE[OLIOOUN SUIPIS [OIYM 9SINOD B SBY YA J, UI [duuosiad Jo UOHN[0Ad 3],

SI-G°3iq



(og)

661 ‘VSVII "NIdYUeN D

0661
L

086l

]

061

0961

0561

1815 V1ivI ‘eaeQ

1

—t

(02)

(9g)

(000°) S33IAO0TAING - vAAL




‘oq pInoys 31 se oyjer) oy uorjrodoid ur Jurmolrd Lyianonpord

jjerdire duraeawr udls aArjisod e SI SIYJ, "JUR)ISUOD A[[RIJUBISQNS PauUIRWLI 199 YM I, Sumop pue sdn yjrp

91-"311



<661 ‘VSVII ‘tidydepw D

0661 0861
[ | ]

0261
]

0961

0561
l

1815 V1vI eleQ

——

SANVIdHIV 40 "ON - VML

(o21)

— 0C



"Julye)sIsA0 puUR 20U0dSaULS og Aetl sIeaf SB[ 9Y) UI S9[qNoI) YL Jo uoryejardiajur oy,

‘s1eaf Gg 15e] 93} JulInp 9[qe)s A[[edIseq paulRUIal ‘[RUOIRUIIUI PUe [RUOIYeU Y30q ‘Y)3Ua] JI0OMIdU 973 OS[Y

L1-9°81gq



2661 ‘'VYSVII ‘niayaey °D

0661 0861 061 0961

0561

1 ]
-1 ] i t 1

\/A\l/ Aoqc
<\o/

183§ V1vV) eieqg

(LTI T-TTYES 1T <

jeuonepn <

yd (s61)

(W 000°) HLONIT HOMLIN - VAL

——



6. On Airplanes

The most important parameter of an airplane from the functional point
of view is its productivity which can be defined as the product of capacity
(e.g., number of seats) by speed. It comes out as a flux: pass-km/h. Air
travel per se can be defined as a flux if seen in the statistics as pass-
km/year. One can divide that number by 10.000 and get the pass-km/h
homogeneous with the units measuring the productivity of airplanes.

A historical analysis (Fig.6-1) shows that airplanes productivity always
runs parallel to traffic flux. One of the interesting consequences is that
from 1950 on, in spite of an increase in future traffic flux by a factor of
about 40, the number of commercial planes stayed remarkably constant,
around 4000. This rule has been broken during the last ten years or
so, our opinion being that large planes were not available in sufficient
numbers and very large ones not available at all.

The parallelism between productivity and traffic flux seems very ra-
tional as it keeps vehicle congestion stable. It can also be verified with
oil tankers, whose number tends to be independent of the commercial oil
flow over the oceans, and which again is around 4000. Accepting this
point means that an increase in traffic by a factor of ten may require an
increase in plane productivity again by a factor of ten.

This arithmetic will create problems. Planes operate at different hier-
archical levels, basically four, although a fifth level is developing. Curi-
ously the ratio in productivity between planes at successive levels upward
is about 0.62 or the golden ratio. It represents @ fractal filling of a func-
tional space. For jets which have more or less the same speed, the number

of seats can be 450-280-170-100. Anybody can recognize famous models



carrying these numbers.

Multiplying by ten these figures makes no easy machine to engineer.
Let us start from the first level now occupied by the 747. This first level is
reported in Fig.6-1 where the makes are positioned by their productivity.
With the increase in traffic airplanes became larger, and larger planes
require more powerful engines. The development of engine capacity is
reported in Fig.6-2. Piston engines are characterized by their HP, and
jets by thrust (Ib or kg force). Piston engines capacity grew logistically
to a saturation point around 4000 HP. Their central problem was that of
fluid flow. The complicated tubing and batch processing made air flow,
i.e., power, limited. Jet engines operate with an unimpeded air flow,
tendentially straight; they can gulp two orders of magnitude more air
and reach one order of magnitude more power. Their problem is physical
size. Apart from the sheer bulkiness, their power grows as the square of
linear dimensions, but mechanical problems grow as the cube. The jet
engine concept, as shown in Fig.6-2, appears to have deployed already
most of its potential. However, one way is left open: that of moving
alr around engines faster. If we go, for example, to mach 7, the engine
will gulp an order of magnitude more air than going at mach 0.85; the
airplane also gets a productivity ten times larger for the same size. That
way one can perhaps solve the problem of a x 10 productivity for the
first level.

The second level should carry, say, 280 x 10 = 2800 people. Deplaning
such slugs will create certain congestion at the bays, but let us look
at the planes. Carrying 1000 people is no problem, and a beefed up
747-1000, already designed, could do it. This jumbo-1000 would carry



passengers on three levels, like the old steamers. Fig.6-3 gives a humorous
sketch of its problems. Multiplying such capacity by three with constant
engine power means making the airplane plus fuel much lighter and the
aerodynamics more sophisticated.

With new engineering and materials one can make air frames lighter
and lighter following the historical trend. Aerodynamics and engine per-
formance reduce the demand for fuel, and proportionally the fuel weight
transported. Hypersonics are bound to use liquid hydrogen (LH;) which
is three times lighter than jet fuel. Its use may spill down in subsonic
planes. Airbus industry is actually tinkering with an LHj-fueled plane
for medium range. A 3000-seat plane should lift 300 tons with passengers
only. A 747 lifts now more than 100 tons of payload (and 100 tons of
fuel) and a Tupolev 200 tons of payload. Our ambitious objective does
not seem out of reach even if only patching up present technology.

Taking some cuts on numbers, a 747 at take-off may weight 400 tons,
of which 100 tons are the paying load. The other 300 can be divided
half-half between fuel and airframe. In our super-747 (operating at sec-
ond level!) the paying load should be 300 tons, as said. The volume of
the plane might be twice as large, but in the name of progress in engi-
neering and materials, we keep the weight constant. Fuel consumption
will decrease due to more efficiency in propulsion and in better aerody-
namics. Even not including LHy, and because a second level is relatively
short range, we can make 50 tons for the fuel. Total weight would then
come out to be around 500 tons. This means that runways can be the
same as today for the second level down.

When new problems come, that even the best patch-up of old technol-



