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(1)
Surmary

The air transport industry spends a great deal of time and resources
developing and agreeing pricing policy. Such efforts imply a price responsive
market, which may well be justified in the case of passenger traffic. This
study attempts to determine how well founded a similar assumption is in respect
of cargo traffic.

By weight air cargo is only a minute fraction of total trade. Being
largely composed of high value per weight cormedities it represents, however,
a significantly larger part in terms of value. If value per weight, or rather
the proportion of it represented by transport charges, is the dominant criterion
in choice of mode, then the assumption of a price elastic market for air cargo
seems Jjustified since the quantity of goods traded increases rapidly as average
value per weight falls. Most earlier industry studies are based cn such
reasoning and suggest relatively high elasticity coeffients, ranging fram -2.0
1o -11.0.

. Investigation of distribution management decision-making, deduction from
micro-econamic theory and analogy to import tariff elasticity, indicate that ..
such estimates are biased upwards. Detailed statistical analvsis ¢learly confirms
this.

Commodity or product characteristics, “the natvre of the market for the
product, the existing distribution systems serving that market all appear to -
be of greater importance in choice of mode-than de changes in rate levels.

The demand for transportation is derived and, like a factor of production,
its elasticity therefore based on the nature of demand for the goods it helps
produce. Inference from studies of import tariff elasticities for manufactured
goods indicate an inelastic demand for air cargo.

Statistical analysis confirms this and, by separating out the effects of

income and time, offers an explanation for the upward bias in earlier estimates.
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Chapter 1

The role of air carso in international &trade:

some fipures, forecasts and facts




1.1. Introduction

The aims of the firstthree chaptersof this study are to furnish
background information on the part played by air carpo services in
international goods transport and to examine the endogenous and external fagctors
determining the scale of that role. The intention is not to provide a
precise and complete description of all aspects but mere}y to sketch in
the most important features for the purposes of perspective. It is,
perhaps, logical to begin with a broad outline of the main international
trade flows and their commodity composition. This will give some general
indication of the scale of présont air trade and of its potential. This
is followed by a more detailed discussion of the scale and nature of

present air carpo traffic.

1.2, Patterns of international trade

According to available data ( ]) the apgrepate exports of all
countries in the world has been growing on average at about 77 per year
and by 1970 had reached a level of more than US$ 280 billion. Table 1
shows the geographical breakdown of this total by main repions. A large
part of this trade, approximately 567 in 1970, is in low-value primary
commodities which are of little interest from an air transport point of
view. The overall magnitude and pattern of exports of higher-value manu-
factured goods is of more dirgct relevance. Table 2 gives a broad out-
line of the geopraphical breakdown and development of this trade over the
period 1960 to 1970.

Compared to the 77 for all commodities, international trade in manu-
factured goods grew on averapge at approximately 97 per vear during the
1960's. 1Its proportion of total trade has therefore increased. The largest
single trade flow is to and from Hestern Europe. representing in 1970 some
477 and 277 respectively of world trade in manufactures and totally. The
second largest trade region is North America which accounted for 247 of
trade in manufactured poods and 20%Z of the total. Growth of international
trade in manufactures averaged a little over 107 pér year for both these
regions during the period 1960-19270.

Of the West European trade in manufactured goods some 687 is intra-
regional, a further 127 is with the United States and Canada and the
remainder with the rest of the world. For the United States and Canada
437 of international trade in manufactures is intra-regional and 287 with
Western Europe. Over the period 1960 to 1970, growth of European trade in
these commodities has been on average 117 per vear intra-regionally, 97 per
year with North America and 77 with the rest of the world. WNorth American

trade in these commodities grew at approximatély 127 per vear intra-region-
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Table 1: Geographical distribution of world exports by value -

all commodities 1970

(US$ millions)

To | Western ; Eastern x) | North xx)|US and _fRest of World
From Europe | Europe Africa Canada | World Total
Western
£iFob 76,075 | 5,538 2,234 13,383 22,167 1119,397

b

Eastern x
Europe ) 5,715 | 17,898 564 287 4,934 | 29,398
North xx)
Africa 3,528 470 44 179 307 4,528
US and
Civais 15,405 400 60 {19,380 19,814 | 55,059
Beatiok | 22,5891 Zme 720 {17,174 28,557 | 71,710
World i e ’ * * *
woxld " 123,266 | 27,022 3,622 50,403 | 75,779 | 280,092
Total ’ ! ' ’ ’ ’ |

x) including U.S.S.R.
xx) Algeria, Libya, Morocco, Tunisia and U.A.R.

Source: U.N. Monthly Bulletin - various
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Table 2: Geographical Distribution of world exports by value -

manufactured yoods (1960) and 1970

(total SITC groups 6, 7, and 8 except 67 and 68x) i

US$ millions)

To : Western : Eastern E North | US and |Rest of ! World

From ! Europe ~ Europe | Africa : Canada |World : Total
Western ; 40,056 | 3,245 1,393 7,667 14,060 66,421
Europe i (13,900) | (930) 1(1,060) (3,316) (8,384) (27,590)
Eastern 1,333 9,677 187 144 2,298 13,639
Europe (405) (3,860) (58) (29) (1,448) (5,800)
North 33 88 20 9 55 205
Africa (36) ! (10) (18) (14) (46) (124)
US and 6,220 53 18 | 10,878 9,430 | 26,765 .
Canada P (2,220) ¢ (29) (103) (3,331) (5,670) 1 {11,353)
Rest of 3,360 | 514 | 343 4,925 8,236 | 17,378 |
World (939) : (506) (211) (1,420) (2,982) : (6,058) :
World {51,002 13,577 ¢ 2,127 § 23,623 | 34.079 ' 124,408 '
Total ¢ (17,500) ¢ (5,335) (1,450) | (8,110) | (18,530) : (50,925) °

x) Manufactured goods classified mainly by material;

transport equipment; and miscellaneous manufactured articles but

excluding iron and steel and non-ferrous metals

Source:

U.N. Monthly Bulletin = various

machinery and
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ally and at 27 per year with the rest of the world.

"™Mile the fipures above sive some basic indications of trade patterns,
trade statistics by value are, of course, not as useful in specifying
transport requirements as trade flows defined in terms of weicht. This is
especiallv true in the case of air carro. Many items moving by air have
extremely hich values but create very little in the wavy of traffic e.p.
bullion and other rare metals, precious stones, artworf, antiques, etc.

The geocraphical distribution and developrent of trade must be ex-
pected to differ in terms of weirht from those in terms of value because
the commodities involved differ from area to area, influencing the average
values per unit weipht. WNo detailed worldwide statistics on trade by
weipht are puhlished and only fractional data exist on the proportions of
internatonal trade moving by air and by surface transport. A sample of such
data is shown in Table 3.

It would appear from the table that the total trade by weirht,
excludine crude materials and mineral oil products, tends to he more
heavily concentrated to intra-repional marlets than the samne trade
considered in terms of value. T'Thereas Tahle 1 showed thar of total
West European exports by value some 6R7 was intra-rerional and 127 with
the rest of the world, the data in Tahle 3 sugrest that by weight intra-
repional trade represents a substantially ereater proportion and other
trade somewhat less. :

The peographical distribution of trade poing bv air is also included
in Table 3. This shows the opposite pattern with a smaller proportion by
weight rovine intra-repionally than by value and a considerably greater
share of North American trade going by air. It is interesting to note
that for a centrally located countryv the tvnical intra-refional share of
airborne trade is 507 to 607 whereas for countries in the peripherv of a

region, such as Finland, fGreece and Sweden, the proportion is around 707

to 807.

1.3. Present air carro traffic bv weirht and value

1.3.1.  Air caree traffic by weirht

In 1970 tetal scheduled international and dorestic air traffic
including passenrers, careo and mail) amounted to sore 48 billiu? tonne-
ki]onetﬁrsx). Corpared to 1969 this was an 117 increase, below the 147
per year averzre for the period 1960-1979. Total international scheduled

traffic prew by 17%Z in 1279 to 22.2 billion tonne-tilometers, an increase

v

Footnote! :

x) Statistics fov the U.S5.5.0. are not included
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Table 3: Examples of regional distribution of international trade by weight

(all commodities except SITC groups 2 and 3, crude materials and
mineral oil products)

Export and Import

by all means of

H

Export and Import
by air transport

transport
Intra- North Rest ofgglntra— North Rest of
Regional | America | World :Repionali America | World
i
Austria (1968) 907 27 87 i 647 277 97
Finland (1967) 857 5% 107 867 117 3%
Germany (1968) 887 67 67 H 507 397 11%
(Fed.Rep.of) %
Netherlandsx) (1967) 717 67 237 i 647 28% 87
{
Switzerland (1968) 937 37 47 ; 587 27% 157
i
Greece (1968) i ~{een S ! 767% 137 117
Sweden (1967) - eee M 677 | 267 7%

x) Including crude material and mineral oil products

Source:

(2)
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slirhtly above the 167 averare for the decade. This traffic represented
487 of the total, a proportion which is increasine due to the lower average
rate of increase, 77 per vear, in domestic traffic. Table 4 pives a
complete hreakdowm by types of traffic for the neriod 196N to 1970,

The total volume of air freight traffic carried on scheduled inter-
national and dormestic services in 1970 amounted to almost 11 billion tonne-
kilometers, aprroximatelv 237 of total scheduled traffi¢, and brought in
US$ 1,746 millien in operating revenues. equal to 10.67 of the total. In
contrast to the share of traffic which has increased from 177 in 1960,
revenue from cargo activities has remained at around 107 over the same
period. This smaller share in due to the lower average vields, i.e. revenue
per tonne-kilometer, on freipht compared to passenger traffic. It should he
noted, however, that the freight share of revenues for some airlines is sip-

nificantly higher than this world averape.

These traffic firures mav be piven preater meanine if related to
surface transport. Py corrarison, for example, railway merchandize
traffic in the same vear amounted to almost 5,000 billion tonne-kilo-
meters, i.e. approximately 450 times as much as by air. As for seaborne
shipping, some 2.4 billion tonnes of cargo were loaded in that year, dry
carpo accounting for almost a half. The averape distance factor for sea
traffic is not knowm, but even at a conservative estirate of 2-3,000 kilo-
meters this would mean a traffic scale some 500N tines as preat as that hy
air,

The very small market share of goods transrort held bv air is in
stark centrast to the situation in passenger traffic. 1In competinpg for
the carriage of passenpers the air transport industrv has been notably
successful, havine come since "orld "ar IT to exceed the various forms of
surface transport in the number of passengers carried on the majority of
longer journeys throushout the world. Already in 1958 more passenpers were
carried across the Vorth Atlantic by air than by sea. 1In United States
inter-city traific (excluding cormuter services), air services came to
exceed motor carriers in 1955 and railwavs in 1957 and, by 1970, probably
accounted for somethree-quarters of the total cormon carrier traffic.

The total of scheduled air freight has been prowing at about 177

per year over the period 1960 to 1970, that is slightly above the average
for all traffic. This development is shown in Table 5. Growth has bheen
most outstandine in respect uf international traffic which, averaping over
207 per year, has consistently exceeded the annual increases in domestic
freipht movements since 1963. Dy 1970 international air carpo traffic
amounted to some 6.5 billion tonne-kilometers, equal to about one third

¢f all scheduled air rr27fic and about two thirds of all air freight.
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Table 5:

._9_

Scheduled world air freight 1960=1970

(million tonne-kilometers)

‘ International

i

i Domestic Total Operations | International
i Operations i Operations
Year - : T
{ tonne- percent : tonne- | percent tonne- { percent in percent of
E kilo- |increase: kilo- |increase kilo- ® increase total
! meters | meters ! meters
1960 : 990 1,170 2,160 45.8
1961 1,190 20.2 1,290 10.3 2,480 14.8 48.0
1962 1,440 E 21.0 1,470 14.0 2,910 17.3 49.5
1963 1,660 i 15.3 1,600 8.8 3,260 12.0 50.9
1964 1,970 i 18.7 1,940 21.3 3,910 19.9 50.4
1965 2,600 32.0 2,360 21.6 4,960 26.9 52.4
1966 3,130 20.4 2,730 15.7 5,860 18.1 53.4
1967 3,580 14,4 3,120 14.3 6,700 14.3 53.4
1968 4,500 | 257 3,640 16.7 8,140 § 2L.5 55.3
1969 5,970 ; 32.6 3,990 9.9 ; 9,960 : 22.5 59.9
i
1970 6,470 4 4,300 7.5 !10,770 i 8,0 60.1
1971 7,050 0 4,430 3.0 11,480 6.6 61.4
Sources: ICAO0, "Traffic 1960—1970!1961-1971”. Digest of Statistics

No. 159/169 Series T-No. 30/31 Montreal, 1971/1972




Despite the extremely minor role it plays in gcods transportation, the

air freight market share is increasing. The rate of growth in international
air cargo having been, with the exception of 1970, at a level over twice
that of the growth in international trade in manufactured pgoods.

It is frequently assumed that the typical growth patterns for a new
product will follow a path somewhat similar to that described by a Gormpertz
or logisties "S" curve. At first,while the product is still a novelty
growth is relatively slow and unstable but, as the product becomes better
known, growth accelerates and finally, as the product reaches maturity,
tapers off. As FIG. 1 illustrates, there is some evidence from the growth
patterns of other transport media for expecting air cargo to follow a
similar form of development,

Table 5 strongly suggests that air freight as a whole is still going
through an accelerating phase. However, there is an interesting difference
in growth rates between international and domestic air cargo, the latter
being considerably slower than the former. This may mean that domestic air
cargo, over 807 of which is domestic United States, is approaching the upper
part of the "S" curve and is therefore growing more slowly. The implication
of this being that future growth domestically will depend more prirarily on
increases in industrial production and improved technology.

The same conclusion does not yet seem to apply in respect of inter-
national air cargo althoupgh some slowdown is evident in the last two years.
Growth appears to be less influenced by changes in the level of trade than
for other modes of transport. In fact it may even be possible that air
cargo, up to a point, thrives on recession, exporters and importers becoming
more cautions about holding inventories overseas as the volume of trade
decreases or fails to grow as anticipated. As discussed in chapter X, air
cargo provides a means for reducing stocks without lowering the quality of
service to customers and it seems likely may be more used under such
"exceptional" circumstances than as a regular means of transport.

In support of this argument it could be noted that while the growth
rate of international air carpo is high it has alsc been erratic. Indeed,
it is surprising that even after more than Z5 years of serious development
it still displays many of the characteristics of an "infant industry" e.g.
a rapid but uneven growth, financial instability and considerable and
continuous technological change. Compared to industries of a similar "age"
and technological nature, such as the computer industry for example, the
air cargo business could be said te show a rather disappointing lack of
"maturity" in many ways.

Table 6 shows the distribution of air freight by registry of airlines.
This gives only an approximation of the actual geographical distribution of

international air freight traffic due to the existing system of traffic

-



-11-

LHOJSNYHL COMYO 51LS3W00 SILVAS Q3LINA NI HIV ONV MONHL 71wy 30 SNYILLYd HLMOWD TVII¥OLSIH L B4
086t 0964 ov6L 0264 006+ 088l 098L ovel
A i
/
7 s0*0
/
a 1'0
. / /
{ /
\ \ S*0
/] b
/
094vd \
Hiv \
+ \ 5
s oL
| 0%
ook
AJTIdL QDm

{snoiT18)
STVIA-NOL

000°k



-12-

Table 6: Air freieht traffic by geographical region - 1970
(million tonne-kilometers)
§Airlines o€ repion: éInternat%onal % Domes?ic Tota}
Operations : Operations Operations
{ North America © 2,067 3,681 5,748
Europe ; 2,881 171 3,052
Far East 528 165 | 693
South America 321 141 462
Oceania 177 97 274
Africa 212 35 247
Middle East 284 10 294
i
World (120 ICA0 States) 2 6,470 4,300 10,770

Source: ICAO "Traffic 1960-1970" Digest of Statistics,
No. 159 Series T-No. 30, Montreal 1971




richts ~ see chapter 1 - hut mav be taken as a reasonable expression of
where the hulk of the traffic is peneratecd. The table indicates, not unex-
pectedly, that while it is true that air carco is plohal in scope it is
nevertheless concentrated most heavilv to the industrialised, hirh incore
areas. In 1979 Furopean an! Morth Armerican airlines accounted for rore
than 807 of all air carpo transported. The shares of international and
domestic air freirht beinp 767 and 907 respectively. .

Over 907 of all scheduled international air carro traffic transported
by Furopean and North American airlines in that year, i.e. almost 707 of
the world total, was carried by the airlines of eleven countries, and almost
a half of this bv the airlines of two countries. A percentare breakdowm
of the part plaved by each is shown in Tahle 5. The most important inter-
national route for these carriers was naturallv the Morth Atlantic which
in 1971 represented almost 407 of the total international air carpo traffic
of TATA carriers (3) .

Although all-carco services are not new, some were onerated hefore
World War TI, they only reached a significant scale during the post-war
period, this increase being particularly marked after the introduction of
highly productive all-carro jet aircraft. The international industry data
for the Yorth Atlantic and Intra-Furopean routes shown in Table 8 illus-
trates the growine sipnificance and share of freight on all-cargo services
compared with freirht carried on passenger services. This share must be
expected to fall back somewhat during the next few vears due to the rapid
increase in cargo capacity on passenger flights brougsht about bv the

introduction of wide-hodied airecraft.

1.3:24 Alr carpo traffic bv value

The role of air carpu is both minor and major when it comes to the
total transportation market. It is negligible in termns of volume as
noted ahove, but quite sipnificant if the value of poods transported is
used as a vardstick.

Table 9 shows the air penetration i.e. the proportion of total traffic
moving by air, of United States exports to 17 European countries for 1969.
Penetration by value ranged from a low of 12.3% (¥orway) to a high of L7,9%
(Switzerland), whereas bv volurme the percentages ranged from 0.077 to 1.577.
Obviously the value of air cargo per unit weirht must exceed that of ocean
cargo by a factor of several hundred. 1In 1969, the value of Tnited States

irports per kilogram was as follows:

1969 Sea Air
General imports US$ 0.01/kg 1SS 2.236/ke

Misc. manufactured poods T1S$ 0.45/ke US$ 3.63/kg
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Table 7: Distribution of scheduled international air

carpo traffic carried by airlines repistered
in Furope and North America -1970..

Rank Country Ton?iggiizzzgers Percentage
1. United States 1,824 36.9
2. United Kingdom 500 10.1
3. Germany, Fed. Rep. 476 9.6
4. France 457 9.2
5. Netherlands 383 7.7
6. Italy 272 5.5
7. Scandinaviax) 216 4.4
8. Belgium 187 3.8
9. Switzerland 73 1.5

10. All others 560 11.3

Total 4,948 100.0

x) Scandinavia here includes Denmark, Norway and Sweden only.

Source:

ICAO "Traffic 1960-1970", Dipest of Statistics,
No. 159 Series T-No. 30, Montreal 1971
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Table 8: Proportion of all-cargo traffic carried

on all-carpo aircraft

1960 1965 1970
North Atlantic 437 467 607
routes
Intra-European 227 367 437
routes
Sources: "World Transport Statistics 1970'" IATA, Montreal 1971

"Review of the economic development of the airlines
of E.C.A.C. member states''. ICAO, Montreal 1968.



Table 9: Proportion of trade movineg by air - United States

exports - 1969

Percent of exports going by air
Importing country
by value by volume

Belgium 15.93 0.32
Denmark 25,52 0.43
Finland 15.17 0.62 '
France 40.36 0.62
Greece 12.41 0.21
Iceland 15.29 0.46
Ireland 40.31 0.86
Israel 13.09 0.13
Italy 22.27 0.16
Netherlands 14.82 0.16
Norway ' 12.28 0.11
Portugal ‘ 14.15 0.16
Spain T 12.62 0.07
Sweden 28.41 0.77
Switzerland 47.91 1.57
United Kingdom 36.63 0.90
West Germany 32.91 0.34
Source: '"U.S. International Air Cargo Markets”

C.A.B. Washington, 1970




Products shipped by air cover a wide ranpe, from industrial materials, _
spare parts and machinery to live animals, freshly-cut flowers, and cloth-
ing. Hiph value per unit weight {s often an irportant factor, as indicated
earlier, but attempts to run repressions of the proportion of traffie roing
by air apainst value per V“ilorram gave for the most part unstable and
relatively uninteresting results, confirming the inconclusive findinrs of
earlier research (4) . The reason for the instabilitv in such analyses
can be easily seen from FIG. 2. The curves show the relationship between
the value and volume of exports for a sample of countries and illustrates
clearly the fractional scale of volume involved at hish and medium values
per unit weight. Such small percentapes hehave unreliably in rerressional
calculations.

Table 10 shows the air penetration for the major Standard International
Trade Classification (SITC)} groupings of westhound Morth Atlantic trade in
1969. VYo clear pattern emerses from these highly apprepated data, but there
does seem to be some tendency for air penetration to increase in importance

as products becorme more hipghly processed.

1.4. Air freipht traffic potential

A nurber of techniques for cstimating the air freipht potential of a
given trade flow have been developed employing frequency curves of averape
value per unit weight such ag those shown in FIG. 2. These techniques are
based on the fact that averapge value per unit weight of traffic varies
substantially between different modes of transport. 'By studyinpg the
patterns of values per unit weipht of commodities traded internationally
estinatas, it is arpued, can be derived of how much more trade could con-
ceivably be transferred to air if, by reduéiny rates for example, com-
modities of somewhat reduced values could be taken into account. As can
be seen from FIG. 2. such estimates penerally indicate a large market
potential and hiph price elasticity. For example, althouph there are var-
iations between the curves it .appears that the volume of trade in pgoods
valued above US$ 2.50 per kg. tends to be about four times as preat as
that above US$S 4.00 per kp.

This type of estimation is, however, suhject to two criticisms. First,
it is unreliable from a statistical point of view. Peings based on the mean,
to be representative such estimates must assume that value per unit weipht

follows a normal distribution. This is invalid since the pattern for
most cormodities or trade flows is skewed by larpge proportions of lower-
valued items. Consequently, the modal value would be more representative
than the mean but such a measure is not available in published trade

statistics or easily obtained. This criticism is particularly valid
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Table 10: Air penetration of Furopean exports to the
United States = 1969
Standard International Trade Air cal;go penetration}_
Classification (SITC)
By value : By weight
Code Description Z A
0. Food and live animals 0.86 i 0.07
3 Beverages and tobacco 0.05 E 0.02
2. Crude materials, inedible, except fuels 18.65 f 0.03
3. | Mineral fuels, lubricants 0.01 0
4, | 0ils and fats, animal and vegetable 0.03 0.01
5. Chemicals 12.53 0.23
6. | Manufactured goods, classified by material 10.16 0.18
7. | Machinery and transport equipment 12.62 1.78
8. iscellaneous manufactures, N.E.C. 49.26 12.05
9. Other, including small packages 48.13 8.64
Source: "Uy.S. International Air Cargo Markets"

C.A.B. Washington,-1970



when these general or aggrepate methods are applied on a specific commodity-
by-commodity or route-by-route basis. To be of use these methods must, how-
ever, be applied in detail since the vast majorit)
of air cargo traffic moves at rates defined specifically by commodity and
route.

Second, such techniques are over-simplifications and fail to take
into consideration the fact that choice of transport mode is also influ-
enced and conditioned by a large number of factors other than value per
unit weight. The nature of such factors and the extent of their influ-
ence on choice of transport is discussed at length in chapter 2.

Other more elaborate techniques have also been developed around the
wider concept of total distribution cost (5) . Such methods are based
on the assumption that the mode of transport chosen ought to be that
which minimises not merely transport cost but the costs of distribution
as a whole. Many of the factors involved are those discussed in chapter
2 but-as noted there most attempts to quantify their influence and to
predict from this the traffic potential for any transport mode have
failed to make allowance for the effects of other more qualitative
aspects. As a consequence, the resultant estimates of traffic poten-
tial have proved to be more arithmetic exercises than realistic or prac-
tical forecasts. By the same token that transport cannot be considered
in isolation from the total distribution activity of a company,so too,
must distribution be viewed as merely one of a number of closely related
company functions.

An alternative, circumscribing difficulties in evaluating the influ-
ence of such qualitative factors, is to assume that for a given commodity
their incidence is of equal effect over all routes composing a trade flow.
The share of a commodity traffic carried by a particular transport mode on
any one of these component routes might then be adopted as the maximum
share attainable in practice on the others. The total potential for a
given transport mode can thus be built up on a commodity-by-commodity and
route-by-route basis. ’

Two methods of calculation have been derived from this line of
thoughtx) both of which are based on the principle that, within a single
region to regicn trade flow, e.g. the North Atlantic, large differences

between participating countries in the proportions of trade carried by air

Footnote:

x) These calculation techniques were originally presented in a report pre
pared by the author at the request of SAS and presented as a working
paper to the FSSU (K1Y, Swissair, SAS, and V'"TA) Cargo Policy CGroup
meeting in Seprember 1971. More detailed computer applications are at
present being developed through SAS and with the data processing as-
sistance of the Boeingz Company.



on a commodity-by-commodity basis, sipnifv a potential for increase in the

lower penetration markets.

1.4.1, Method A - preatest air penetration

The ratio of present air trade to total trade by all modes cof
transport is calculated on a commodity-by-cormodity basis and denoted
air market penetration. Each country's total air trade'potential is then
obtained by multiplying the total weight of its trade in each commodity
by the highest air market penetration achieved in that cormodity by any
other country from which the-total trade flow is compcsed, and summing the
results for all commodities. »

In equation form this can be expressed as follows for each country

participating in the total region to region trade flow:-

:‘i’f_al [ac, c, AC_
frace ) Tca " [?E;lmax AC ' ch g ch max AC ! TC“ g TC,
potential P "a b nfmax fEﬂ
TCa TCb TCn
where, TC = total trade in commodity
a...n = range of commodities forming trade flow
AC = present air trade
%%— highest air market penetration of all countries
participating in trade flow.
1.4.2. Method B - air penetration of largest air trade flow

In this method a more conservative approach is used to accommodate
the fact that the highest air market penetration sometimes occurs in the
exports of a country representing a very small share of the total trade
flow in that cormodity and an equivalent penetration is unlikely to be
attained in the other countries representing more substantial shares.
Therefore, instead of selecting the highest air market penetration as a
base for comparison, the air market penetration of the country with the
greatest air tonnage in the commodity is used.

In equation form this is a s follows:

Eg:al Aca Ecﬂ Ecn
=TC X |— + TC, X {.-—— + TC =x
trade a TC b TC n TC \
a|l max ACa b|max ACb n ia% Acn

potential

where, max AC = highest air cargo tonnage of all countries participating
in the trade flow.
By way of illustration these calculation methods have been applied

to the Europe-lmited States trade statistics for 1970.



The Europe - United States air trade potential 1970

In order to facilitate a manual computaticn not all commodities found
in the total North Atlantic trade flow statistics have been included in the
calculation of its air trade potential. Only commodities (defined by 2
four-digit SITC code) with at least 1,000 tons already moving by air in
1970 have been selected, this again accentuates the conservative nature of

the estimate made.

In all 83 commodities were found which fulfilled this requirement, 46
eastbound and 37 westbound. These are listed in Tables (i) and (ii) in
Appendix I. The air potential for each of these commodities was then
computed on a country-by-country basis by methods A and B. As few as 5
and as many as 9 countries were involved in the data base for each com-
modity calculation. The detailed results by commodity and by country are
shown in Tables (iii), (iv) and (v), (vi) in Appendix I and are summarized

in Table 11-below.

Table 11: North Atlantic actual and estimated potential air trade 1970
Actual air trade- Potential air trade
(tonnes) Method A |Method B As 7 of
A B
Eastbound 133,050 94,841 41,503 [+ 71 |+ 31
Westbound 106,919 168,113 66,930 | +157 |+ 63
Total 239,969 262,954 108,433 | 4110 |+ 45

It can be seen from the table that even under these extremely con-
servative conditions the air trade potential is still, at best, only three

quarters actualised. Bearing in mind the maturity of the North Atlantic

as an air cargo route, it seems unlikely that the transport demands

generated by any other trade flow are met more adequately than this.

1.5. Air freight capacity

The total aircraft fleet of all TATA airlines was 3,967 aircraft
in 1971. Of these 572 were all-cargo aircraft or aircraft convertible
from passenger to all-cargo configuration. This represents some 147 of
the total number, a share which has increased sliphtly from the 117 of
1960.
in Table 12.

only acccunt for about 97 of the total number of aircraft and 37 of all

The fleet of all-cargo and convertible aireraft in 1971 is. shown

It appears from the data that piston engined aircraft now

capacity compared to the corresponding figures of 807 and 657 respective-
1y in 1960.

gsented by piston-engined aircraft has been caused by the introduction

The diminishing share of total all-cargo capacity repre-



of more productive jet aircrafii their numbers having increased substan=-
tially over the period. The above figures are even possibly an over-
statement as the high efficiency jet equipment is likely to be more
heavily utilized. These changes in the scale of operation by different

eircraft type have significantly reduced costs.

The total amount of air freight capacity available is difficult to
establish with any accuracy for two reasons. Firstly, only incomplete
data exist on the capacity produced by all-cargo aircraft. Many of the
aircraft listed in Table 12 operate in both passenger and all-cargo
configurations at different times of the year or day in order to accom-
modate variations in the level of passenger and cargo demand. Secondly,
cargo capacity on passenger flights cannot be calculated directly but
must instead be accepted as the residual payload after deduction for
other types of traffic carried. Such estimations, being based on payload
weight only, are likely to overstate the amount of capacity remaining for
cargo since only theoretical consideration can be given to any space con-
straints which might exist.

Bearing in mind these reservations Table 13 nevertheless gives some
indication of the growth and scale of the total cargo capacity offered on
scheduled international services and of the part represented by all-cargo
operations. Total cargo capacity grew at asbout 19% per year over the
pericd 1951-1971 compared to ﬁust over 16% per year for total available
capacity for all forms of traffic. Over the period 1960-1971 this growth
was epproximately 18% per year compared to the 22% for traffic - see Table L
above. While capacity growth has been slower than traffic the amount of
unutilised cargo capacity in absolute terms has increased some eight-fold
over the period and equalled epproximately 7 billion tonne-kilometers in
1971 i.e. about half the total cargo capacity offered. This growth in
capacity has been due meinly to the increase in number and productivity of
all-cargo operations, the capacity offered on these services having increase
on average at approximately 27% per year compared to the 14% on passenger
aircraft.

Even assuming, as estimated in section 1.l4, an accessible eir cargo
market potential almost twice that of existing traffic levels, the scale of
capacity presently offered would still be more than sufficient. Indeed, it
might be argued that in 1971, for example, even if the high growth rates of
the past were expected to centinue (and there were then indications of a
slowdown) there was no justification for general capacity increases until
at least 19T4. Preliminary statistics for 1972, however, indicate a capac-
ity growth. This is due unavoidably to the increasing number of wide-
bodied passenger aircraft that are coming into service but less understander

also to en increase in capacity on all-cargo aircraft.



Table 12: All-carpo or convertible aircraft fleet of IATA member airlines -
iType of -aiyerate i Number in Typical payload Tot
; i operation capacitv capac

; Tonnes
Turbo-jet: i
Four-engine: %
Boeing 747F 1 100 1
Boeing 707-320 219 i 44 i 9,6
Douglas DC-8F/CF 58 : 43 E 2,4
H.S. Comet 4 2 : 18 i
B.A.C. VC-10 1 38
Three-engine: ;
Boeing 7270C 99 ‘: 18 ; 1.7
H.S. Trident 2 i 18 t
Two-engine: E
DC-9F 48 : 11 5
Boeing 737 8 H 19 1
Fokker F28 1 % 7

Turbo-prop:
Four-engine:
B.A.C. Viscount 24 14 3
B.A.C. Vanguard - 19 18 3
Lockheed Hecules 5 20 1
Lockheed Electra 9 15 1
Canadair CL-44 1 24
Ivo-engines: i
Fokker F-27 14 ! 6
H.P. Herald 8 5

Piston engined:
Four-engines:
Douglas DC-4 11 6
‘Douglas DC-6 18 12 :
Douglas DC-7 4 15
Breguet 763 3 12
Lockheed L1046 1 12
Two engines:
Douglas DC-3 15 3
Convair 440 1 8
Total 572 -

Source: ICAO "Fleet - Personnel 1971" Digest of Statistics, No. 172,

Series FP-No 25.

Montreal 1973
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1.6. Physical cheracteristics of air freight traffic

Physical characteristics of the traffic flow also influence the
economics of air cargo services both cn the ground and in the air. From
a revenue standpoint it is the shipment characteristics of weight and
density which are of most significance, the IATA cargo tariff applying
rate discounts and surcharges on these grounds. With respect to costs
both shipment and piece characteristics are important. Since each shipment
must be covered by an airwaybill (AWB) the number of shipments per given
cargo traffic flow directly affects the level of esirline documentation and
accounting costs. The number, weight, dimensions and density per piece on
the other hand influence the handling efficiency within the cargo terminal
and during aircraft loading and unloading. These factors also determine
the type of eircraft capable of transporting the cargo and the extent to
which maximum payload is achieved, thereby establishing the level of
airborne cost per unit of cargo traffic.

Since very little information was found to exist at present about such
factors a survey was necessary to establish a data base for reference and
enalysis. Such a survey was made by the author at Copenhagen Airport on
behalf of Scandinavian Airlines System during the three month period Sep-
tember to November 1971. An abstract of the survey report is contained in
Appendix II, the findings are summarized and discussed below.

A total of almost 12,000 shipments, together weighing some 1,220 tonnes
end covering 210 commodities {as defined by SITC four digit code) were
surveyed. This sample represented approximately 4% of the total cargo flow
through the Copenhagen terminal during the period of the survey. Mean values
of the most important cargo traffic characteristics derived from the survey
date ere summarized in Teble 1L and illustrated in FIGS. =
to T. As the Table shows the typical shipment weighs some 100 kgs, is a
little less than 0.5m3 in cube, giving an average density around 220 kgsfm3,
and is composed of U to 5 pieces.

For at least a part of the sample Teble 1L also distinguishes between
the physical characteristics of traffic carried on different services. Al-
though this sub-sample involves only some 35% by weight of the total survey,
it broadly indicates a generally lower weight and cube per shipment and piecc
for traffic carried below-deck on passenger airecraft. As is shown below the
physical characteristics of the traffic flow as a whole do rot appear, how-
ever, to justify this.

FIGS. 3 eand L4 show the cumulative frequency curves of shipment weight
and density. Some 80% of all shipments were found to weigh less than U5 kgs,
the first weight breskpoint in the IATA air cargo tariff and over 907 less
than 100 kgs, the second breakpoint. In terms of the total traffic flow

shipments under 45 kgs and under 100 kgs account respectively for about 10%
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and 167 by weight and 77 and 107 by cube. To see these measures in a broader
perspective comparison can be made to corresponding surface transport para-

meters. It has been reported, for example, that only some 137 of the number
of railway merchandise shipments are of less than 50 kgs. (6) . Considering

non-bulk seabourne dry cargo, on average only some 87 of shipments are under
50 kgs (7) .

Table 14: Cargo traffic flow characteristics

T

. Cargo traffic flow average Passenger All-cargo ° Total
characteristic : flights fliphts flights
i Weight per shipment (kgs) 44,9 183.6 104.0
| Cube per shipment (cubic meters) 0.198 0.898 0.478
iPieces per shipment 2.7 7.5 4.6
EWeight per piece (kgs) 16.5 24 .6 22.6
{Cube per piece (cubic meters) 0.073 0.120 0.104
? Density 227.2 204 .4 217.5

Since the frequency curve of weight cumulates faster than cube through
the range to 300 kgs and more slowly thereafter to 1,250 kgs, it might be
argued that shipment weight and density have a broadly inverse
relationship, at least over this range of shipment weight. Shipment density
increases up to 300 kgs but falls off beyond that point and especially
rapidly between 750 kgs and 1,250 kgs. Despite this pattern of declining
density the IATA tariff offers the greatest discounts at the highest shipment
weight breakpoints of 500 and 1,000 kgs.

FIG. 4 shows the frequency curves for the physical density of cargo
trafficx). The IATA rate structure requires that all shipments of a density
less than 143 kgsfm3 shall be charged volumetrically at the equivalent of
that density. Thus, for example, a shipment of 100 kgs and 1 m3 would be
charged as it weighed 143 kgs. In previous industry negotiations to increase
the density requirement to a level more in line with the 300 kgsfm3 and
200 kgsme of shipping and trucking, a number of IATA airlines have stated
that only a few percent of shipments are rated by volume. The sample distri-
bution shows, however, some 267 of shipments, representing approximately 307
of the traffic by weight are below the tariff breakpoint. This discrepancy
gives support to the general industry opinion that a significant proportion

of consignments which should be rated by volume are actually rated by weight.

Footnote

x) All reference here is to 'warehouse density" not "on-board density"
as no allowance has been made for stacking or stowage inefficiencies.
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More stringent control of shipment density at acceptance for trensport would

increase airline revenues but would also, of course, inecrease handling costs
toc.

FIG. 5 illustrates the frequency distribution of the number of pieces
per shipment. More than 60% of all shipments, representing about 1k of
traffic by weight, consist of a single piece; 107 are of 2 pieces, and 8% of
3 pieces. 1In all, approximately 80% of all shipments are of 3 pieces or less
but represent only just over 257 of the traffic by weight. More than 307
of the traffic by weight is in shipments of 18 or more pieces. The inverse
relation between weight and density shown in FIGS. 3 and 4 is again demon-
strated here. The weight curve cumulates faster than cube over almost the
entire range signifying that density grows, and increasingly so, with the
number of pieces per shipment. The implication of this is that while low
weight shipments tend to be of higher density and, therefore, offer better
possibilities for payload utilization, this is conditioral upon the number of
pieces per shipment. High weight shipments can be of high density, but this
is most likely if split into a large number of small pieces. The number of
pieces per shipment on the other hand determines handling costs - see chapter
4 - an important element of total expenses.

The weight and dimensions of individual pieces of cargo are also
important, limiting both handling and loading possibilities. FIG. 6 shows
the cumulative frequency curve of piece weight for the sample. Taking 50 kgs
es the limit for manual handling in the below-deck compartment of a passenger
aircraft, approximately 90% of ell pieces, accounting for about a helf of all
traffic in terms of weight, were found to be under this level. FIG. 7 shows
the frequency curves of width, height and length of individual pieces. Over
85% of all pieces have & maximum of 80 cms in any one dimension. The maximun
piece dimensions acceptable through the below-deck cargo compartment loading
door on a DC-9-21, a relatively small passenger aircraft, are by comparison
132 x 80 x 117 ems. In other words, despite the differences in traffic
characteristics shown in Table 14 it would appear that some 80-90% of all
cargo pieces are of suitable weight and dimensicns for loading and carriage
on most present day passenger aircraft.

The physical characteristics of the cargo trafflc flow can also be
distinguished geographically. For example, the average interconti-
nental shipment appears to be sorme 30-407 greater in terms of weight than
intra-Furcpean and to be compesed of 2 to 3 times as many pieces. Intra-
Furopean traffic, by contrast, has a higher than average warehouse density.
North Atlantic traffic has a density some 2L% below the average in total but
with great variety by direction due to the different natures of the ccmmodit)
flows involved, being 427 below the average in westbound direction and 18%

above eastbound.
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1.7. Periodic fluctuations in air cargo demand

Fluctuations in the demand for air cargo can in general be broken
down into three elements:-

(a) quarterly or seasonal variations;

(b) variations by day of the week; and

(c) variations by hour of the day.

These fluctuations tend to follow cyclical patterns with peaks oc-
curring in:-

(a) the last quarter of the year;

(b) immediately before a weekend; and

(c) in the late evening and night.

The size of the fluctuations can be of considerable economic signifi-
cance for both revenue and costs. Transport is a service and cannot be
stored. This irmediacy means that the amount of revenue earned by an air-
line or even the industry as a whole, will depend very much, therefore, on
how well the capacity, frequency and scheduling of
services match these variations in traffic demand. From the viewpoint of
costs on the other hand, traffic patterns and especially traffic peaks
establish the scale of resources required for effective operation, re-
sources which must also be maintained through times other than the peak.

FIG. .8 illustrates the extent of quarterly fluctuations in air cargo"
demand on the North Atlantic'compared to similar
variations in passenger traffic. The graph plots the ratio, "A", between
the highest and lowest traffic quantities per quarter in each year over the
period 1962 to 1971. For cargo traffic the ratio has been in the range
1.1 to 1.5 over the whole period. For passenger traffic, despite the
existence of a large number of seascnally differentiated fares, the size
of fluctuations has been much greater, around 3.0. 1In the case of cargo
this traffiec ratio appears to have increased slightly with time and in
passenger to have decreased. With growth in traffic volume the fluctuations
have in all cases increased substantially in absolute terms.

Ratio "A" somewhat overstates the significance of demand fluctuations,
however, since it takes no account of the effect of the general growth in the
quantity of traffic over the period in question. In the case of cargo the
peak trafficquantity has ovccurred almost invariably in the fourth quarter of
the year and the lowest in the first quarter. This means that a more accurate
comparison would be between the highest traffic quarter in one year and the
lowest in the next. Such a ratio, "B", is also shown in FIG. 8 for hoth
cargo and passenger traffic.

With such an adjustment for growth the ratio between highest and lowest

quarters has rarely exceeded 1.1 in the case of cargo. In the case of
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passenger traffic the ratio still remains much higher.

Taking the North Atlantic as being generally representative, it would
thus appear that fluctuations of the air cargc demand over seasons of
the year are very limited and unlikely to be of any great impact in respect
of capacity utilization. In contrast, the pronounced fluctuations in passen-
ger traffic may indicate that the cargo capacity on passenger flights varies
considerably during the year. ;

While the pattern of long-term fluctuations in the cargo flow is of
importance to the amount of revenue earned fluctuations from day to day and
hour to hour are of more irmediate relevance to cost levels. Despite their
influence on costs very littie information about such fluctuations appears to
be available. An indication of how the traffic flow is distributed over these
time periods might, however, be gained from the data collected in the sample
survey described in Appendix IT. The variations that were found in the level
of traffic flow by day and hour are illustrated in FIGS. 9 and 10. From
FIG. 9 it appears that there is a general increase in the volume of traffic
per day from Monday through to Saturday, with a fall-back on Sundays. The
average quantities of cargo : handled in this instance were in the region
of 250 tonnes on Mondays and 410 tonnes on Saturdays, i.e. a peak-to low-
day ratio of about 1.6,

The total cargo flow i.e. imports, exports and transfer cargo, by
hour of the day was found to follow the very distinct pattern shown in FIG. 10
with almost two thirds of all traffic occuring in the eight hour period from
22.00 to 06.00. Inbound traffic predeminates in the first four hours of this
peak, with about 707 of the total arriving during that period, and outbound
the second half, with 507 of the total in that period. Dividing the
24 hour period into three shifts: 06.00-14.00, 14.00-22.00 and 22.00-06.00,
gives the peak-shift 22.00-06.00 a traffic flow ratio of around 1.5 against
the total in low-shift.

Combining the ratios of high to low traffic flows in each of the time
cycles considered, quarterly, daily and hourly, will give some indication as
to the scale of the peak problem present in the air cargo industry (a problem
common to all service industries). The quantity of traffic in the peak
quarter, day and hour is in the region of:

1.1 x 1.6 x 1.5 = 2.6 times as great as the quantity in
the low quarter, day and hour. Needless to say this creates severe problems
in selecting an optimum scale of operation, particularly in respect of ground

handling facilities.

1.8. Directional imbalances in the demand for air Carge

An essential difference between passenger and cargo traffic is that

the vast majority of passengers fly round-trip while cargo travels one way
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only. As a result directional imbalances exist in the quantities of cargo
traffic on many routes.These present problems to the further expansion of
certain routes, especially those connecting industrialised and less developed
nations where the nature of the commodities traded makes traffic very much
one way. On most important routes a more reasonable balance appears to exist

On the North Atlantic, for example, as Table 15 shows, there does not
appear to have been a serious directional problem in the total cargo flow
over the period 1960-72 with the exception of the two most recent yvears. The
average ratio of the high to low directions have been about 1.16 i.e. the
quantity of traffic has been one average approximately 167 greater in one
direction This imbalance was in favour of the eastbound direction
from 1961 to 1967 but has been consistently the other way since then.

The directional imbalance in cargo traffic flow on passenger flights
has in general been somewhat greater than on all-cargo operations, the high
to low ratios being 1.18 and 1.13 respectively, but this trend is deterio-
rating with respect to all-cargo operations. The scale of the directional
imbalance in 1965 was, in absolute terms, equal to roughly 57 of the total
traffic moved on all-cargo flights and 127 of that on passenger flights. By
1972 these proportions were equal at 107 for both passenger and all-cargo
aircraft. Thus, the degree of capacity utilization on all-carpgo flights has
declined due to the increasing incidence of directional imbalance in
traffic flows.

Closer investigation shows that this deterioration on the North
Atlantic has been mainly due to the substantial imbalance in traffic *

between Europe and Canada where west- to eastbound traffic ratios
are in the region of 3:1., Certain carriers have attempted to remedy this
situation by routing their all-cargo flights through the United States on
the eastbound leg. Such action, however, requires both all-cargo aircraft
and the necessary traffic rights.

On other routes, such as the South Atlantic, the problems of di-
rectional imbalance are larger and growing, with southbound to northbound
traffic ratios approaching 2:1. Recent TATA statistics indicate that these
problems of directional imbalance are frequently greater in revenue terms
on such routes due to the generally lower level of rates applied in the low

traffic direction. Ratios of 3:1 and 4:1 are not uncommon.

1.9, Air cargd agents and forwarders

Whereas major international airlines may count their customers for
passenger services in hundreds of thousands, their important customers for
air cargo may rather be counted in hundreds. A representative of Pan
American World Ai-ways, for example, has claimed that more than 507 of the

cargo carried by that airline comes from fewer than 57 of its customers
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(8) . 1In spite of this, however, it has not been very cormon for shippers
and airlines to deal directly with each other but rather through an agent
or forwarder,

The existence of agents and forwarders dates back to before the
beginning of air transport. They may alternatively act strictly as agents
for shippers and consignees, dealing on their behalf with the airlines and
other parties involved, or they may act as consolidators whereby they assume
separate contractual relationships themselves with the shipper on the one
side and the airline on the other. Until the development of containerization
in air cargo their activities were mainly as intermediaries, since that time,
however, increasing emphasis has come to be placed on their latter role as
consolidators.

From the point of view of the shipper the agent performs essential
functions such as cartage to and from the airport and the premises of the
consignors and consignees, provision of documentation services, including
the preparation of airwaybills, clerical services, communication and infor-
mation facilitates for monitoring the progress of a shipment, and advice on
routings, schedules and rates. Such services would be too time consuming
and expensive for the majority of shippers to provide themselves and airlines
usually only provide such services in the vicinity of airports. The con-
solidator or forwarder provides all these services to shippers and in ad-
dition offers lower rates through groupage i.e. consolidating individual
shipper's loads to achieve rebates for higher weights and pallet loads. In
the case of iﬁports, both agents and forwarders also provide brokerage and
customs clearance facilities.

From the air carrier's viewpoint both agents and forwarders provide

services which, except in a few isolated instances, the airlines
themselves have never attempted to perform. Most importantly the agents and
forwarders provide collectively a distribution network of branch offices and
cargo collection depots throughout the industrialized areas of most countries.
They provide road transport for local collection and delivery, container-
ization, breakbulk and warehouse facilities. In addition they issue air-
waybills on behalf of airlines and bty providing the various services and
advice that shippers require, perform a handling function at what should
be a lower unit cost than if the competing airlines were each to provide
them separately, with the consequent duplication of effort.

IATA hzs a registration system for cergo agents under which licences
are issued dependent upon the applicant first satisfying a local airline of
his ability to meet certain criteria of handling, transport, sales and
revenue production. The holding of such a licence entitles agents to
recieve commission from the airlines at 57 of the ratss. In theory the

licensing of agents ensures compliance with the IATA resolutions regarding
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rates and practices, since non-compliance would risk revocation of the
licence and therefore loss of commission.

In many countries a significant and increasing proportion of income
for the larger agents accrues from the consolidation of cargo. It shculd be
noted that in the United States, while both forwarders and agents are
licensed bv the CAB, the former are precluded from receiving commission;
hence they depend entirely on the income derived from cénSUIidating
shipments. This form of groupage has been an implicit feature of the
IATA rating philosophy for a very long time by virtue of its "freight-
all-kinds" (FAK) quantity breakpoint structure and is perpuated in the
relatively new system of bulk unitization charges. The IATA air cargo
tariff is described in detail in chapter 5.

A predominant part of air cargo revenue comes to the airlines
through agents and forwarders and their role is demonstrably an important
one to the industry. Currently they handle from 60 to 907 of the revenue
in most countries (9) ' and it is accepted play an important part
in the shipper or consignee's choice of airline. There are good reasons
for believing that maintainance and extension of the present general and
bulk FAK rate structure can only reinforce this position.

Indeed, the successful development of
containerized traffic, and with it the expected ground handling economics for
the airlines, depends heavily upon the cooperation of the agents. It has
been estimatedx) that within a few a years the development of container-
ization could result in 30 to 407 of all traffic by weight being transpor-
ted in containers of one sort or another. To achieve this will require a
substantial commitment by the consolidators in terms of premises and
equipment investment.

The underlying rationale of the carrier/agent relationship has
historically been founded on the fact that competition between the large
number of agents ensured the lowest charges were quoted to the shipper,
even though all were based on the IATA "wholesale' tariff. This rationale
could be nullified if the number of agpents is drastically reduc ed and only
a few very large companies remain. The development of such an oligo-
polistic situation could ultimately lead to a position where consolidators
offered traffic by the plane-load to the lowest bidding carrier. To-day's

roles would then have been completely reversed, the airlines instead becoming

the transport agents of the conmsolidators.

Footnote
x) By an IATA Working Group cf which the author was a member.
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1.10. Surmary and conclusions

The largest trade flows in manufactures are intra-Furcpean and North
Atlantic; the growth in these areas being on averesge sbout 11 and 9% ver
annun respectively. I'ot unnaturally the largest air trade flows are also
on these routes but, at 207 per annum, growing cecnsiderebly faster. It
appears from the data that while the value ver weight of trade in general
tends to increase with distance, the opposite trend occurs in air trade.
This is not so suprising, however, since the economic advantages of air
transport increase rapidly with distance end, at greater distances, can
therefore be of benefit to trade of lower average value per weight.

While air trade is growing faster than the total and in value now
represents esbout 10%, the traffic volumes involved are very small compared
to other mecdes cf transport, but are predicted to grow sufstantially; the
pattern of this growth being expected to follow the classical "S" shaped
logistics curve. Zven the most conservative forecasting techniques indicate
traffic potentials some 50% greater than present levels.

Despite the fact that only about a half of the total cargc capacity
offered is presently utilized, increasing amounts continue to be provided
each year. Over the period 1960 to 1971 capecity growth has been at
approximetely 1&7 per annum, i.e. only a little less than traffic. A
major part of this growth has been the result of increases in all-cargo
operations, even though survey shows that the physical nature of some
80-90% of traffic is suitable for transport in the belly compartments of
passenger aircra’t. '

Two other features of the air cargo industry are also of noteable
influence. First the flow of eir cargo is subject to periodie fluctuations
and directional imbalance which affect both revenue and costs. The fluctu-
ations in traffic level play en especially important part in determing the
scale and level of costs for ground handling services.

Second, unlike the passenger market, air cargo is highly concentrated.
Some 60-80% of 211 air cargo moves thrcuch the channels of agents and
forwarders. The market power this gives them relative to the individual
carrier is further enhanced by the growing incentives offered by the rate

structure fcr consolidation of the traffic by agents into larger shipments.
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Chapter 2

The repulatory setting of air carro
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2.1 1Introduction

It has lons heen arrued and is now renerallv asreed in most countries,
repardless of the ruline political doctrine, that because air transnort
serves the national interest its provision must in some way be repulated:-

«+sss.. povernments have special interests in
the develorment of the air transrort industry
and sore kind of rerulation of the airlines i
necessary to secure these aims of national
policy. (10)

The plentitude of these rerulations has made the airlines of most

x)

countries de jure or de facto mational institutions”’ and has reant the
virtual incorporation of air transport into the public sector of the
economy. The extent and conseauences for air crago traffic of some of

the most irportant rerulations are described below.

2.2 Yational interest and cormercial ohjectives

The fact that it is a public service and can be used to further
national interests has influenced the structure of the air transport
industry (12) (13) (14) . It has meant particularly that the prime
operating ohjective for most airlines is not solely cormercial or fi-
nancial, but has been rade to simultaneously embody political, econonic
and social purposes. Evidence of this can be found in the policy state-
ments of aviation authorities in a number of countriesxx).

Politically an airline i; an attribute of sovereipnty and independ-
ence and as a flag carrier serves the national interest by providing
demonstrative means for their assertion. It is also of value to national
defence, offering a reserve lopistical capability, trainine and main-
taining flipht personnel, and ensurinr the developrment of essential sround
and navigational facilities. Dorestically it can help sustain political
cohesion where cultural, linpuistic, religious, etc., differences are great,

as well as provide an irmediate transport infrastructure where no other

exists.

Footnotes:

x) Selznik (11) asserts that comrercial orpanizations become insti-
tutions throurh the assimilation of orpanizational values which
relate ther to the wider society. This definition seems to fit
admirably the present circurmstances of most airlines.

xx) For exarple, in the T'nited States the 195% Federal Aviation Act
enumerates a list of objectives to be pursued by the air transport
industry beginning with:-

"..... the develeprent of an air-transportation system
properly adapted to the present and future needs of the
foreipn and domestic commerce of the Tmited States. the
Postal Service, and of national defence.”
This theme has since been reiterated in the Presidential Tuternational

Air Transport Policy statements of 1963 and 1970 (15) (16).
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Economically an airline can benefit the industry of its home country
by facilitatine trade, increasin~ the scope and frequency of cormercial
contact and establishire a commercial "nresence’ in foreipn markets. Tt
can also bea direct source of national wealth in itself: a country which
is a net "exporter” of air transport receivin~ pavrment for its services from
the passenrers and shirners of countries whose position as secondary air
carriers make them net "irporters”x). Airline operations also, of course,
play an extremely important part in developing and supporting the tourist
industry, a sipnificant sector of the economy in many countries. ational
interests are also served by‘thp contributien that air transport makes to
social procress. The speed advantare of air makes possible more frequent
and far reaching travel, therebv creating broader onportunities for intel-
lectual and cultural exhance,

The priority piven by national aviation authorities to these objectives
frequently imposes a heavy financial burden on carriers and often makes route
or traffic cross-subsidization, or some form of povernment subsidy necessary.
The receipt of subsidv pav—ent and the frequent erphasis of non-financial
aims has created an industry environment in which, subject to modest profit-
abilityxx) or econoric breakeven, maxirum prowth rather than maxirun profit
has becore the primarv operating obiective. Indeed, it has even bheen
remarked that:-

wesss 1f an airline were to rake bir profits the arencies in
charpe of civil aviation with which it had dealincs, or the
authorities over economic and political affairs renerallv,

would conclude that such profits were excessive, in so far as
they contained possibilities for a reduction in fares (or rates)
and did not correspond to the more ceneral interest or to public
service'” (18) .

Footnotes:

x) Straszheir has noted, for example, that:-

i

wees. in 1960 XIM earned a2 net amount of %65 million in foreisn
exchange from carrying foreipn travellers and saved %72 million
in foreisn exchance by carryine letherlands netionals ahroad.
Aircraft purchase abroad left a net plus of $25 million - alrost
87 of the “etherlands net poods and services foreign exchanre
balance. Elsewhere it has hern stated that in the first quarters
of 1971 alome:- ''Pritish airlines contributed a surplus of $85
million to the balance of payments. '(13)

%xx) "The objective arreed for PEA is an averare return over the five-
year period of 67 a vear on its net assets (after making proper
provisien for depreciacion, but before takinr account of interest
charges)."” Even this cormercially modest aim has only cccasionally
been achieved. (17)
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2:3

Yational interest an! an creratine monopolv

U"ational interest and public service ohiectives have also affected
the structure of the air transport industry in another way. ost governments
have chosen a single national airline as a means in the pursuit of these
objectives., Pv cranting this ''chosen instrurent' a cornlete or partial
monopoly of the scheduled international air services provided hy the airlines
of that country, the authorities have been able to exwrciss through it powerful
influence over developrments in the air transport industry as a whole. The
process of these policies has led to the present situation in which most
countries have only one airline licensed to operate scheduled international
servicesx), and where the right of entry to the international market is

strictly contreolled.

2.4 International regulation of oreration and capacity

In addition to national authorities povernments also work topether
bilaterally and multilaterally throuph bodies like the International Civil
Aviation Organisation (ICAN) and the European Civil Aviation Conference
(ECAC) to attain a si~ilar de~ree of control internationally. The objectives
and benefits of such international collaboration are, however, not very
clearly defined:-

..... any consideration of the extent to which the consedquences

of the present system of repulation are harmful or beneficial must
rest upon an arreed definition of the general public-interest. Mo
such apreement has vet been reached, but a preat step forward would
be made if, instead of disputine both the obiectives and the conse-
quences of their present aviation policies ..... fovernments ware
able to approach the tremendously difficult problem of reconciling
their conflicting national interests for an area of cormon agreement
on the econonic effects of the present répime.” (]19)

Whether to the good or detriment of the industry there can be no
doubt that international repulation forms a major environmental facrtor for
all forms of air traffic. An outline of the major components of this repu-

lation follows.

2.4.1. Traffic freedoms ‘

Any airline operation requires the use of air space, the control of
which is well recornised in international law:-

"The contractine States recornise that every State has
complete and exclusive sovereirnty over the air space
above its territory.” (20) .

Footnote:

x) This can be seen from the fact that in 1970 only 194 airlines were
operating scheduled international services from the 120 countries
that were then contractine members of ICAN., O0f thece approximatelv
40 were very minor operators with small route networks.
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The use of this space by an aircraft foreipn to the state must, there-

fore, be considered a privilere:-

"No scheduled international air service may he operated over

or into the territorv of a contractin~ State, except with the

special per~ission or other authorization of that State, and

in accordance vwith the terms of such permission or authorization. (20)

These conditions are very restrictive hy contrast to the depree of
political control exercised over the operation of some other international
transport media.

In the case of shipping, for example, while coastal operations are
usually heavily protected, international traffic is penerally open to vessels
of any nationality. Exceptions to this rule are considered flag discriri-
nation and in contravention of a nurber of international apreements contain-
ing resolutions specifically forbiddine such action e.s. the Conventions for
European Economic Cooperation of 1948 (21) . 1In practice such discrimination
is of minor importance affecting only some 57 of traffic (22) .

The international transport services provided by road and rail are
subject to closer regulation than ocean shippine and, with the current efforts
of the EEC Transport Corrission in Europe and the Interstate Commerce Com-
mission in the T'nited States to divert poods traffic from the former to the
latter, this seems likely to becorme increasinply so. The extent of this
control at present is narrow, however, compared to air transport rerulation,
and applies more to the naturé of the vehicles employved than to traffic richts
and capacity offered.

The fundarental elcrents of present internationmal air transport regu-
lation were deterrined at the 1944 Chicapo Convention on International Civil
Aviation. Initially 22 nations were partv to the Convention, bv 1971 there
were 120 signatories. Pegulation relates primarily to the privilepe of
operation across states foreipgn to the nationality of an aircraft and applies
to all types of traffic carried. Detailed specification of these privileges
or "freedoms" is to be found in the International Air Transport Agreement,

briefly they are as follows:-

(a) The first freedonm

This allows an airline operator to fly over foreign territory

without landing.
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(b) The second freedom:

This allows an airline operator to land in a foreign state for purely

technical purposes (i.e. for non-traffic purposes).

.;Mrloﬁi e
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(c) The third and fourth freedoms:

These freedoms allow an air carrier to operate for traffic purposes
between his own and a foreign state. The third freedom is concerned with
outgoing traffic and the fourth freedom with the right to carry traffic

from the foreign to the home territory.
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(d) The fifth freedom:

This introduces the rather more complex concept of traffic between
states foreign to the operating airlines home state. These are generally

accepted as supplementary freedoms in association with the third and fourth.

oy P |

_——
-

(e) The sixth freedom:

The right of an airline of country A to carry traffic from country B
through a point in A to country C by combining the fourth and third traffic
freedoms held with B anc C respectively. This freedom was not defined under
the terms of the International Air Transport Agreement but, as is shown

below, its growing importance has led to an informal recongnition over time.

NATION
% !i <
R s i

It was the intention of the Agreement that these freedoms be adopted

multilaterally, crecting an open market similar to that in international



-49-

shipping. The Convention did not achieve this ain. Nue to the overriding
competitive advantare of the Armerican carriers in terrs of equipment at that
time only the non-corrercial freedoms could be accepted rultilaterally. To
ensure "fair and equal opportunity' for all carriers and to protect the
national interests thev represent, a nurher of Curopean nations insisted
that all corrercial freedors be negotiated bilaterally. Such arreements
were not to be bincdine for all tirme and have heen frequently re-nerotiated

since.

2:4.2. Terruda-tvne arreerents

The usual objective of a bilateral apreerment is an equitable exchange
of opportunities for the capacity offered hv the airlines,of the countries

)

concerned (23). ‘‘ost agreements are of the Bermuda—typ:—:'x and specify the
volume of direct inter-rarties traffic as the criteria for the level of
capacity to be provided and only thereafter permit capacity for fifth free-
don traffic (20) .

The extent of this supplementary capacity in relation to the prirary
is not, however, clearly stated in the Permuda capacity clauses but nust
be periodically justified by "ex post facto review'.

In practice, and particularly in areas where air transport is well
developed, the granting of fifth freedom traffic rights is usually strictly
lirmited and permitted only on & closely bargained and reciprocal basis. A
noticeable effect of this restrictiveness is the distinctive "hub and spoke"
pattern that it gives to the international route networks of most airlines
in contrast to the more random disposition of dorestic routings. Examples
of this are shown in FIGS. 1 and 2 respectively.

The question of shape of network can be of narticular economic signi-
ficance to cargo operations because, unlike passenper movements, traffic is
one-way, The economic viability of any flight depends greatly on round-trip
load-factor. Most important all-carpo routes have a directional imbalance
in traffic flow - see chaper 1 - and where traffic rights only permit oper-
ations out to a destination(s) and back over the same route, the capacity
supplied in response to the largest traffic demand must also be offered in
the other direction. If alternative destinations (or series of destinations)
were pernitted (i.e. by making routes triangular or polygonal) a traffic
demand more appropriate to this level of capacity mipht be fcund and a better

overall load-factor and economic result achieved.

Footnote:

x) In January 1946, after protracted negotiation, Great Britain and the
United States concluded an air services arreement in Nermuda. This
has since frequently been used as a model fer other bilateral asree-

ments.
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Another irdication of the cereral restrictiveness in pranting the fifth
freedom is the lirited co~retition on manyv routes from carriers providine
capacity under this traffic rirht. Tahle 1 shows that on a selection of the
most irportant Furorean routes fifth freedom capacity represented only about
177 of the total on averare in 1970.

Whilst the sivth freedor is not norrally dealt with explicitly in
bilateral acreements, its extensive erplovrent can constitute a serious
"leak” to the otherwise closely controlled system of traffic rirhts. However,
any airline concentrating too heavily (or too orenrly) on this type of traffic
risks objection from others or their povernrents on the prounds that it is
distortinr the primary capacity criteria; but control is difficult. With-
out detailed information on the oricin, destination and routinpx) of all
moverments over a route sixth freedor traffic cannot be distinruished and
may simplyv te substituted for genuine inter-rarties traffic. Such practice
becomes particularly attractive in situations where a “ourth freedom sector
is unprofitable in isolation e.c. short-haul all-carro routes, but can he
used to feed traffic to a rore than corpensatorily profitahle on-poing third
freedor sector e.c. carpo on a lonr-haul passenmer flierht. Zecause of the
difficulties in rerulation it is, perhaps, not surprisine to find that this
is an area in which corpetition between carriers is hard.

The extent of such corpetition is lirited in the passenger market by
the ""207 deviation rule'. Sixth freedom traffic involves a deviation from
the direct routing and thereb§ increases the transport distance. If this
increase is preater than 207 then a proportionally higher fare must be
charged. Such a constraint is not imposed on the routin-s of cargo shipnents,
the through rate being applicable over any route.

Until the early 1960's the impact of traffic right agreerments cn the
provision cf cargo capacity was almost entirelv incidental to the conditions
imposed orn passenger traffic. Basiczlly this was so for three reasons.
First, capacity negotiations were naturally most concerned with the larrest
market sector. Although, as noted in chapter 1, carro represents on averare
around 307 of all international air traffic, it renerates only about 107 of
airline revenues. Second, the aerodynaric shape of passenper aircraft
automatically makes available varying amounts of space below the floor in
excess of the requirements for carriage of barrare and mail. Since the

majority of routes are operated by passenger aircraft, passenger and carpo

Footnote:

x) At present the CAT is planninp to implerent a compulsory statistical
reporting systerm of oririn, destination and participatine carrier infor-
mation on all carro shiprents enterine or leaving the I'nited States
by air (24) . This will mzke public for the first tirc the extent
to which various carriers depend on sixth freedom traffic to achieve
an economic result on certain of their routes.
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Table 1. The extent of fifth freedom capacitv on main Furopean routes
Weekly Number of |Column 1
average flights as a per-
Rank | Route nunber of performed |centagse of
X flights in | under 5th |[Columm 2
| one direct-| freedom
i tion riphts
Colum 1 2 3
1 LON-PAR | 241 35 142
2. AMS-LON 157 17 117
3. CPH-STO | 123 43 357
4. DUB-LON 111 0 07 AMS = Amsterdam
5. | cpu-osL | 96 19 207 AHT = Athens
6. MAD-ROM | 64 11 177 BRU = Brussels
Tie BRU-LON | 63 1 27 CPH = Copenhagen
8. HEL-STO | 62 14 237 DUB = Dublin
g. [(ATH-ROY : 61 28 467 FRA = Frankfurt
*  |(FRA-PAR ! 61 13 217 ; HEL = Helsinki
11. ROM-ZRH | 59 17 297 ' IST = Istanbul
12. MAD-ZRH | 54 6 117 LIS = Lisbon
13. MIL-PAR 51 2 47 LON = London
14, | Avs-rra ! 50 5 107 MAD = Madrid
15 AMS-BRU | 49 21 437 MIL = Milan
16. PAR-ZRH 48 6 137 0SL = Oslo
17 AMS~CPH } 47 6 137 PAR = Paris
18. OSL-STO ! 46 11 247 ROM = Rome
19 (FRA-VIE | 42 14 337 STO = Stockholm
*  |(FRA-ZRH | 42 . 2 57 VIE = Vienna
21 (CPH-LON | 41 ° 0 0% ZRH = Zurich
*  |(MAD-PAR | 41 11 27%
23. BRU-PAR % 38 4 117
2% (BRU-FPA 37 8 227
* |(VIE-ZRH 37 2 57
(LIS-MAD 35 7 207
26. {(MAD-MIL 35 1 37
(MIL-ZRH | 35 0 0%
29. LON-MAD | 34 6 187
30. CPH-FPA 32 5 16%
31. | MIL-VIE | 22 14 647
32. LON-0SI ! 18 0 0%
33, ATH-IST | 16 11 697
34, ROM-VIE ! 10 0 0% i
Total {1958 340 177 |

x = Origin/Destination placed in alphabetical order
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capacity are, therefore, icint procucts and ca~nnt be corsidered in isolation,
Third, where all-carro services did erist they rerresented onlvy a rinor part
of the total cargo service offered (less than IS?X)) and were considered of
so slight sipnificance in most cases as not to warrant individuzl exa~ination
in traffic rights necotiation.

This generally literal attitude to carro is now chaneine. '™hile in
revenue temscargo traffic still only represents around 10-127 of total, it
is this contribution which, given present passenger €are levels, Veeps the
operation of many routes viable on a year-round hasis. Awareness of this
fact has increased interest in the pranting of carpo traffic riphts. The
substantial armounts of belly-carpo capacity generated by the advent of wide-

bodied aircraftxx)

and their capability to accept containerised and palletised
loads, formerly transportahle only on all-carpo aircraft, has also further
stirnulated this interest.

On routes like the Yorth Atlantiec vhere, because of freirhter opera-
tions, larpe arounts of carpo capacity have existed for a lonr time the
principle of separate consideration of cargfo traffic is now well established.

x)

. . , X .
This has led to a number of intergovernmental disputes and to the in-
clusion of carro traffic in ex post facto reviews. These reviews have

continued to be on a bilateral basis on the Morth ‘tlantic but a more open

multilateral policy has now been adopted in Europe (25) .

2.5 Industryv rerulation of operation and capacity

Superimposed on this inter-povernmental svstem of capacity repulation
are the individual operatinc arreements concluded between airlines; the
most cormon form of which is the "route pool”.

Such pools are rnostly between two carriers and reflect in practice

the principles, explicit or implicit, of the bilateral apreerent hetween

Footnotes:

x) Complete statistics on carro capacity and traffic by passenser and
frei~hter aircraft are not readily availahle or easily calculated
with anyv accuracy. Carpgo capacity on passenrer flichts, for examnle,
not being calculated directly but instead taken as the residual of
total capacity after theoretical allowance for other types of load.
The above figfure is an estimate based on ICAD traffic statistics.

XX) E.g. the carfo capacity of the passenger version of the Toeing 747 is
roughly triple that of the passenger versicn of the 707 or put another
way as ruch as that of an all-cargo 707.

xxx) The most controversial disputes were between the T'nited States and
Italy in 12A3-65, and ths Tnited States and France in 19f5-A6. The
involverment of the Tmited States in both of these, and in other less
publicised disputes, was prirarily due arain to the temporary equip-
ment advantape enjoved by the American carriers in being the first
to possess all-carrco jet eauipment.
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their respective countries, repulating capacity, frequency of operation and
traffic quotas on the routes coveredx). The main purpose of these arrange-
ments is to assure both pool partners of encuph revenue to attain a satis-
factory economic route result by limiting capacity. Such practice is
expressly permitted by the terms of the Chicapgo Convention and is found in
widespread use almost everywhere in the world except the Inited States where
it is prohibited by anti-trust legislation. ’
There are two basic types of pool cooperation:=-

(a) production pools in which the parties share the
revenue earned from pooled operations in propor-
tion to their share of capacity production; and

(b) cost/revenue pools in which the parties share both
costs and revenue oripinating from pooled opera-
tions in proportions agreed in advance. ‘

In practice production pools are the most common and most restrictive
of the level of capacity and quality of service offered. The fact that no
airline would permit too great an imbalance in the revenue shares received
from a pooled route ensures that in most cases the level of capacity is
principally determined bv the carrier predisposed to the most conservative
estimate of traffic demand. The level of quality of servige is affected

e e

in a similar way. Where revenue is shared in proportion to the capacity

s

provided, profitability will be determined solely by the level of cost at
which that provision can be made. Costs can be reduced, and hence the
gain from the pool increased, by lowering the quality of service offered
to a level below that of the other Part?ff_P“t iESt above that at which

— R

it would be called into question e.g. by giving a flight a commercially

unattractive schedule but one which nevertheless marginally improves the
overall utilization of an aircraft. In such a duopolistic situation the
process of action and reaction can only lead to a minimisation of the
quality of service offered. This disadvantage is avoided in a cost/
Tevenue pool.

The details of pool arreements are confidential and the extent to
which they affect operations is difficult to estimate, the variation be-
tween carriers depending greatly on the areas covered by their route
networks. In Europe, for example, almost all routes are subject to such

agreements, whereas on the North Atlantic hardly any are.

Footnote:

x) "To a large extent pooling introduces Bermude-type capacity pre-
determination where the bilateral provides none, through a back-
door on a non-povernmental level. Since, however, such interline
pool apreements cannot be concluded without the blessing, or at
least the acquiescence of the governments concerned, the differ-
ence between the two types of capacity predetermination become
relatively insignificant." (20))
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There can be little doubt, however, that pool agreements also affect
competition on routes where no agreement exists. This is well illustrated
on the North Atlantic where the extensive pool arrangements existing within
Europe between Curopean airlines enable and encourape them to exercise a
strong control over the routing of traffic, 1If, for some reason, the North
Atlantic services offered by one European carrier are not competitive
against those of a North American carrier, there is still the possibility

e o e i .

for that airlire to oht2in a hicger share of the route revenue by channeling

traffic alonp one of the revonué peoled European routes to the ''gateway'
airport of another European carrier offerins a more competitive service. In
this way certain Furopean carriers (e.g. KILM Dutch Airlines and Lufthansa)
have been able to turn the benefit of a liberal bilateral agreement with the
United States into a competitive advantape all over the Europe- North America
market,

It has already been noted that the extent of such sixth freedom com-
petition cannot easily be determined for lack of data. However, it appears
to be growing:-

"There is some evidence that the incidence of air
service by foreign air carriers from points behind
their home countries may continue to increase.” (1))

As well as creating official concern and stimulating attempts by the
authorities, particularly in the United States, at more stringent control,
the scale of this traffic and the marketing efforts of some carriers in
promoting it have also been the cause of disharmony between a number of

pool partners themselves.

2.6 IATA and industry price reeulation

IATA was founded in 1945 by the airlines of a number of countries to
meet the problems created by the rapid expansion of air transport foreseen
after World War II. Menbership is automatically open to any operating
company licensed to provide scheduled air services by a gevernment eligible
for membership in ICAO. The work of the Association deals with the non-
political aspects of air transport operation and is organizationally ad-
ministered by five permanent cormictees: Financial, Legal, Technical,
Traffic Advisory, and Medical.

The jurisdiction of the Traffic Advisory Committee includes matters
such as the analysis of operating costs, operating procedures, schedules,
conditions of carriage, etc. The policy and authority of this committee
stems from decisions made at the biennial Traffic Conferences.

The primary function of the Traffic Conference is price-setting.
Conference decisions are taken only by unanimous vote, each member airline

holding one vote regariless of size. Once adopted and approved such reso-
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lutions are considerad binding contracts on all memhers. In the perform-
ance of its duties the Conference mav accent advice and counsel from other
parts of the Association but within its terms of reference is resronsible
only to the covernments of the carriers represented,

Cargo rate decisicns are cenerally considered more complex than
those for passencer traffic bhecause of the larper number of variables
which should be considered e.g. packaging, perishabilit§, size of
shipment, value, shape, density, handlin~ requirements, directional
imbalance in traffic etc., and the varyinp sirnificance each can have
in different markets. The extent of this complexity and the general
increase in importance of carpo traffic have bheen recognised by the
establishment of a number of separate Commodity Pate Toards, These
Boards have been delepated the authority to reach asreement on the
introduction of lower rates for specific commodities moving between
particular points. As noted in Chapter 5 the vast majority of cargo
traffic now moves at such rates.

There are stronp justifications for the repulation of pricines in
international air transport. As described ahbove, entrv into the market
is strictly controlled and the level of carmacity provided restricted
both by the povernments and carriers concerned. If such a situation
is not to be nationalistically or commerciallv exploited some form of
multilateral control must bhe .irposed on the price at which this capacity
is offered. Although a large number of airlines are publiclyv owned and
have other objectives than profit maximisation, a certain level of
profitability is still an aim for most. The level and priority given
to this aim, however, varies between carriers and without joint price
control there could be no guarantee that its pursuit by one or more
would not be at the expense of the others and of the public and national
interests they represent.

Whilst the justificationms for price control are evident, its prac-
tical application ard the attainment of an economically optional and
uﬁaninously acceptable price compromise is made extremely difficult by
the variation in operating conditions hetween different carriers. Most
carriers seek to maximise the economic performance of their total opera-
tion and in so doing are often prepared to accept cruss—-subsidization
hetween routes and hetween different tvpes of traffic on the same route,
Some carriers, for instance, operate no freirhter aircraft and consider
cargo marpinal traffic only and te be priced accordinely. O0ther carriers
operatine freipghters are prepared to subsidize their costs with revenue
from carpo carried on passenper flights. Others again arpue that all-

cargo operations must he self-supporting and carpo rates set at a level
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to cover the averare costs of such operations.

In addition, any pricing compromise must take into consideration
the different scale and competitive structure of the markets in which
carriers operate. The economic sipnificance of a traffic flow between two
points can vary greatlv between operating carriers. Consequentlv, so too
can their views on the rates to be applied. This is of particular im-
portance where carriers have their operation centre at ;irports which
enjoy a geocraphical advantape in being the natural "gateway' to a larce
hinterland e.c. Cenrenharen to Scandinavia, Amsterdam to Northern Furope,
Frankfurt to Central Europe, etc. and can consequently easily divert
traffic from other points.

The situation is, therefore, one in which price repulation is
generally accepted as necessarv. Such repulation is, however, a matter
of comprorise and opinions vary as to the efficiency of the present IATA
Conference machinerv and the lopicality of the rate structure it has
produced. 'lith resrerct to efficiency assessment is difficult since
meetings are closed and all agreements reached without written record
being kept of the factors considered or the emphasis piven to them. Cer-
tain aspects of tariff rationale are exarined in detail in chapter 5 hut
there seems to be little doubt that in general the level of rates would
be hirher if decisions were bv majority vote (26). IU'nder the nresent
system an airline or minority rroup of airlines wishing to reduce fares
is in a strong bargaining position since it always holds the threat of
vetoing any other agreement. In the ensuing "open" situation all
carriers would be free to aprly whichever rate they chose. To stay
competitive this would mean in practice that all were forced to adopt
the low rate oririnally sought. The success of this tactic has been
demonstrated many times on the Morth Atlantic. The question now is
whether or not this process has been so successful that rate levels

no longer cover costs. This discussion is also takem up in chapter 5.

2.7 Surmary and conclusions

Air carro is one of the products of the air transport industry and
as such is subject to the various national, international and inter-
company repulations that have been built up around it. These repu-
lations apply, in peneral, to three major areas:-

(2) entry to the market and financial operatine objectives;

(b) the right and scale of route operation; and

(c) pricing.

The regulation of (a) is normally the nrerorative of sinple national
governments and whilst there is variation between countries in the derree

exercised, the necessity of some form of control is widely accepted. In
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most countries a part of this control is directed at the intepration of
non-financial objectives into the commercial aims of the national carrier.

The control of (b) involves by definition another state authority
and its national airline and must, consequently, be conducted bilaterally
at both intergovernmental and inter-compay levels.

Tariff regulation (c), by contrast, requires multjlateral apreement
since transport rates between any two points can have important indirect
effects for the pricing and traffic on services to, from and between other
points, some of which may be located in different states. The fact that
cargo tariffs are unaffected by the length of the routing actually adopted
gives this point particular significance and makes multilateral involvement
essential. Because of its complexity and direct implications for the
economic performance of carriers, price regulation is administered at an
inter-company level but subject to the ultimate approval of individual
governments.

The rapid growth in air carpgo over the last decade has drawn more
attention to cargo traffic ripghts and their capacity conditions than
heretofore. Effective control is difficult, however, due to the existence
of supplemental traffic rights. National interest arpuments have made
maximum revenue or market share rather than maximum profit the operating
goal for most carriers and thereby given added incentive to the exploi-
tation of these rights. The./extent of such traffic cannot be accurately
assessed with present data but there are indications that it will be more
carefully monitored by national authorities in the future.

It is possible with such a development that the granting of cargo
traffic rights may become more restrictive and perhaps more integrated with
rate regulation. Whilst the IATA rate-setting machinery is multilateral
and requires unanimity it, nevertheless, seems to work more in favour of
those proposing to lower rates than the converse. Whether present rate
levels cover a particular carrier's cargo costs will depend very much on
the mix of passenger and all-cargo aircraft operated. This varies greatly
between routes and carriers and is frequently the cause of conflict in
determining the appropriate rate level. Carriers operating no all-cargo
aircraft tend to consider cargo traffic as purely marpinal and advocate to
price accordingly; those operating freighters must consider a fuller cost
allocation. In the future carriers in the latter category may well use
traffic rights and capacity criteria to bargain against the low marginal
rates proposed by carriers with passenger aircraft only. Such an attitude
will make it more difficult to break away from the relatively inefficient

"hub and spoke' network patterns.
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Chapter 3

An examination of the

advantapes of air caryro to the user
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3.1  Introduction

The purpose of this chapter is to identify those circumstances under
which companies can benefit from air transport and which, therefore, in-
fluence their choice of transport mode. The discussion is based on infor-
mation derived from interviews and contacts with Scandinavian companies
using air carpo, as well as from the findings of previous researchx)

While previous research has concentrated mainly‘on the advantages
of the high quality of transport service provided by air, the results of
this investipation indicate that the sipnificance of such qualities is con-
ditional to the existence of one or a number of certain conditions in the
shipping or receiving company.

The advantapes of air transport derive primarily from its speed.

Speed reduces time in transit, time waiting for pgoods, and the size of
safety stocks required during the time that replenishments are being shipped.
Advantages are also derived from the superior conditions of carriage by air
and the reduced costs and improved service this offers. Companies are ahle
to use air cargo advantageously when its speed or conditions of carriage
permit them to increase sales, reduce costs, or improve service resulting

in a net improvement in profits.

While a multitude of factors affect the operating decisions of any
company only a few such characteristics are of significance in the selection
of a means of transport. These characteristics relate particularly to pro-
curement and distribution and to certain production activities. Others may
be important in determining a company's competitive position or fimancial

success but are insignificant in the choice of transpert.

3.2 Characteristics influencing the choice of transport mode

In general the characteristics influencing the choice of transport

mode may be grouped under four main headings:

1. Characteristics of the commodities produced;

2. Characteristics of the market demand and supply;

i Characteristics of procurement and distribution practices; and
4, Characteristics of company expansion which can affect transport

and inventory parctices.

3.2:1 Characteristics of the commodities produced

Such characteristics fall into four main groups:

x) Footnote: Much of this chapter was prepared as part of 2 market
research project undertaken by the author cn behalf of and in con-
junction with Scandinavian Airlines System in 1970-71.
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(i) Length of useful life;
(a) Physical perishability;
(b) Style or technical obsolescence; and
(c) Date or time period limitations.
(ii) Value relative to weight;
(iii) Variety of size or style within commodity; and

(iv) Storage or handling requirements.

(1) Length of useful life

The useful life of a commeodity or product is that period of time
during which it can be used for its original, intended purpose, or held
or sold for such a purpose. The length of this period can influence the
choice of transport employed. If usable life is relatively short then
the time required for transport during the procurement or distribution
process may occupy a considerable part of the period during which a

product can be used or sold. If the commodity requires special care or

protection to maintain its usefulness, which is either difficult to perform

or adversely affected by the type of transport, the conditions of carriage

may also affect its useful life.

a) Physical perishability: Useful life may be limited because a

commodity is perishable; that is, it deteriorates physically so that
its usefulness diminishes or disappears over a period of time. In
some cases, the preservation of the usefulness of a perishable com-

modity may require special handling, such as feeding of livestock,

moisture or temperature control, or protection against bruising, etc.,

Fragile items, whose physical deterioration over time is not a con-
sideration, are subject to injury or damape while being transported
which may destroy their usefulness. Commoditiés susceptible to
spoilage or deterioration while being transported may have their
usefulness curtailed by the mode of transport or may entail special
expense during transport in order to avoid such developments. In
such cases, the conditions of carriape and the time required for
transport are generally important either in determining the time
available for sale or use or the cost of preserving or extending
the useful time period.

Some commodities which are not perishable under oridinary cli-
matic conditions do deteriorate under the extremes of temperature or
humidity sometimes experienced in international trade. In climates
with extremes of heat, cold, dryness, or humidity, commodities may

require humidity or temperature control or protection in storage
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which is not ordinarily required. These commodities, therefore,
would be considered perishable under such conditions, and their
useful lives chould be extended or the cost of protecting their
usefulness reduced by using faster transport to reduce local stocks
of such commodities.

With respect to perishable items whose deterioration is fairly
rapid, the time required for transport may substantially affect the
length of time that they can be offered for sale or use or the
geographic distance over which they can be marketed. In either
case, potential sales volume will be affected by the time required

for transport.

b) Style or technological obsolescence: In some cases, the useful-

ness of a commodity may disappear without physical impairment. This
happens with two proups of items: those affected by style and those
affected by technological obsolescence. The usefulness of such com-
modities is dependent on consumer demand for either the commodity
itself or for another commodity which includes its use in the pro-
duction process. Commodities which are subject to technological
obsolescence have their usefulness destroyed or diminished i1f demand
is displaced by the development of another commodity which is believed

to be better.

(c) Date or time period limitations: Some commodities must be used

within a speclfic period of time; or they are only useful up to a
specific date; or they are useful only if available by a specific
date. In some cases, this may be due to legal or contractual obli-
gations, to customer requirements which must be met to maintain a
competitive sales position, or to the appearance of competitive
products (like next week's magazine) which deétroy demand for a
commodity at or after a specific date. Transport time can be an
essential facter in such instances, and such time may affect not
only a portion of the useful life of the commodity but whether it

is offered for sale or use at all.

Value per unit weight

The intrinsic value of a commodity is important whenever the question

of investment is involved. Commodities in transport or in storage are not

productive, and investment in them returns no value to the owner. 1If the

commodities are relatively valuable, the investment cost during transport

or time in storage represents an important part of the cost of sale or use.
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Value per unit weight, however, does not appear to be as critical in
determining the ability of a cormodity to "absorb the costs of transpor-
tation" as once thought. MMore important it seems is whether the spread
between cost at point of origin and the selling price at destination

provides a sufficiently wide margin to cover what level of costs might

be involved.

(iii) Variety of size or style within cormodity

The problems of procurement and distribution are aggravated when the
commodities which a company uses or sells are offered in a wide variety of
shapes, sizes, colours, of other variations, or where a commodity group is
composed of a large number of different types of the same product or product
lines. Unless the demand for each particular size or style can be deter-
mined accurately, a large total inventory (and inventory storage and
servicing facilities) needs to be maintained to serve the unpredictable
demand.

If, in addition, the commodity has a high value, the investment
problems are also agpgravated. Even a medium priced item held in substantial
variety exposes a company to greater investment and ohsolescence risks and
more complex service and marketing problems than a high priced item available
in only one or a few styles. This investment in a varied commodity can be
reduced by shortening the transport time.

Variety in style may also aggravate supply or distribution problems
and contribute to the danger of shortage. A company which uses speed to
reduce time in transit for procurement purposes can reduce safety stocks
and re-order only those items for which there is a known demand. Sales
are thus serviced and the danger of being left with an unsold inventory
is lessened. Conversely, by using high-speed transport a company can reduce
the stock of any one variety or style to a narrow minimum without risking an
out-of-stock situation. A company is therefore able to carry a much wider
range of styles or varieties, and thus increase its probable sales volume,

with the same investment.

(iv) Storage or handlinp requirements

Some commodities require special servicing or protection in storage.
Perishable commodities may require refripgeration or temperature control;
valuable cormodities require protection against theft; some commodities
require special handling or servicing to preserve their value, etc. Such
storage and handling services and facilities add to the cost and invest-
ment required to hold the commodity in inventory. A company which can
use high-speed transport to reduce the volume of inventory will, of

course, reduce the costs of maintaining the inventory as weil. A reduc-
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tion in the time required to transport roods would also rer-it sore
companies to achieve econories of scale by centralizinp inventory and
relying on rapid transport rather than local warehouses to meet local

requirements.

32,2 Characteristics of the market demand and suprly

The predictability and urrency of demand or supply hppeqr to be
critical factors in the choice of transport mode. Their effects may be

classified as follows:

(i) Sshort-run predictability of demand or supply
(a) Beginning or terrination;
(b) GCeographic liritations and timine; and
(c) Distribution of demand between size and
style variations of product.
(ii) Seasonality of demand or supply;
(iii) Frequency of demznd;
(iv) Urgency of dermand or supply;
(a) Sensitivity of sales volurme to product availability;
(b) Availahility of premium-price markets;
(c) Dependence of production volume on availability of
parts or raterials;
(d)  “obility of production facilities; and
(e) Investment turnover and transport tire.

(v) VUnexpected demand or supply shortare.

(i) Short-run predictahilitv of derand or sunply

Companies vary widely in their abilitv to predict customer re-
quirements and their own needs for materials and supplies. These vari-
ations depend on demand and supply situations; on the markets in which
a company buys and sells; on the cormodities used or sold, or the use
to which such cormodities are put; and on the individual characteristics
of a company. Short-run variations in derand, such as daily or weekly
fluctuations, are particularly difficult to anticipate. Unpredictability
as to the time of occurrence or location of the short-run requirement may
necessitate stockinr corrodities in inventory. The size of such inven—
tories will depend in part on the transport time required for repienishment.
Whether unpredictabhility is due to style difference or to the inahility
of custorers to estimate their requirements, the maintenance of inven-—
tories entails substantial risks, and a saving in transport time may
affect the wvolurie of cales or inventory requirement. Tn either case,

the company is cencerned with the time the poods spend in transit, since
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rapid transport permits production and supply to adjust more closely to
demand .

(a) Bepinning or termination: The beginning or termination of a

demand or supply requirement, and hence its duration, may be diffi-
cult or impossible to predict with any depree of accuracy. Unpre-
dictability of demand for products may result in a company or its
customers not being able to accurately estimate the requirement for
supplies and materials. Holding commodities locally in inventory
makes it possible to respond quickly to demand or supply require-
ments; however, high-speed transport can be used to accomplish
such response without excessive, and perhaps unneeded, supplies

of stocks.

(b) Geographic limitations and timing: In some situations, the

demand for a commodity may first appear at one location and later
at others. The relative timing of the requirement at different lo-
cations may be difficult to estimate with any degree of accuracy.
If a substantial amount of time is required to transport the com-
modity to the point of sale or use when these points become known,
this may seriously limit the ability of the company to respond to

demand requirements.

(c) Distribution of demand between size and style variations of

product: Even where the total requirement for a commodity can be
estimated, a company may not be able to determine the requirement
for particular sizes or styles. This problem will, of course, be
aggravated if the commodity is bought or produced in a substantial
variety of sizes or styles. Again, fast transport makes it possible
to respond quickly to consumer preference, once d;clared, without
jeopardizing investment by establishing local inventories which may

not be used.

(ii) Seasonality of demand or supply

Seasonality may be due to weather conditions; it may be traditional,
occuring at a particular time each year, e.g. national holidays; or it
may be created by business custom e.p. the annual introductien of new
motor car rmodels. In order to achieve the best adjustment of production
to sales producers attempt to supply "in season". The time required to

transport products to the point of sale or use may, therefore, affect the
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total volure which can be marketed, particularly as noted above at the
bepinning or near the end of a season.

Some items havinr a seasonal dermand requirement can be held in stock
for sale the following year, although this entails hoth storare and invest-—
ment costs. Cormmodities subject to either physical or style perishability
cannot ordinarily be carried over without at least sore }npairnent in value.
This is especially important in the light of the substantial element of
style in all three types of seasonal demand and particularly sc for com-
modities e.p. clothinp, where for corpetitive reasons iﬁnovations must be

timed for the opening of a new season.

(iii) Frequencv of demand

For some products demand is occasional and infrequent bhut, neverthe-
less, urgent. The infrequency of the demand may make it difficult to
maintain adequate stocks at the point of use to satisfy demand when it
does arise. This will be particularly true if the commodity is of any
- significant value and if the geopraphic location or timing of the demand
is uncertain.

Many companies have solved this problem by maintaining central inven-
tories serving a wide geographic area from a sinple stock. Since the re-
quirement for a product may be critical when it does arise, the time for
transport from central inventory to the point of sale or use is important

both to the user and to the supplier.

(iv) Urpency of derand or supply

In considering the uryency of demand or supply and the consequent
importance of transport time, a company is concerned with the pressure to
have a cormodity at a given place at a given time to serve production or
sales. The degree of this concern will differ substantially between
companies and between individual situations affecting a given company,
and will depend on the individual circumstances of the market or pro-
duction situation. A particular company's willingness to use premium
means of transport such as air cargo to move a cornmodity faster depends
on whether it can realize sales or cost advantages which justify the

added expense.

(a) Sensitivity of sales volume to product availabilityv: 1In some

instances requirements cau be anticipated sufficiently to schedule
the movement of goods to the point of sale or use so that they will
be available when needed. In other situations, the need may be such

that considerable trznsport time (or even the tims rejuired to produce

the item) can be tolerated.
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Sensitivity of sales volume to the availability of a product
is most evident in a time-limited market, when the quantity which
can be used or sold may be sensitive to the supply available for
the duration of the demand. This is particularly true, for example,
with fad items, for which demand is extremely strong but of short
duration. If the period of demand is sufficiently uncertain the
time required for transport may be extremely critical. If goods
are not available during the duration of the demand, they may not
be sold; and if the time in transport is so long that the demand
has disappeared in the meantime, the goods not only cannot be sold,
but the transport costs may also be wasted.

Similar situations arise with respect to high-value, high-style
items where the local inventory is deliberately restricted to avoid
risks of inventory losses. A company's ability to pursue such
control policies without losing sales depends on the rapid response
to demand made possible by fast transport. Due to their novelty
there is frequently a high demand for new models or products during
the early period of their introduction. Until the demand is estab-
lished, however, there is no certainty as to whether the new products
will gain acceptance and, if so, what the scale and location of demand
will be. Fast transport permits a better coordination of supply to

demand during this introduction period.

(b) Availability of premium-price markets: As noted above the demand

for some commodities is so strong that, if scarcities arise, premium
prices are offered. While such situations may occur as the result of
catastrophies or other emergencies, they frequently arise in the normal
course of production and marketing. If an item suddenly becomes
popular, demand may far exceed expectations or supply provisioning,
thus creating a temporary premium-price situation. A supplier's
ability to profit from a premium-price situation depends on his putting
commodities on the market before the scarcity which created the situ-
ation is cured and the premium price disappears. This frequently
depends on transport tire. Where production time must also be con-

sidered, transport time takes on added importance.

(c) Dependence of production volume on availability of parts or

materials: The productien volume of a company, or that of its
customers, is dependent to a considerable extent on the availability
of supplies of materials and parts, Where production requirements

are uncertain or impredictable, or where limitations exist on the

supplies of needed parts or materials, it may be difficult to have
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cormodities available when and where they are needed. Where the
commodities can be held in inventory, this may make it possible

to smooth out production. However, if the requirement for pro-
duction is particularly difficult to predict, or if the limitations
on supply, investrment requirements, or other considerations make
the maintenance of adequate inventories expensive, then the utili-
zation of productive facilities may be decreased while waiting for
parts or materials to be made available. In such cases, any reduc-
tion in the time required for transport will increase company

productivity.

(d) Mobility of production facilities: Companies which perform

production functions at more than one location often find it neces-
sary to duplicate at least part of their investment equipment and
facilities at different production points. Some companies have found
it possible to reduce their total investment requirements by the use
of mobile facilities or equipment., Where scheduling the use of these
" facilities at various locations requires unproductive transport time
between points of use, the total investment in production facilities
may be reduced if a form of transport is used which minimizes the
unproductive transit time and the time thus saved can be used pro-

ductively.

(e) Investment turnover and transport time: The cost of investment

in commodities beinp transported is determined by the length of time

it takes and by the value of the commodities themselves. If there is
also a risk of loss in value, due to the demand diminishing before
they can be brought to the point of sale or use, reduction in transport
time will limit this risk. Stocks of commodities are also affected by
the time required to transport them; the level of safety stocks and
the quantitiy ordered at any time being dependent on the transport

time required. '

Investment costs are a factor of both time and value. While com-
modities are being transported to points of sale or use, they produce
nothing for shipper or consignee and the investment in them yields no
return. The unproductive time in transport is increased if production
or distribution facilities are substantially remote from market or
supply sources. When commodities are used soon after being received,
reducing unproductive transport time will speed up the flow of com-
modities through the production or distribution system, thus in-

creasing the rate of investment turnover which is most important where
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cormodities are valuable or the company is limited in its supply

of capital.

(v)  Unexpected demand or supply shortapes

In the course of most business activities, unexpected or emergency
requirements occur which are characterized by their irregularity, infrequency,
and nonpredictability. Such requirements constitute true emergencies and,
in these circumstances, the deficiency causing a demand or supply shortage
must be eliminated as rapidly as possible. The type of transport which will
relieve these shortapes in the quickest possible time will generally be the
most rewarding. These situations must be distinpuished from market and
supply situations containing elements of unpredictability (which may
characterize them as urpgent) but which are not true emergencies since they
are the product of normal business activity and can be expected i.e. planned
emergencies, even if not predicted accurately. Also, it should be recog-
nized that a situation may be an emerpency from the standpoint of a user but
not from the standpoint of a supplier, and that some emergencies result from
the fact that providing for all contingencies is economically unwarranted.

2 I [N Characteristics of procurement and distribution practices

The most important characteristics relate naturally to the transport
and inventory practices of a company. These may be grouped as follows:

(i) Transport practices;

(a) Control over selection of transport mode;

(b) Transit times;

(¢) Transport schedules and connections;

(d) Geographic dispersal and connections;

(e) Incidence of loss, damage or deterioration;

(f) Cost of protecting poods in transit;

(g) Control of goods in transit;

(h) Gross weipght as basis for assessment of import duties; and

(j) Shipment sizes relative to tariff weight breakpoints.

(ii) Inventory practices;
(a) Purpose and function of holding inventory;
(b) Location of inventory;
(c) Effect of inventory practices on facilities required; and

(d) Dependence on wholesalers to perform inventory function.

(i) Transport practiqgi

(a) Control over selection of transport mode: Reductions in the
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time commodities spend in transit and improvements in the conditions

of carriage are not always of equal benefit to shippers and consignees.
To have any real effect on the selection of transport mode such factors
must affect directly or indirectly the company which is in the position
to make this choice. Frequently, however, a company which does not
directly control the choice of transport may be in a position to in-
fluence it. Even when buying goods prepaid, for example, a consignee
can usually affect the choice since he ultimately pays the transport
cost either directly or indirectly. Any company, whether shipper or
consignee, willing to Qﬂsorb a difference in transport charges, or
willing to share the cost can also normally determine the mode to

be employed.

(b) Transit time: Where a company is concerned with the time com-
modities spend in transit, it is concerned with the total elapsed
time from shipper to consignee i.e. including time for packaging,
loading, unloading, and transfer in transit, and surface transport

to the port of departure. What constitutes a significant reduction
in transit time will depend on the individual circumstances of the
company situation involved. Sometimes a few hours are important and,
in some situations, air can achieve such time reductions. Ordinarily,
where a shipment involves any substantial time or distance, air

transport will substantially reduce the total time involved.

(¢) Transport schedules and connections: The availability of

schedules offering adequate capacity at desirable departure and
arrival times at desired points of origin or destination, and the
availability of direct service as opposed to connecting service,
affect the time advantape of one form of transport as opposed to

another and, therefore, the choice of transport means.

(d) Geographic dispersal of production and distribution facilities:

Companies with production or distribution facilities at a number of
locations are often more concerned with transport time than those
with such facilities at only one location. This is particularly true
if any of these locations are remote from either supply sources or
markets. Such a company will be concerned with transport time if it
moves cormodities between these points and, since it is both shipper
and consignee, is in a good position to judge the advantage of

reducing transit time and to contrcl the choice of transport means.

(e) TIncidence of loss, damape or deterioration: All means of
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transport involve certain risks to the commodities being moved, but
some commodities are more sensitive to such hazards. Also, some
forms of transport expose commodities to greater risks than others.
Where one mode of transport is characterized bv a high incidence of
such risks an alternative offering a higher quality of carriage such

as air carpo may permit their reduction or elimination.

(f) Costs of protectinp poods in transit: Companies seekine to

avoid the losses which result from the risks discussed above may
attempt to safeguard their shipments by special forms of packing.
For transport of lower quality of carriage than that offered by air
such packaging must be more adequate and consequently more expensive.
Perishable cormmodities subject to spillage and some commodities
such as drugs and biologicals may require temperature or moisture
control in transport. Air transport can reduce the need for and cost
of such control by reducing the time during which it is required.
Similarly, shipments requiring special service or handling in tramsit,
such as feeding, may not need such service, or need it for a shorter
time, if transport time is sufficiently reduced.
Companies frequently also protect themselves against the cost
of loss or damape in transit by insurance, the costs of which are
passed on directly or indirectly to the shippers or consignees. Forms
of transport which subject commodities to less risk permit lower insur-

ance cost by reducing the time over which it must be provided.

(g) Control of poods in transit: Expedition and coordination of

commodity movements present problems in control of shipments and
entail subsidiary costs for documentation. Companies shipping
internationally where both land and sea movements are involved
require the integration of different forms of transport; alter-
nate more direct forms of transport such as air cargo may permit

simpler manapement, tracing of shipments, and documentation.

(h) Gross weipht as the basis for import dutv assessment: In some

cases duties are assessed on a gross-weight basis. In international
movements where air carpgo services permit a reduction in the pack-
aging requirement, this may also reduce the gross weipght and hence

the duty for which the shipment is liable.

(j) Shipment size relative to tariff weipht breakpoints: Most

transport rate structures provide lower rates for larser shipments.
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The point at which the rate changes is called the weirht breakpoint,
These breaks occur at different points for different forms of
transport. Because of the typically smaller capacity of all=cargo
aircraft, rate breaks or quantity discounts are available for smaller
quantities in air transport than in repular rail, sea or truck rate
schedules. A company whose shipments are too small to take advantage
of surface rate breaks mav still be ahle to ship in lots larpe enourh
to take advantape of the air tariff. 1In some instances this permits
cormodities to be transported cheaper by air than by surface and, in

other cases, narrows the rate differential.

(ii) Inventory practices

Companies find it necessary to establish inventories to service pro-
duction or sales when requirements are difficult to predict on a day-to-day
basis and the users cannot wait for commodities to be transported. Where
cormodities can be made available at the time and place needed by use of
air transport such inventory can be reduced or eliminated.

The dependence of inventory levels on transport and the ahility of a
company to reduce or elirinate inventory by reducing transport time, with
corresponding savings in total procurement or distribution costs, have been
explored extensively in previous research ( 7 ) ( ﬁ ). There are various
costs associated with the inventory function, and companies seek to reduﬁe
or alter their inventory pra;tices to reduce or eliminate these costs.

Any function which ties up investment in poods and storage facilities
incurs costs. Uhere there is any substantial element of uncertainty in the
timing cor duration of demand this will affect the ultimate sale or usable life
of goods held in inventory,and entail risks which may result in costs. The

costs involved in holding goods in inventory include:

Investment in poods held in inventory. Cost of inventory in stocks

is the major cost of holding poods in inventory and is determined by
the value, volume and variety of cormodities which must be maintained
to service a given demand as well as the opportunity cost of such

investment.

Investment in storare facilities or the cost of renting such. The

ownership costs of storape facilities will be affected by the size
of the investment they represent and its opportunity cost. Also,
costs recognised in normal accounting, such as depreciation, mainte-
nance, licenses, insurance, taxes, and so forth, must be considered.

1f a facility is rented, the rental charge rather than the racility
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investment needs to be considered.

Cost of servicing and protecting inventory. Some types of goods in

storage require special protection or servicing, such as protection
apainst theft (if extremely valuable), refrigeration or humidity
control (if subject to spoilape), and, in some cases, periodic

servicing or similar handling (as for batteries or living things).

Losses due to obsolescence if inventory diminishes in sales value.

If a commodity is subject to physical perishability or deterioration,
changes in style, or technolopical obsolescence which displace it
with a more effective substitute, holding inventory entails some
degree of risk in that stocks may become unsaleable or may have to

be sold at a loss.

Costs resulting from inadequate inventory provision. Some companies

try to reduce investment cost in inventory or the risk of investment
loss due to obsolescence by holding the level of inventory down. If
this results in loss of sales or interruptions of production because
of being out of stock, such practice entails a definite cost which is
the result of this inventory policy and attributable to it. Similarly,
if extraordinary expenses are entailed in ordering in uneconomical
lots or at unecononical times, or through the use of premium transport
in order to avoid an out-of-stock situation, these costs are also
attributable to this inventory policy.

The ability of a company to reduce or avoid any of these costs
by using faster transport is dependent on its ability to reduce the
investment in inventory and storape facilities by reducing transit

time. This, in turn, depends on the purposes of inventory.

(a) Purposes and functions of inventory holding: Inventory in

maintained for a variety of purposes, some of which are not related
to or dependent on transport time. Companies produce for inventory,
when demand cannot be accurately anticipated, if holding the com-
modities permits production in lot sizes that are economical and
smooths the production flow. Other companies hold stocks of com-
modities in order to buy in economical lots or in anticipation of
price increases. In the latter case, companies may seek either to
avoid the consequences of price increases or to speculate on such
increases. Companies may also accumulate inventories to take ad-

vantage of quantity rate breaks in transport or, as the result of
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buying in excess of irmediate needs, in order to ship in economical
lot sizes. Reductions in transport time will not necessarily permit
reductions in inventory held for these reasons.

Inventories of cormodities which are maintained for the purpose
of having goods where and when they are needed, however, are related
to transport time. Because of these local stocks, the production or
sales function need not wait on the transport of a commodity, and
the size of the safety stock required while goods are being reordered
and transported is controlled by the length of the reorder cycle,
including the transport‘time involved. Where the function of having
commodities available when and where needed can be performed by
using air transport, reduction in transit time will permit a

reduction in inventory.

(b) Location of inventory: The location of inventory is determined,

in part, by the transport time required to move commodities to point
of use or sale and, in part, by the nature of the procurement or
distribution requirements and practices of the company involved. A
company may maintain an inventory of supplv items at the point of use
as well as central inventories of products at the factory. Some
companies maintain only central or regional warehouses to supply their
territories, while others maintain local warehouses as well.

The location of inventory and the purpose served by maintaining
it at each particular type of location have a very important bearing
on the importance of transport time and its ability to reduce costs of
carrying inventory. If the same total inventory investment is going
to be maintained, a reduction in transport time will not permit a re-
duction in inventory investment. Changes in inventory and transport
practice, however, will sometimes permit comparable service of the
market or production requirement with a smaller centralized total
inventory, and often will permit a reduction in total warehouse or

service costs.

(c) Effect of inventory practices on facilities required: Where

inventory practice includes the use of air transport to make com-
modities available where and when needed, such use may also make

it possible to reduce or completely eliminate inventory facilities
at particular locations. A company's ability to eliminate an inven-
tory facility by using hiph—speed transport for a particular com-

modity will depend on factors such as whether the facility must be



3.2.4.

._'74_

maintained for inventory of other cormodities, and, if this is the
case, whether the space released by the elirination of or reduction
in inventory of one cormodity can be used for other purposes, thus
reducing total warehousing costs. If the inventorv space is not
owned, reducing the facility's cost by releasing the rented space
may be more possible than if the space is owned.

In cases where substantial costs are involved in servicing or
protecting inventory, the reduction in inventory levels for com-
modities requiring such service may permit a reduction in such
costs even if the cost of facilities themselves cannot be reduced.

For some companies it has been possible to eliminate ware-
housing and servicing expenses at particular locations with a
consequent reduction in total warehousing and servicing expense
by centralizing inventory on a regional or a national basis. Even
if no reduction in total inventory occurs, savings can be achieved
in this manner. Any of these reductions in inventory facilities or
service costs will influence the choice of transport means when they
can be achieved by using a faster means of transport to give

comparable service.

(d) Dependence on wholesalers to perform inventory function: Some

companies depend in whole or in part on wholesalers to perform inven-
tory functions. In some cases, the cormissions charged for such
services are high. In other cases the terms of the agreement between
a company and its distributors may make a company directly or indi-
rectly responsible for the inventory; the company is then subject to
potential loss in sales or investment return just as much as if it
owvned the inventory. Where the organization of a company and its
procurement and distribution processes permit it to perform the
inventory function without a direct increase in total cost, it may

wish to by-pass wholesalers for such reasons..

Characteristics of company expansion which can affect transport

and inventory practices

A company's procurement, production, and distribution systems do not

remain static. If production, marketing, or procurement activities change,

these
condit

necess

changes may affect the characteristics of the company and create new
ions which, in turn, may affect the choice of transport. It is

ary, therefore, to consider these implications of expansion;

(i) The relationship of transport to the development of expansion

opportunities;
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(a) Effect of transport on availability of markets;
(b) Effect of transport on supply sources; and
(c) Effect of transport on the ability to utilize new
distant production locationms.
(ii) The relationship of sales or supply requirements at existing or
new locations to the development of expansion, opportunities;
(a) Expansion which could require increases in inventory; and
(b) Expansion which could require the establishment of inventories

at new locations.

(i) The relationship of transport to the developrment of expansion

opportunities
The time required to transport commodities affects any expansion oppor=-

tunity involvine more transport than that currently used.

(a) Effect of transport on aveilability of markets: The marketing of

some cormodities is extremely competitive and demands prompt service.
The time required for surface transport may limit a manufacturer's
ability to penetrate a particular distant market or make penetration
possible only by establishing a local inventory. If this is not
possible due to the expense or risk involved the market will continue
to be limited or unavailahle to the producer from present location
unless a faster means of transport is used. The use of high-speed
transport to eliminate local invenrtories will also permit a company

to test market without cormitment of inventory as well as to routinely

service the market with little or no local inventory.

(b) Effect of transport on supply sources: The utilization of a

company's productive facilities or the total amount of a product
which it can produce and sell may sometimes be limited by the
availability of local supplies and the time required to reach
other supply areas by surface transport. In some cases, supplies
from distant sources may be cheaper because of lower labour costs
or more ready access to raw materials, or they may be superior. If
transport time is considerable, however, the length of time that
cormodities are tied up in transit may necessitate investment costs
sufficient to offset the advantage of the cheaper or superior
material. Reduction in the transport time may make it possible

to use such sources economically.
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(e) Effect of transport on the ability to utilize new but distant

production locations: Some companies find it desirable to

change the location of all or part of their facilities to secure

more ready access to either a supplier or to markets or to cheaper
labour. 1If such locations are substantially distant from supply or
market sources, the use of surface transport, particularly sea
transport, may entail a length of time that can weaken the company's
competitive position and make the use of such locations uneconomical.
If the time commodities are in transit is kept to competitive propor-
tions by the use of higﬁ-speed transport, such location changes can

be economically possible.

(ii) The relationship of sales or supply requirements at existinp or new

locations to the development of expansion opportunities

Companies contemplating expansion, either in existing areas or in
areas not presently served, or contemplating the introduction of new products
must consider the effect of such pgrowth on inventory. In some situations,
the investment requirement for the expansion of inventories or the creation
of new inventory locations may limit the timing or scope of the expansion
or, perhaps, prevent it altogether. In establishing new market areas or
introducing new products, the company faces the added risk that its products
or service may not be accepted, thus making any inventory investment diffi-
cult and costly to liquidate. The costs of procurement or distribution

through wholesalers, or other intermediaries, may also prohibit expansion.

(a) Expansion which could require increases in inventory: For a

company considering an expansion which will result in increased inven-
tory requirements the main concern is often with alternatives which
would make this increase unnecessary. Companies who support their
production or sales efforts with supply or market inventories
frequently find that the expansion of sales will result in a re-
quirement for the expansion of inventories of products, and some-
times of supplies as well. If such growth is substantial, it may
exceed the available capacity of warehouse facilities and require

the establishment of new facilities. Where the inventory requires
any form of service or protection, additional expenses will_also be
involved. All of these requirements increase the investment neces-—
sary to support the expansion and increase the level of profits which
will be required to justify the expansion activity. If the expanded

production or sales effort can be served without increasing inventory,
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or with a smaller increase in inventory by using high-speed transport,
the investment requirement for expansion and, consequently, the profit

opportunity necessary to justify it will be less.

(b) Expansion which could require the establishment of inventories

at new locations: 'here a company has an opportunity to expand
its markets by penetrating new areas, it may find it necessary to
establish inventory facilities at the new locations. This will re-
quire an investment in the inventory and in the facilities. 1In ad-
dition to the normal risks of inventory investment, including the
risk of inventory obsolescence, the special risk of nonacceptance in
a2 new territory must be considered. If the transport time involved
for the new location is substantial, the inventory requirement may
also be substantial. All these factors add to the investment re-
quired to finance expansion and tend to limit the expansion oppor-
tunities. If using faster transport makes it unnecessary to establish
substantial inventories, expansion opportunities will be enhanced and

the risks reduced.

3.3. Summary and Conclusion

The above discussion attempts to show that the decision to employ one
or another transport mode is determined not only by the relative qualities
and costs of the modes in question but also by a wide range of company
characteristics. This complexity makes it difficult to generally evaluate
the influence of any single factor since this will vary over time and from
company situation to situation. It is, perhaps, such quantification problems
which explain why despite the time and effort spent by a large number of air
carriers, the "total distribution cost concept” has not been as extensively
adopted by companies as at first appeared likely. '

Another important reason for this lack of success is that to implement
the findings of a distribution cost analysis would in many cases require
revolutionary changes in a company's organization and operating structure
as well as its channels of procurement and distribution. Such changes
will generate opposition not only from those directly concerned with the
procurement and distribution functions but also on a much broader front
since they will conflict with established job and organizational relation-
ships.

Because of such resistance changes in transport means or in company
procurement or distribution practices have frequently been found to be more

matters of principle than of calculation. In a number of cases such changes
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had been long considered bhut were only instipated in the course of far
broader cormpany reorpanizations. The overriding influence of these exogenous
factors makes it seem very unlikely that relatively minor changes in rate

levels between transport rodes can be of much significance in determining

the volumes of traffic they carry.
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Chapter 4

An economic analysis of the demand for air cargo




4.1 Introduction

At present relatively little is known of the demand
characteristics of air cargo, or for that matter about the
demand for goods transportation in genereal (27) . The price
sensitivity of traffic volumes is fundamental to such an
understanding. The inteqtion of this and the next two chapters
is to examine some of these characteristics and in particular
to try to estimate the price and income elasticities of the
demand for air cargo. Some such estimates already exist, but it

will be argued most are unrealistically high.

For the airlines a clear understanding of demand
characteristics and especially price elasticity, is a
prerequisite of any attempt to optimise their role in the
overall spectrum of goods transport.

Government bodies, too, need more knowledge in this
respect. If, for instance, demand is found to be inelastic it
will tend to stabilise rates at a relatively high level and
encourage collusion between carriers to raise them higher. In
such a case the need for public supervision and control will
be greater than if demand were elastic. Under this condition,
where competitive rate—-setting is more likely, the regulatory
problem is simpler. In the short-run its main objective will
be to prevent rate cutting to below marginal cost levels, and
in the long-run to ensuring that revenues are sufficient to

cover average CcOSts.

4.2 The need for a methodology

Up to the present time relatively little has been done to
develop an adequate methodology for analysing the demand for
air cargo. This particularly striking compared to the AEundance
of material on passenger traffic. As was pointed out at the
M.I.T. Transportation Workshop:-

"The technique used to project cargo appear to be



much more primitive than those used for passenger
traffic. Perhaps the main reason for their crudity

is that until recently there has been no clearly stated
and empirically tested theory of demand for alternative
modes of transport." (28)

This deficiency has also been unintentionally highlighted
elsewhere. A recent ICAO publication on air traffic forecasting
(29)) for example, found only one model of air cargo traffic (30)

compared to eight relating to passenger traffic.

Some interesting attempts have been made recently to
approach the estimation of demand curves for goods transpert from
the viewpoint of microeconomic theory. Such procedures have
been received with considerable scepticism within the industry,
where it appears not unusual to feel that questions of demand
characteristics can be best analysed in terms of existing data
only, without reference to theory. This kind of "measurement
versus theory" argument is classical and likely to recur in

any applied research.

A well known contribution to this debate is Koopman's
article "Measurement without theory" (31) . Although referring
to the particular case of business cycles, his comments are also
of general relevance:-
"Fuller utilisation of the concepts and hypotheses
of economic theory....as a part of the processes of
observation and measurement promises to be a shorter
road, perhaps even the only possible road, to (the)

understanding (of business cycles).”"

There are two important counter-arguments here to the
pragmatist claims that microeconomic analysis is to "theoretical®
and fails to recognise the limitations imposed by data

availability. First, even if one starts out simply to observe
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and describe, the mere collection of data will perforce be
related to some theoretical preconceptions. Measurement without
theory is hardly possible, although the theoretical content
need not be explicit. Second, without a reliance on theory it
will be difficult, perhaps even impossible to relate findings

to policy-making in any.consistent manner.

Economic theory attempts to explain as well as predict.
The reasons for going beyond naive , non—explanafory statistical
forecasting techniques such as exponential smoothing, etc., to
models which have an economic behavioural content, as is done
in chapter 6 , lies in the assumption that only to the extent that
it is possible to identify the determinants of an economic
phenomenon can it be possible to reach conclusions relevant

to the policy decisions affecting that phenomenon.

There is a wide range of models that have been or could
have been applied in analysing goods transport demand. Most have
been adopted on a one-time basis.only due to the diversity and
frequent incompleteness of statistical information, something
which makes the use of any generalised model difficult (32) .
when faced with a particular problem the normal industry practice
seems to have been first to study what data is available and
then to apply whatever approach this makes practicable.
Such a "forced" choice will also eventually have to be made in this study
but it is of interest to consider what others might be adopted

if unconstrained by data availability.

4.3 The derived demand for transport

Cargo services have no utility independent of the goods
transported. In this sense they are analogous to factors of
production such as labour and capital, and a typical neoclassical
analysis would therefore treat their demand as being derived
from the goods which they help to produce. Marshall has shown

(33) that the elasticity of demand for such inputs is determined
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by:-

(a) the elasticity of substitution with other inputs
used in the production process,

(b) the elasticity of demand for the final product,

(c) the fraction of total costs accounted for by the
input in question, and

(d) the elasticity of supply of the other inputs used
in the production process, and through this the

elasticity of supply of the final product.

The elasticity of input demand will vary in the same
direction as these four factors: e.g. the smaller the
elasticity of demand for the final product and the smaller the
transport charges relative to the final price of the goods
shipped, the smaller will be the elasticity of demand for

transportation.

Whether transport is considered an essential input will
depend on market conditions for the final product. If the
local market is able to absorb the entire production at a
price sufficient to cover all costs, then the demand for
transport is likely to be considerably more elastic then when
“exports" are necessary due to saturation of the local market.
Usually transport is not a substitute for other factors of
production, although it could be considered to be so if

relocation of plant is a possibility.

Demand for a particular mode of transport will depend on
the possibility of substituting other modes for it. Air cargo,
for example, is a substitute in many situations for rail or
truck transport. As discussed in chapter 3, under certain
circumstances the nature of the goods being shipped is such
that no realistic substitute exists. This applies to many
highly perishabie products e.g. fresh-cut flowers, newspapers, fashionwear,
etc. In these cases, ceteris paribus, the demand for air transport would be

expected to be less cizztic than when alternative modes are more
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readily acceptable.

An expression for the elasticity of transport demand that
incorporates the last three of Marshall's four points has been
derived by Bennathan and Waters (34). Let demand for goods shipped
be:

Py = Py(X) ) /1/
where Pd is the demand price expressed in C.I.F, (cost, insurance
and freight) terms and X the quantity shipped. Similarly, let the
supply function be:

P_ = P_(X) /2/

where Ps is expressed in F.0.B. (free on board) terms. For
equilibrium then:
Py(X) = P_(X) + T /3/

where T is the transport charge. Differentiating /3/ with respect

to T gives:

de(x) dax ,dPs(X) dax
_— e —= ' — 4 1 /4/
‘ax daT dx dar )
which can be rewritten as:
de(x} dx dPs(x) dx
-t — = /5/
dax dT dx daT
or:
dXx de(x} dps(x} -1
— = - /6/
dT dXx dx
Let Etrans denote the elasticity of transportation. Then:
-1
dx T T Pd de(X) dP (X)
E o Y s ® 2l - S /7/
trans  4p x X Py ax ax
But since Pd = Ps +T
T |x 4P, (X) X ar_(x) |7t
Et ns i il : - ’ . /8/
ra
Pd Pd dXx (Ps + T) dx
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or

E
trans

"t /9/

/10/

where Ed is the demand elasticity for the goods shipped and Es the
elasticity of supply for the same goods.

But:
(P, -T) +T_ P
1+X=1+m0, -m =2 o M- ALl
Ps (Pd = T (Pd - T)
Therefore:
T 1 Lt
1+ = =(1 - £f) where £ = __ /12/
P Pa
Etrans can now be written as:
= -1-1
E B 1 1
trans = £ |__ _ () _ g — _ /13/
LEd EE_ Fa
~ E . E ]
= £ 5.9 /14/
Ei - (1 - f}Ed

where f = E; , i.e. the fraction of the final price which is spent
on transpogdation, and where E and Ed are supply and demand

elasticities for the goods shipped. E is the rate elasticity

trans
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of goods transport. If the limit of /14/ above is taken as the supply
elasticity approaches infinity it gives:

=f . E ’ /15/

Etrans d

By camparing /14/ and /15/ it can be seen that whenever Ed< 0

Es) O, the normal conditions in a competitive market, and E_ is

finite, E, ans Will be smaller than when Eg = CO,
E . E /14/
= = d 5 1 16 =) s
EsEd - (1 - f]Ed /15/

Therefore, if /15/ is used to estimate Etrans' the estimates

will be exaggerated when the supply elasticity is less than
infinite. It should be noted that the elasticity of demand for

transport will be negative whenever Es> 0 and Ed ( 05

4.4 The demand for air cargo as a derived demand
Summarising the above, demand has been shown to be determined

by:
{a) the demand for the goods shipped,
{b) the supply of the goods shipped,
{(c) the ratio o transport charges to final price of the goods,
and (d) the degree of substitution possible between transport

modes,
and is expected to be negative under normal competitive market
conditions. These results assume a constant state of technology between
the different modes of transport, stability in demand, supply and

income functions and no expectations or uncertainty.

Assuming that the elasticity of demand for the goods shipped
and the proportion of their final price represented by transport
charges are known, then the relationships established in /14/ and
/15/ provide a method for estimating the price elasticity of air

cargo. As less numerical information is available on the elasticity
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of supply than of demand, /15/ or Etrans = fEd will be used, where

f is the ratio of the transport charge over final price. It should be
noted that as stated above, this procedure will give a higher estimate
of Etrans in absolute terms than the true value.

As an example, a rough estimate of f can be derived for North
Atlantic traffic. The average value of U.S. imports by air from
Europe in 1971 was approximately $12,200 per tonne (35). This figure
refers to the market value in the exporting country and, therefore,
is in most cases less than the final price. For the same year the
-average rate per tonne-kilometer for Pan American Airways on that
route was 12.31 U.S. cents, a figure closely resembling the industry
average ( -~ see RAppendix III ). The average North
Atlantic flight distance is about 5,500 kilometers, giving an
average cargo charge per tonne of about $680. Adding this to the
value for imports raises it to $12,880. This is probably less than the
final market price in the United States since customs duties,
insurance, profits, etc., have not been taken into account, The
resulting ratio of transport charges to price is 0.053, This is
suprisingly low at first sight, but is clearly due to the extremely
high value of goods shipped by air. Case studies by ICAO (2) ) vyield

ratios ranging from 0.128 to 0.054,

As rates on the North Atlantic tend to be lower than on most
other routes, a conservative estimate of this ratio generally would
be nearer o.l,even though this may be a slight_exaggeration in the
case of especially high value trade flows e.g, South Africa to Europe,
It is interesting to note on this point that Kindleberger (36) has
estimated,in a quite different respect,that as a rule-of-thumb
the difference between export F.O0.B. and import C.I.F,

prices can be taken to be about 10 per cent for intercontinental

trade.

If the ratio of air transport charges to final preoduct price

is around 0.1, it follows from / 15/ that the demand elasticity of
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of the goods shipped would have to be at least -10 for air transport
demand to have unit elasticity. If the product price elasticity is

less then the demand for air transport can be expected to be inelastic.
This, however, ignores the possibility of substitution with other
modes. To consider the effects of this possibility it is first
necessary to establish what relationship there is between transport
price and transport quality on the one hand, and the level of goods
production cost and market price on the oéher. In many cases a
decrease in the former will result in an increase of the latter,

the influence on the level of demand for an individual transport

mode being determined by the ratio between these changes.

Demand elasticities have been estimated for a number of
commodity groups, particularly with reference to imports. Early
estimates of price elasticity in international trade frequently
found demand to be inelastic. By contrast, more recent studies have
concluded that such demand is elastic, particularly with reference
to finished manufactures. Orcutt (37) has shown that the earlier
estimates were biased, largely due to erroneous statistical techniques,
and that the demand for imports is indeed highly elastic. Ball and
Marwah (38) bbtained the following estimates of price elasticity

for imports into the United States:

crude material : 0.26
semi-manufactures -1,.38
finished products -3.,5

DeVries (39) arrived at similar results: 0.39 for crude materials,
-1.36 for semi-manufactures and -4.12 for finished manufactures.
Shinkai (40) has similarly estimated the price elasticities for
Japanese exports. His results are defined in terms of the two-digit

SITC code and range from a low of -0.77 to a high of -1.73.

As manufactured goods are far mcre important to air transport
than crude materials and semi-manufactured goods, the highest of the
above estiames, -4.12 will be adopted for this example, Assuming

that the air transport charges amount to 10 per cent of the final
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price, this yields a demand elasticity for air cargo of -0.412.
Even in such a case air transport charges would have to represent

at least 25 percent of final price before transport demand was of
unit elasticity.

Given the correctness of the import demand elasticity estimates,
analysis in terms of derived demand appears to strongly suggest
that the demand for air cargo is inelastic. A result which contrasts
starkly with the findings of earlier studies of the air cargo
market.

4.5 Previous studies of air cargo rate elasticity

Previous studies indicate that air cargo traffic volumes are
highly price elastic, at least with respect to decreases in rate
levels. The ICAO has summarised some of these findings (41) This
list, supplemented by results from subsequent studies, is presented
in Table 1.

For rate reductions of 10 per cent or less rate elasticity
is estimated to vary between -1.5 and -3.0, the higher figure
having been derived from research undertaken by aircraft
manufacturers (42) (43) The lower figure was reported by Sealy
and Herdson (44), and refers only to short- and medium-haul intra-
European traffic. ICAO's own assessment was in the range -2.0 to
-2.3. For rate reductions greater than 10 per cent elasticity was
found to be considerably greater than the figures quoted above,
estimates as high as -11.0 for a 50 per cent reduction in rates

were suggested by Boeing for example (42) .

Two kinds of evidence are frequently presented in support
of high elasticity estimations. First that the volume of goods
moving by the main types of surface transport increases rapidly
at rate levels lower than those of the current air cargo tariff. The figures
in Table 2, although somewhat dated, might nevertheless be

considered representative of a trend.



Table 1. A summary of previous estimations of the rate
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elasticity of air cargo demand

Study title, date and
description (in chrono-
logical order

Estimated air cargo rate elasticity

Per cent decrease in rate level:

Not
specified 10%

30%

50%

Short Bros. air cargo
study (1958)

Estimates for U.K.
overseas alir trade.
Based on traffic of
and above a given
value per weight

Boeing "Forecasts

of free world passen-
ger and cargo air
traffic (1958)

Based on estimates in
various markets

Sealy and Herdson "Air
freight and Anglo-Europe
trade" (1961)

Based on air and
suitable surface traffic

ICAO "Air freight study
(1962)

Based on trends in
total international
traffic

Bjorkman study (1965)

(a) intra-European
(b) intercontinental

Lockheed "Air cargo
growth study 1968-1986
(1970)

various market ectimates

-2.

-11.0




Table 2. Rate profile of U.S. domestic surface cargo market

Range of cargo rates Volume and percentage of road and rail
(U.S. cents per cargo being transported over 400 miles
ton-mile) in 1952 .

million ton-miles percent

over 18 . 1,227 2.7
16 to 18 . 393 0.7
14 " 16 888 1.9
32 a4 1,528 3.3
10 ™ 12 11,346 24.3
g8 ™" 10 11,172 23.9
6 " 8 20,174 43,2

- 46,728 100.0

Source: ICAO "Air freight, trends and developments in the world
air freight industry".

In this market, at this time, the average level of air cargo
rates made it competitive only in the demand range over 18 U.S. cents
per ton-mile. At this rate level air cargo accounted for approximately
500 million ton-miles, equal:to about a quarter of the total surface
traffic moving at that rate. It is clear from the percentage
distribution shown in the table that if air cargo rates were
reduced the traffic volume of the market in which air cargc
became competitive would have increased exponentionally. The
weakness of this reasoning lies, of course, in its assumption that

the rates of all other modes remain unchanged.

A second line of argument is frequently relates a to
the average value per weight factor discussed in chapter 2. In all
modes of transport the volume of low value-per-weight goods is
greater than that of high value items. As has been shown in section
4.4, most goods are unlikely to be transported by a particular
means unless its cost is reasonably low in comparison with
their value. Thus, if the relatively high level of air cafgo rates
was reduced, air transport would become practical for a larger
variety of goodsyas well as to more distant destinations. The

shortcoming of this kind of reasoning concerns the fact that it
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is the average value per consignment, not per camodity, which is tiie
significant parameter. The assumption that the latter reflects the
former is highly contentious.

It may also be of interest,by way of comparison)briefly

to look at some estimates of demand elasticity for other modes of
transport. Benishay and Whitaker (45) have estimated demand
elastcities for rail, motor and water transportationin the United
States over the period 1946 - 1961. The results are all considerably
lower than previously estimated for air transport, being:

rail -0.84

motor truck -1.87

water -0.26
However, only the figure for rail transport is statistically

significant.

4.6 Import tariff elasticities - an approach by analogy

Smithies (46) has stated that the imposition of a cargo rate _:
"precisely analogous to the imposition of an excise tax per unit
of commodity". Analysis of the influence of import duties on inter-
national trade is normally described in terms of simplegeometery (47)
the familiar result demonstrating that the effect of a given
import duty is dependent on the relative sloées of the demand and
supply functions of the commodity being taxed. A similar form of
analysis can perhaps be used to estimate the elasticity of the

demand for transport.

In connection with the import tarriff reductions that
followed the "Kennedy Round", several studies were undertaken
to evaluate the elasticity of trade with respect to import duites.
Following Smithies analogy some inferences can be drawn from these

studies that are relevant to the discussion in hand here. -

Before the Kennedy Round tariffs on manufactured goods ranged
from 17.1 per cent in Japan to 9.1 for EFTA (48), or somewhat

higher than the estimated proportion of final price represented



by air transport charges. The Kennedy Round led to cuts in the
tariff of 50 per cent. An estimate of the tariff elasticities,
defined here as the per cent change in trade volumé over the percent
change in tariff, should give an indication of what effect a

similar major reduction in the cargo rates might have.

Balassa and Kreinin (48) have estimated such elasticities for
various countries. Their results have been recomputed in Table 3
to give estimates of the tariff elasticity as just defined. It should
be pointed out that the Balassa and Kreinin estimates are not based
on actual observations, but have been derived from demand
elasticitiesin a similar fashion to that demonstrated for air cargo
in section 4.4. The estimates presented here are based on the
assumption that the entire tariff reduction accrues to the importer.
If the exporter decides to raise his prices somewhat subsequent to

a tariff reduction, the estimated tariff elasticities would be lower.

Table 3. Import tariff elasticities
Importing Industrial Manufactured Average tariffs
country material goods Industrialy Manufacturec
materials | goods
eP et EP et per cent
United States |-1.18 =-0.03 -3:07° -0.358 2.6 13.2
Canada -0.38 -0.006]-1.62 =-0.206 1.6 14.6
EEC =]1.71 =~03022 ] ~=2.6] =0:;284 1.3 122
U.K. -0.75 =-0.024 )| -2.71 -0.308 353 16:.5
Other EFTA -0.81 -0.008| -2.01 -0.168 1.0 9.1
Japan -0,45 -0,018 1] -2.53 ~0.37 4.2 11
ep = import elasticity
By = tariff elasticity as defined in text

The results in Table 3 yield extremely low values for the
tariff elasticities of industrial materials, and inelastic values for
manufactured goods, the estimated elasticities being in the range
-0.2 to -0.37. These results tend to confirm the suggestion made

in section 4.4 that the demand for air cargo will also be inelastic.
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4.7 Summary and conclusions

The main determinants of transport demand elasticity have
been identified for the static case. Existing evidence on air
cargo elasticity covers a wide range from highly elastic, in the
case of studies undertaken by the air transport industry, to highly
inelastic. The latter results, except for that obtained by Allen
and Moses (9),are based not on estimated demand functions, but
on inferences from microeconomic theory. On the balance of the
above, it appears reasonable to draw the preliminary conclusion
that demand for air cargo is inelastic, and that most existing
estimates are biased upwards. This conclusion refers to the
aggregate demand for air cargo, and it should not be suprising if
instances of high elasticity are found in certain markets or

commodity flows.
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Chapter 5

Some correlational estimations of the

elasticity of the demand for air cargo
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5.1 The basic demand equation

The customary procedure in most previous studies of the
rate elasticity of air cargo demand has been to set demand up

as a direct function of cargo rates alone,and to make regressional

estimates of the relationship between the;e two variables only.
As the demand for goods. transport is a derived demand, based

on the demand for the goods carried, it might be more correctly
_expressed if, as is conventional, an income variable were also

included:
xt = f(Pt, Yt)

where Xt refers to the demand for air cargo, Pt

rate and Yt to the income level in the market concerned.

to the cargo

Ruling out special cases such as inferior goods, it is generally

expected that Xt will be decreasing function of P_ and increasing

t
in respect of Yt.

Such a demand formula is static, however, in that it
includes no expectations or uncertainty, assumes transport
technology constant and the prices of competing modes unchanged.
These assumptions are rather drastic, and same will be removed later,
but since they are implicit in most earlier studies, it is of
interest to maintain them for the present to enable comparable

results to be obtained.

5.2 The identification problem in demand analysis

Single equation formulae are used for demand estimation
throughout this chapter. This requires some justification in
view of the familiar problem of identification in demand
analysis (49) i.e. can unbiased and consistent estimates of
demand and supply functions be obtained independently of each
other or must demand and supply curves be estimated

simultaneously?

There are numerous examples where the demand functiorn for

trahsport has been estimated by using a single least squares
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regression eguation. This is acceptable if the problem of
identification can be ignored. In most cases concerning public
transport this is the case since the level of prices and supply
are usually set exogenously by regulatory agencies. The volume

of traffic therefore being solely and independently determined by

demand.

A similar condition might also be argued to apply in respect
of international scheduled air services. As has been described
in chapter 3, price policy is established within IATA,and
therefore largely outside the control of any one individual
carrier,and the amount of capacity available determined by
.inter-governmental air traffic agreements. The exogenous nature
of this latter factor being particularly reinforced in the case
of cargo because of the generally by-product way in which it is treated. The
amount of cargo capacity offered has been, and on most routes still
is, incidental to the level of passenger capacity agreed. This
situation is changing however. With the growing significance
of all-cargo operations and the large cargo capacity of the
wide-bodied passenger aircraft, the provision of cargo capacity
is now becoming increasingly subject to separate intergovernmental

agreement.

While such justifications for ignoring the problem of
identification are attractive, there is a further condition which
must also be fulfilled.Such justifications only apply if the price set
by the requlatory agency is higher than the equilibrium price for the
industry. If set below, any attempt to estimate the effect on
traffic of a change in price will produce a supply not a demand

function. This is illustrated by the three situations shown

in FIG.1.

In Case 1 the regulated price in both periods 1 and 2,

p? and ng is set above the industry equilibrium price, PE, and
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the change in traffic volume recorded T, - Tys is a measure

of demand price elasticity.

In Case 2 the regulated price is set below the equilibrium
in both periods and, since demand exceeds supply, the change in

traffic volume recorded is a measure of supply price elasticity.

In Case 3 the regulated price is set above the equilibrium
in the first period and below in the second. The change in traffic
volume recorded is thus a combination of demand and supply price

elasticities.

A single equation model might therefore be considered
appropriate in the case of the air cargo market if the rate
structure established by the IATA Traffic Conferences can
be shown to be consistently above the equilibrium price level
for the industry.

There are strong grounds for believing this to be the
case in that, as described in chapter 1, the situation is one
of persistent and substantial over-capacity. In total the
supply of capacity appears to have been increased always in
anticipation of demand levels, with continuous excess capacity
as the result. In view of the consequent surplusjaggregate
supply might for all practical purpcoses therefore be considered
as, and as having been, perfectly elastic. Even though temporary
peaking problems may have arisen on certain routes or during certain-:
periods, the extensive possibilities for sixth-freedom re-routing
have enabled most such bottle-necks tobe by-passed. Under these
.conditions, unless demand is also perfectly elastic, which
it clearly is not, the supply and demand functions will be

inéependent.

Thus, while identification does not appear- to-be a problem ™
in this instance, certain other qualifications should be noted before
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proceeding with the analysis. First any elasticity formula of
this kind can only give a broad indication of the order of
traffic increases to be expected from any overall reduction in
rates. Because of the number and variety of rates applying in
any one market it is necessary to measure price changes by
changes in some average rate. In most large markets such an
average must represent a wide range of actual rate levels and,
consequently, it must be assumed that when the average rises
or falls the whole range of rates it represents also rises or
falls correspondingly. While this may be acceptable in the case
of across-the-board increases or decreases in the tariff, it
is unlikely to be very representative of situations in which
rates are being intrroduced or adjusted selectively.

Second, any formula that may be found suitable for
assessing increases in demand due to reductions in cargo rates
is not necessarily applicable in the reverse direction,i.e. for
assessing reductions in demand due to increases in cargo rates.
Such reductions (or failures to expand as much as expected)
might normally be anticipated when rate levels are raised,
but may be slower to take effect and may not be as large as
the increases in demand created by comparable rate reductions

>
since they receive less publicity than the latter.

5.3 Functional forms of expression for the demand equation

A demand equation in the general terms specified in
section 5.1 gives no indication a priori as to the best form
for its expression. It is necessary, therefore, to experiment
with different forms in order to find the most appropriate. The
forms examined here are those that have been commonly used in
demand studies (50) . There are r -as already noted,
certain a priori expectations as to the signs to be taken by
the independent variables. Assuming rational consumer behaviour,
the relationships between demand and income are expected to be

inverse and direct respectively. The choice of a equational
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form for this analysis will be based on the fulfillment of
these expectations and on the level of statitical qualification
achieved.

The following forms were tried as an experiment:

l. Linear: . xt = a + th + th
2y X H =

nverse xt a + b/Pt + c/Yt
3. Double-log: ].c:t_:,'xt = a+b chgPt + i 1oth
4. Semi-log: Xt = a+b lc:qPt + c loth
5. Log-inverse: 1logX, = a + b/I-"t + c/Yt

5.4 Data and variables

The data used here are extracted from published ICAO
statistics, in particular Series F (financial data) and Series
T (Traffic data) and are reproduced in Appendix III, .

Since no distinctiop is made in ICAO financial statistics
between revenue arising from international cargo traffic and
that from domestic, the initial estimates of demand elasticity
made here must, of necessity, also be in the same aggregate terms.
How representative such estimates are of the results that would
have been obtained using revenue data for international traffic

alone can only judged qualitatively.

Estimates relating to combined international and domestic
traffic might be expected to yield generally higher elasticity values than
for international traffic alone since the more ready availability of substitute
means of transport damestically will give the results an upward bias.
Some idea of the extent of this exaggeration can be gained
from the separate demand elasticity estimates made in section 4.10
for the United States domestic and North Atlantic markets.

The units of measurement used for the dependent variable

0
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are tonne-kilometers and the yield or revenue per tonne-
kilometer (in U.S. cents) as the independent price variable.
In addition, the United States Production Index ‘has been used
as a proxy variable for income. The justification for using
this index as an income variable is the heavy reliance of
air cargo on industrial products and, as has been shown in
chapter 1, the general predominance of the United States in

the air cargo market.

The data used in this estimates are annual only, and
limited to the post-war period. As a result the number of
observations is quite limited and only simple demand functions
have been possible if an acceptable number of degrees of
freedom was to be retained. The paucity of data, by econometric
standards, has led some writers to conclude that estimation
of air cargo demand elasticity is impossible by this means (51)
This seems unduly pessimistic. There are many examples of industry
studies where data probleﬁs have been equally serious,but where

demand functibns have successfully been derived (13)) (58),

5.5 Choice of demand equation

The equations referred to above were used to fit the ICAO
data for the years 1950-1971. Although observations are available
from 1945 they represent highly unusual circumstances, with
severe constraints on civilian traffic. For this reason they
were excluded. Data for the year 1949 was kept in reserve to
allow first differencing of the variables at a later stage. The

results derived are given in Table 1.

An undeflated price variable has also been used. Although
this violates the conventional assumption that demand should be
homogenous of degree zero with respect tc prices and income, it
might be of interest to include such a variable for purposes
of comparison,since it appears that the undeflated price may

have been used in some earlier studies.
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Table 1. The demand for air cargo onall scheduled services
of ICAO member carriers 1950 - 1971
Equation Dependent variable xt = million tonne—kilometers(TKM)
form
R2 D.W
RTKM DRTKM INDP S
: 2 CONe B.E. | D
1. Linear 12.88 = '78.23 -6,126 0.899210.44
(0.14) - (7.035) (1.914) 801.1 |19
2. Linear - 76.68 88.66 -8.768 0.9044(0.60
(1.026) (7.004) (2.861) 780.2 |19
3. Inverse| 225,100 - --165,800 +723,600 0.8391]0.59
(4.494) (1-036)1 (1:.793) H,;012 19
4. Inverse - 267,600 157,900 1088000 0.9066]|0.75
(6.964) (1.059) (3.469) F71.5 |19
5. Double-| -1.108 - 2.466 | -0.5033 0.9906(1.64
log. (4.541) (17.01) (0.36) 0.0839(19
6. Double- - -1.218 2.117 1.488 0.9921}1.64
10g. (5.345) (11+43) (0.957) 0.0766(19
7. Semi- -5,268 - 5,831 |-5,975 0.8272]0.34
log. (1.726) (2.968) (0.342) 1,049 |19
8. Semi- = -5,206 4,173 -425.5 0.825410.30
log. (1.659) (1.635) (0.02) 1,055 |19
9. Log- 43.67 - -205.2 7581 0.9849:1.17
inverse| (7.339) (12.23) (17.92) | 0.1061|19
10. Log- - 40.84 -167.4 735.4 0.9896§1.41
inverse (9.303) (9.828) (20.52) | 0.0882119
Where TEKM = cargo tonne-kilometers
RTKM = yield or average revenue per TKM (U.S.cents) current
DRTKM = RTKM deflated by U.S. wholesale price index
INDP = U.S. industrial production index
CONS = constant term
R2 = coefficient of determination
S.E. = standard error of estimate
D.W. = Durbin-Watson value
D.F. = degrees of freedom

t ratio

¢ )

Data source Appendix III,
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The main purpose of the estimations made in Table 1 is
to facilitate choice of the equation form most consistent
with observed data. Two general criteria are commonly used as
the basis for such a decision. First the equation should
yield a good fit to observed data. And second, the variations
or residuals of observed data around the regression line of
the equation should be randomly distributed. Other statistical
values demonstrating the acceptability and significance of
small samples, the standard error of the estimate and the "t"
test, have also been calculated here and are included in the
Table.

Goodness of fit can be evaluated from the coefficient
of determination i.e. the ratio of variation around the
observed data mean that is explained by the regression line
compared to the total variation around the mean, or by its
sguare root, the coefficient of correlation. The former is

used here and is shown in Table 1 by Rz. It is computed as:-

n
> est _ g ,2
2 . £ (X¢ X.)
= £ =
L

where XeSt

t
observed data and observed data mean.

is the regression point and Xt and it are the

The randomness of these observed data variations around
the regression line is commonly measured by the Durbin-Watson

value (53) , designated D.W. in Table 1 and computed as:-

t=1 t

where 2 is the vertical distance from the observed results

to the regression line. Exact critical values for D.W. cannot



be derived, but as a practical rule normally the values 1.6
and 2.4 are treated as critical limits. Values of less than 1.6
inficate positive autocorrelation and above 2.4‘negative

autocorrelation.

The presence of autocorrelation can be interpreted as
a warning that the equation form is misspecified, that a
variable is missing or that some adjustment process is taking
place and that,as a consequence,a dynamic approach is required.
FIG.2 gives some illustration of how a misspecified equation

may give rise to autocorrelation.

While the regression between Y and X results in a
fairly high correlation coefficient)there is a strong
autocorrelation with negative residuals tending to follow
negative residuals and positive residuals by positive. This
produces a low D.W. value. The problem illustrated is one
where a non-linear relationship has been estimated as a linear
function and demonstartes how a high degree of correlation
by itself is not an adequate criterion for choosing

a particular demand equation form.

When applying the combined criteria of acceptable D.W.
and goodness of fit values to the equations in Table 1 the
double logarithmic form (equations 5 and6) fares far better
than the others,with D.W. values of 1.64 and R2's of0.99.

The log-inverse form (equations 9 and 10) also does reasonably
well,but shows some signs of positive autocorrelation. The

. signs are correct for both price and income, and their .. .ic:c
coefficients highly significant.

Since what the signs of the independent variables should
be is known from economic theory, a one-tail "t" test is
appropriate. With 19 degrees of freedom this means that the
t-values should exceed 1.725 to be significant at the 5 per

cent level, and be greater than 2.528 to be significant at
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regression line

¥ = observed values

Fig, 2: Autocorrelation
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the one percent level. The log-inverse form gives somewhat
higher t-values for the price variable than does the double-log
form but this may partly be due to positive autocorrelation

which produces an upward bias in t-values.

One tentative conclusion that may be drawn from the
above estimate is that equations of the demand for air cargo,
at least when defined under static conditions as assumed here,
should be based on a logarithmic form of the dependent variable,
and possibly also of the independent variables. This is not
a very suprising result when it is recalled that, as shown
in chapter 2, air cargo has been growing at a rapid exponential
rate over the period in question, averaging something like

13.5 per cent per annum.

Besides yielding a better fit, the logarithmic form may
also have an added advantage over raw data in that it may
reduce the presence of ﬁeteroscedasticity. Ordinary least
squares estimation assumes a constant variance, i.e. the scale
of the disturbance terms around a regression line are assumed
independent of the value of the dependent variable. When
observing a service such as air cargo which has been growing
rapidly over time, this assumption becomes unrealistic. As
the numerical magnitude of the regression line grows with time
it is to be expected that so too will the absolute values
of - the deviations of actual observations from it. It may,
therefore, be more realistic to assume that the percentage
deviations over time will be closer to constant. The double-
logarithmic form tends to reduce these effects, transforming
the raw data into a more homoscedastic condition,and thereby

improving the statistical properties of the estimates.

5.6 Estimated price and income elastcities

The price and income elasticities of the double-logarithmic
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equations are simply the coefficients of the respective
variables. This assumes implicitly that elasticities are
constant over the entire length of the fitted aemand curve.
To see this the equations can be written as:-

£ = &P st
where A, b and ¢ are constants. The price elasticity is then

defined as:-

e, - dX _P7_ b-1 ;¢ B
aP " X - b.aA.P U [ X

Similarly, the income elasticity equals c.

For the log-inverse cases we get the following equation
forms when taking anti-logs:-—

X = A . e(b/P + ¢/I)
The price elasticity in this case being b/P and the income
elasticity c/I. The computed elasticities are shown in
Table 2:-

Table 2. The price and income elasticities of the demand_
for air cargo on all scheduled services of ICAO
member carriers 1950 - 1971

Equation Undeflated Deflated Income
form price (RTKM) | price (DRTKM) (INDP)
5. Double- b= i e = 2.47
log
6. Double- = =122 232
log
9. Log- -1.88 = 1.86
inverse
10. Log- = -1.82 1.51
inverse
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In general the results obtained are considerably below
those reported in the earlier industry studies noted in
chapter 4. They are nevertheless higher than expected from

the a priori reasoning of chapter4. These discrepancies
were investigated further.

An attempt was made to estimate price elasticities with
price as the only independent variable. The results, presented
in Table 3, are of interest since they closely resemble those
suggested in earlier studies and offer some explanation

of the different,comparatively lower estimates,being reported

?
here in Table 2.

Table 3. The priceelasticity of the demand for air cargo
on all scheduled services of ICAQO member carriers
1950 -1971 with price as the only independent

variable
Equation Dependent variable Xt = million tonne-kilometers
form - =2 ST
RTKM DRTKM CONS o
S.E. D.F
5. Double- -4.836 = 22.56 0.8547 0.74
log (11.46) (17:23% 0.3295 20
6. Double- - =300 19.08 0.9413 0.76
log (18.83) (31.14) 0.2094 20

For explanation of symbols see Table 1.

The coefficients of determination shown in the Table
are high,indicating an equally good fit to the data as that
of the same equation form specifiedin Table 2. The low D.W. values
strongly suggest, however, that the equation is misspecified
in some way despite the fact that that the signs are correct

and the t-ratios apparently highly satisfactory.

5.7 The influence of time

Whilst previous studies may have been at fault in relying
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on one explanatory variable only,it seems equally unrealistic
to argue here that the demand for air cargo is a function of
only price and income. An indeterminate number of factors
could be incorporated intc the demand equation. To maintain
sufficient degrees of freedom for the results to be
statistically significént, however, the number of factors
must be limited and only the most important included. The
rapid growth of air cargo traffic makes time a noteable

influence.

Air cargo is a fairly new means of goods transport.
New products are usually accepted slowly at first and
thereafter increasingly more readily as they become better
known. Some kind of similar "demonstration effect" may also
have been operative in the market demand for air cargo.
Moreover there have been substantial technological changes
in the nature of the services offered over the period of
-observation which may have also affected demand. Because
of such influences static models of demand frequently include
a time trend or "autonomous growth rate" as an estimate of
the growth in demand not accounted for by explicitly included
variables (54). This time trend ié an estimate of the rate
-at which demand would grow if prices and income remained
constant i.e. the partial correlation coefficient. From
an economic point of view such a catch-all variable is very
.unsatisfactory,but for planning purposes within the industry

it may be of some value.

As demonstration effects and technological change
are probably amongst the most important of its components,
the time trend can be expected to be positive. If this is
the case,then it seems likely that the influence of such
an autonomous growth factor will have helped to create the
general impression that air cargo is more price elastic

+han it actually is. It is clear from the data that the
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volume of air cargo traffic has grown as rates have fallen. Not

all this growth, however,should be attributed to the fall in
rate levels.

There are a number of simple models of technological
change where a time trend is included as a residual measure
of the growth in output ‘which cannot be directly attributed to
increases in factors of production (55). Such a technique
mightalso be adopted here. The effects of including a time

trend are shown in Table 4.

Table 4. The price and income elasticities and autonomous
growth rate of the demand for air cargo on all
scheduled services of ICAO member carriers 1950-1971

Equation| Dependent variable xt = million tonne-kilometers
form >
DRTEKM INDP TIME CONS R D.wW.
S.E.  pIch 4
Double- -1.109 1.010 0.535 5.541 p.99761¢ 1.07
log (B.777) (5.197) (6.696) (5.289)p.0018 | 18

The equation form used is:-

log X, = a + b logP, + C logIt + d TIME
where TIME is an integer 1,2...22.
For explanation of other symbols see Table 1.

The inclusion of a simple time trend leads to a small
reduction in the price elasticity, from -1.22 to -1.11, and
a drastic reduction in income elasticity, from 2.12 to 1.01.
The autonomous rate of growth is estimated at 5.35 ber cent

per annum.

Acceptance of these estimates also has some interesting
implications concerning the accuracy of previous industry

study results. For example, if cargo rates are reduced by

5 per cent then,ceteris paribus,this should result in a 5.55
per cent increase in traffic volume within one year. To this

must be added 5.35 per cent in autonomous traffic growth.
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Observing the level traffic nearly one year after a rate
reduction might, therefore, lead to the conclusion that air
cargo demand has a price elasticity of around -2.0. Conversely,
if rates are increased by 5 per cent at the beginning of a
year,the misleading conclusion might be drawn by estimations of
elasticity at the end of the year that demand is perfectly
inelastic.

Unfortunately the estimates in Table 4 are not very
satisfactory statistically. The D.W. value suggests auto-
correlation, a warning that the equation is probably -
misspecified in some way. Also, the great change in income
elasticity may indicate multicollinearity,i.e. correlation
within the set of explanatory variables. Before investigating

this any further one more estimation procedure will be tried.

5.8 First differences

A common estimating procedure when dealing with time
series is to use first differences. In the case of the
double-log equation this yields:-

1ogXt --.logxt_1 =a-a+b logPt - b logP

t-1

+ c J.ogIt - c logI, , + th = th_1

or AlogX, = bAlogPt + cblogIt + d

The constant term a is eliminated when taking first
differences and the new constant term d is the coefficient

of time from the original double-log function.

First differences can help reduce serial correlation,
yielding less biased t-ratios and thereby giving a more correct
picture of the significance of the results. It may also reduce
multicollinearity between independent variables. The first

differencing procedure has a disadvantage, however, in that
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correlations tend to be lower , so a reduced coefficient of
determination can be expected. Table 5 shows the first
difference estimates, as well as other previous results

for the purposes of comparison.

Table 5 The price and income elasticities of the demand for
air cargo on the scheduled services of ICAO member
airlines 1950 - 1971

Equation| Dependent variable Xt = million tonne-kilometers
form

2
_ R D.W. p
D
RTKM | INDP | TIME |CONS (—gf—tp=i: >
1.Dowble- | -1.218(2.117 - 1.488(0.9921 | 1.64| -
log (5.345](11. 43) (0.957)0.0766 | 19
2.Double-| -1.1101.010 |0.0535 |5.600[0.9978 | 1.00
log (8.909) (5.26) | (6.777)(5.387) |0.0415 | 18 =
35_1“;? -1.154{0.6188 - 0.085[0.5285| 1.30| -
- | (4.899) (2.398)] : (3.823)0.068 | 19
of logs

4.Double- |-1.061{0.955 |0.0571 [5.656 |0.9979 | 1.04 | 0.1648
log ** | (7.852)(5.036) |(6.933) |[(5.480)( 0.040 | 18 0.1653

5.First
diff. of
1@5**

-0.35810.568 = 0.098 |0.8922 | 1.67 | 0.5618
(3.988) (5.96) (5.872) |0.033 19 0.5625

** These equations are equations 2 and 3 re-run
using the Cochrane-Orcutt search procedure with first
order autoregressive scheme (56) .
For explanation of other symbols see Table 1.

When comparing the first three equations in Table 5. it
can be seen that all give roughly the same price elasticitY,
but that the first difference estimate gives rise to a further
reduction in income elasticity and an increase in the level
of autonomous growth,from 5.35 per cent per annum to 8.5 per
cent. As expected there is also a considerable reduction in

the t-ratios when using first differences, although all
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coefficients remain highly significant. The coefficient of

determination has also decreased as was expected.

As equations 2 and 3 both show signs of positive auto=-
correlation they were recalculated using the Cochrane-Orcutt
first order autocorrelation procedure (s5g), This procedure is based
on the assumption that the autoregressive scheme is of the
first order:-

z, =rz + e,
where z are the autocorrelated residuals, r a constant and e
a disturbance term. An estimate of r can be obtained from the
residuals of actual results from the regression lines of the
double-log with time and first difference equations. This
estimate can then be used to compute the transformed variables
(Xt - rXt_l), (Pt - rPt”l), etc., with which the regressions
can be recalculated. If the residuals from the regression lines
obtained using the transformed variables still show signs of
autocorrelation the procedure is repeated and a new estimate of
r obtained. This procedure continues until the éoefficient
of determination has been maximised. P and P2 in Table 5
represent the last two estimates of r that result from this

iterative process.

Equations 4 and 5 in Table 5 give the equation estimates
following the Cochrane-Orcutt adjustment process just described.
Equation 4 is not very different from equation 2, but in the
case of the first differences (equations 3 and 5) the change
in price and income coefficients is considerable and the
coefficient of determination has improved noteably, from 0.5285.
t0.0.8922. The price elasticity in equation 5 is =-0.36 and
the income elasticity 0.57. This equation also produces-the

highest autonomous growth rate, 9.8 per cent per annum.

The D.W. values of equations 1 and 5 indicate no serious
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autocorrelation. Unfortunately they yield very different estimates
of elasticity. The choice between them again brings up the

question of multicollinearity.

5.9 Multicollinearity

Multicollinearity can be said to exist if there is a
high degree of interdependence among a set of explanatory

variables,their correlation matrix approaching singularity.

"Attempts to apply regression techniques to highly
multicollinear independent variables generally
result in parameter estimates that are markedly
sensitive to changes in model specicification
and to sample coverage." This is due to the fact
that stability "would require not only the
perpetuation of a stable dependency between the
dependent and independent variables, but also
the perpetuation of a stable interdependency

between the sets of independent data." (57)

In this light the erratic jumps in the estimates of
income elasticity in Table 5 can perhaps be taken as an
-indication of multicollinearity between the independent variables

adopted here.

Farrar and Glauber (57) have developed a test for

multicollinearity which attempts :-

"to define multicollinearity in terms of departures
from a hypothesised statistical condition" and which
provides " a series of heirarchical measures - at
each of three levels of detail - for its presenée,

severity and location in a set of data." (57)

They define multicollinearity as a departure from

orthogonality in a set of independent variables i.e. the existence
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of some degree of interdependence between the sets of
explanatory variables.

"Such a definition has two advantages. Fifst, i i
distinguishes clearly between the problem's essential
nature - which consists of a lack of independence
among the explanatbry variables - and the symptoms
or effects on the dependency relationship that it
produces. Second, orthogonality lends itself easily
formulation as a statistical hypothesis and, as such,
leads directly to the development of test statistics,
adjusted for numbers of variables and observations,
against which the severity of departures can be
calibrated. -

BY transforming" the zero correlational matrix
between the sets of independent variables "into an
approximate Chi-square distribution with v = %n(n-1)
degrees of freedom, where n is the number of

- independent variabies, a meaningful scale is provided
against which departures from orthogonality, and
hence the gradient between singularity and orthogonality,

can be calibrated." (57)

This statistic is used as a measure of interdependence
between sets of independent variables. Where there are more
than two such variables, multiple correlations and associated
F-values are used to measure each explanatory variable's
dependence on each of the other members of the independent set
of variables,so as to permit location of the multicollinearity

problems.

Since two of the first three equations in Table 5 only

deal with two explanatory variables a Chi-square value as defined

by Farrar and Glauber will suffice as a test for multicollinearity.

The values found were as follows:-

N
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Equation form Chi-square Degrees of
value freedom

Double-log 47.05

Double-log with time 115.53

First diff. of logs 0.21 1

These results indicate that there is a severe departure
from orthogonality in the first two cases and, therefore, a
substantial degree of multicollinearity within those equations.
The last equation form does not show any significant deviation
from orthogonality however, and it might be concluded that
multicollinearity is not present in sufficient degree to disturb

the results obtained in this case.

It may also be of interest to examine the double-log
with time equation somewhat more closely as to the pattern

of interdependence. The F-values are:-

F (2, 19)
INDP (10g) s s ewisi 339.97
DRTKM (1log).sesaaean 88.23
PTMBEGceie ecnie susis o woneed33.48

These values are all highly significant, and suggest that

income and time are the primary sources of interdependence.

It has been argued earlier that due to the nature of the
+ demand for air cargo some kind of time trend has to be allowed
for. Yet, as these results indicate, to include time explicitly
leads to problems of multicollinearity and possibly arbitrary
estimations. On the basis of this it appears reasonable to
conclude that the first difference of logarithms constitutes

the most acceptable functional form for an aggregate demand
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equation. Further, it seems reasonable to attach more importance
to the results of equation 5 in Table 5 than to the others

because of its superior statistical characteristics.

5.10 Regional estimates

The previous estimates were all on a worldwide basis,
covering both international and domestic traffic. If such
estimates are to be of direct relevance)and use to rate-setting
decisions, however, they should relate specifically to the
market areas over which the rate regulatory agencies, principally
IATA and the Civil Aeronautics Board of the United States,
have jurisdiction and around which the machinery of this
-authority is organised. Ideally market specification should

be point-to-point, since this is the level at which the
individual rates composing the air cargo tariff must in practice
be determined. Unfortunately, as already noted, the data
necessary for estimates of this sort are not available. More
general estimates, but however still useful to a certain extent
can be made at intermediate levels of aggregation for which

data are available.

Such estimates have been made for four market areas:-
North Atlantic
Pacific
Latin America
Domestic United States
which together accounted for approximately two thirds of the

world total air cargo traffic in 1971/2.

5 edl The North Atlantic Market

Certain data are available for the North Atlantic;
- covering traffic between Europe and North America,including
Canada. IATA publishes annual statistics on the tonnage

of cargo moving by air over the North Atlantic routes, and makes
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available to its members - but does not permit publication of-
data on the average yield pPer cargo tonne-kilometer on the route
as a whole. The C.A.B. publishes data on the cargo yields of

the North Atlantic Division of PANAM. As this closely resembies
the overall industry yields for the route it has been adopted

as a proxy for that confidential data. Estimates employing
actual IATA data have been made in parallel with all of the
estimations shown below and no critical bias arising from use

of this proxy was found in any case.

As has been shown in chapter 2, the North Atlantic market
is one of the most important. In 1971 scheduled air cargo
on the North Atlantic (including Canadian traffic) amounted
to almost half a million tonnes. The average flight distance
for the route is approximately 5,500 kilometers. Combining
this data gives an estimate for North Atlantic traffic of around
2,800 million tonne-kilometers, equal to about one third of
the ICAO world total. ’

One a priori grounds one might expect the demand:for air
cargo on the North Atlantic to be somewhat less elastic than
the aggregate world-wide traffic.The main reason for believing this is
the absence of high-speed surface transportation, a situation

which reduces the possibilities for substitution for the shipper.

In fact, many products which are at present shipped by air

over the North Atlantic, particularly perishables and novelty

or fashion items, might not be shipped at all if air transport
was not available. A spectacular’but far from exceptional, example
of such trade are the regular shipments of lettuce and strawberries
from the West coast of the United States to Scandinavia during

the winter months.

The substantial difference in transit time between air and
surface transport also gives rise to the important savings on

on inventory and alike discussed in chapter 3. Similarly,
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products that are frequently provided on a rental basis, e.qg.
computers, copiers, printers, etc., can start earning an income
sooner if shipped by air. As a result of these influences

air cargo on long-haul routes like this may be of great economic
value to shippers,despite its apparently high level of rates
compared to surface transport.

The rates on the North Atlantic are at present lower than
for most other important market areas . Table 6 gives a summary
of the average yield per tonne-kilometer for various markets
and carriers. The remarkably low figure for Seaboard World
Airlines is due to its all-cargo operations and its deliberate

attempts at encouraging large volume traffic.

Table 6. Average yield per cargo tonne-kilometer (U.S. cents)
for major market areas 1968

North Atlantic
European |PAA N.A. Seaboard UsSe Intra- ICAO
carriers |Division Domestic | European Worldwide
31.0%%1 33.5'% 8.9 | 13.9® | 30.9(@ | 16.7()

Sources: (a) ICAO "Air Freight Europe-Mediterranean Region"
Circular 97-AT/18. Montreal, 1970. p.129

(b) Computed from various tables in CAB "Handbook of
Airline Statistics" 1970 edition, Washington 1971.

(c) ICAO "Financial data" Digest of Statistics, No.154
Series F-No.24 Montreal 1971. p.27.

The generally lower rates for the North Atlantic might
lead to the expectation that the rate elasticity will be lower,

ceteris paribus, in this market than in others where the rates

are higher. However, the basic equation forms that have been
found.most appropriate for this study - the double-logartithmic
form or variation thereof - yield constant elasticities
throughout the entire price range. The a priori argument for
lower price elasticities on the North Atlantic than for worldwide

ICAO traffic must therefore be based on the substitution argument

st



-121-

outlined above and explored in detail in chapter 2. In fact,
the subsequent results for United States domestic traffic
strongly suggest that the availability of substi‘tutes plays a far

more important role in determing the level of elasticity than
does the actual rate level.

Table 7 gives a summary of the results of the North

Atlantic estimates:-

Table 7. The price and income elasticities and autonomous
growth in the demand for air cargo on scheduled
North Atlantic services of IATA carriers 1950 -1971

—

Fquation Dependent variable Xt = Million tonne-miles
form 5 r——
DRTM INDP TIME CONS R D.W.. -
S.E. | D.F.
1. Double-| -1.5337 2.4926 = -2.627 | 0.9785 0.89
log (3.049) (3.685) (0.538) | 0.1593 16
2. Double-| -1.2764 |=-0.0305 0.1234 6.463 | 0.9987 1.24
log (6.724) (0.085) (9.973) (3.167) 0.059%96 17
3. giﬁt -1.3865 | -0-4019 “ 0.1226| 0.5324 1.86
of logs (4.712) (1.130) (4.593Y 0.0808 18

For explanation of symbols see Table 1.

The results in Table 7 clearly point out the problem of
multicollinearity associated with limited sample time series
. observations. The first regression yieldsan implausibly high
estimate of the income coefficient. The Farrar-Glauber test
produces a Chi-square value of 50.4 (one degree of freedom)
which is highly significant, confirming the presence of severe

multicollinearity.

It has previously been argued that a time trend should
be included because of the infant nature of the air cargo market
gives - rise to a strong autuonomous growth rate. When this is
done there is a drastic change in the estimated income elasticity

“which is now insignificant and takesthe wrong sign as well.
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The first differences of logarithms do not fare much

better as far as the income variable is concerned. However, in

this case the associated Chi-square value is as low as 2.227
which suggests there is no significant dependence left in the
set of explanatory variables. It would thus appear that for the
North Atlantic market, income is not an important determinant

of demand, On theoretical grounds this is not very
- convincing, and it may be more appropriate to leave this question
open till more data become available, something which may
facilitate a separation of the effect of income from the

autonomous growth rate.

The price elasticity appears to be somewhat above unity,
which is contrary to our a priori expectations and above the
aggregate ICAO results which ranged from -1.2 to 0.36. The
autonomous growth rate is found to be 12.26 per cent, based
on the first differences of logarithms, compared to a total
growth rate of 19.2 per cent. The latter-figure is. probably tdo high,
as it fails to separate the imiune effeect from that of autonamous growth.

For this particular market, some figures are available

. on the rates alternative modes of transport in the form of

dry cargo .indicies*. Such indicies can at best give only a

very approximate picture of the true rates, but an attempt

to use these data was considered worth while, although without
any expectations with regard to statistical significance. It
was hoped, however, that the sign would be correct and that some
insight might be gained as to the possible magnitude of the

cross-price elasticity. The results are shown in Yable 8.

Statistically, the results in Table 8 are somewhat
disappointing, but not without interest. Using the one-tail

test the air cargo rate and the autonomous growth rate are

* Liner indicies were unfortunately not available for the entire
period of observation. The index used is prepared by the Italian
Ministry qf the Merchant Marine, and has been extracted from
OECD "Maratime Transport" Paris. Annual.

i e
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Table 8. Cross-price elasticities for air and surface cargo
moving over the North Atlantic routes 1950 - 1971

Equation Dependent variable X, = million ton-miles
form L

DRTM DOR INDP TIME CONS SRE

ojo
Hi| =

1. Double- | -1.2711 | 0.0609 |-0.1722 0.1320 6.631 0.9969 | 1.22

log (6.623) | (0.831) | (0.431) (8.134) | (3.20) | 0.0602 | 14
2 gf;:? -1.2392 | 0.0990 |-0.5188 - 0.1377 | 0.5450 ] 1.84
of logs| (3933 | (1.201) | (1.411) (4.72) | 0.0797 | 15

Where DOR = deflated ocean rate index
For explanation of other symbols see Table 1.

highly significant, but the income variable still has the wrong
sign, and is not significantly different from zero. The
coefficient for ocean rates has the right sign but is
insignificant. However, this is not suprising given the
inadequacy of the data on ocean rates. In particular, these
data cover a widevariety of products that never move by air and
that probably never will. It appears that own price elasticity
shown in Table 8 may have been biased upwards as the implicit
assumption of constant prices for competing modes was violated.
Note, however, the very high autonomous growth rate. This means, - Z_.:
.in fact, thatwe have explained very little of what caused the rapid

growth on the North Atlantic.

Multicollinearity is strongly present in the case of the
. double-1log equation , but only to a moderate degree when
first differences of logarithms are used. The Chi-square value
is 7.49 (three degrees of freedom) in the latter case, which

is not statistically significant.

The above results, combined with a priori expectations,
suggest that the rate elasticity for air cargo on the North

Atlantic is possibly as high as -1.271. The cross-price
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elasticity between air and ocean cargo is probably very low,

the estimate obtained here being not significantly different
from zero. This suggest very little substitution takes place
between the two modes of transport. No conclusions could be
drawn with respect to income elasticity in this market, as
estimates had the wrong sign in most cases. In no case, however,

were the estimates significantly different from zero.

5.12 The Pacific and Latin American markets

The C.A.B. also publishes PANAM data for the Pacific
- (including Alaska) and Latin America route areas. These data
. were again used as a proxy for industry data. A similar analysis
- was undertaken to that made on the North Atlantic dati.

The results of this exercise are shown in Table 9. 1.

2 It is interesting to note that the price variables alone
produce quite good results. . A similar attem'pt was made
to use the income variable alone. The elasticities obtained were
around 0.3 but insignificant, and the corrected R2 was negative
both for the Pacific and Latin America. Hence it appears that
price is a major factor in these markets. It should be noted
that the autonomous growth rate is found to be 4.9 per cent
per annum for Latin America and 8.7 per cent for the Pacific
when the price variable alone is used. The actual growth rates
recorded inthese areas over the period of observation were 9.3
and 17.4 per cent per annum respectively. Thus,it appears that
about half the growth in these markets is accounted for by

reductions in rates.

The price elasticities obtained for Latin America and the

Pacific are higher than a priori expectations. It has been
assumed that the same lack of adequate substitute means of

. transport exists as does on the North Atlantic router and would

e
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Table 9. The price and income elasticities and autonomous
growth in the demand for air cargo on scheduled
Pacific and Latin American services of IATA
carriers 1950 - 1971
Equation Dependent variable xt = million tonne-kilometers
f
qrm R2 D.W
DRTKM INDP TIME CONS —
S.E. D.F.
Pacific Market
1. Double- | -1.586 0.5128 0.0855 5.363 0.9967 1:59
log (13.41) (1.345) (6.573) (2.804) 0.0586 15
2. Double- | -1.720 -0.4273 = 0.1032 0.5672 1.85
log (5.209) (0.9727) (3.259) 0.0998 16
3 gﬁi.t -1.609 - - 0.0870 0.5686 | 1.68
i - : . 7
of logs (5.200) (3.238) 0.0997 1
Latin American Market
1. Double- | -1.614 0.6557 0.0152 5.934 0.9738 1.27
log (4.808) (1.588) (0.7307) | (2.838) 0.0873 15
2. Double- | -1.296 -0.1700 = 0.055 0.4791 X7
log (4.399) (0.5039) (2.174) 0.0782 16
3ot | o125 s = 0.0483 | 0.4951 | 1.68
) (4.542) (2.294) 0.0765 17
of logs

For expanation of symbols see Table 1
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have similarly producedrelatively low price elasticities for Latin
Am3rica and the Pacific. One possible explanation of the
difference is suggested by the low autonomous growth rates. On
‘the North Atlantic, this rate was found to bearound 13 per cent
. per annum. The difference suggests that air cargo is far
» less developed on the international routes of the Western
Hemisphere than over the North Atlanticyand hence has not

created traffic exclusive o itself in “those markets.

If this is indeed the case, then it may be expected that
in the future the Latin American and Pacific markets for air
cargo will gradually come to resemble more the North Atlantic
market, and that price elasticities for these markets will
. then decline. Whether this happens , of course, depends

on the development of ocean transport, in particular the advent
of fast container ships. The introduction of such services

may contribute to increased substitutability between ocean

and air cargo over all major international trade routes,with

increased cross—-price elasticities as a result.

5.13 Domestic air cargo traffic in the United States

The domestic air cargo market in the United States is
far more developed than any other country's. This is due
to several factors which have been of direct benefit to this
form of transport. Geographical and demographical considerations
have played a large part, the great distances that exist between
. the major. population centres being especially suitable to the
efficient use of jet equipment. Equally important, of course,

has been the high level of income and industrial activity.

Another factor which may have played an important role
is that shippers in the United States appear to be more
sophisticated in their approach to physical distribution problems

than their counterparts elsewhere in the world Many large
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manufacturing companies in the United States have redesigned
their whole distribution systems in order to be able to use

air cargo to the optimum e.g. UNIVAC, Litton, Raytheon, etc.
Some shippers use air cargo exclusively for long-haul shipments,
and have come to rely on air transport in a way rarely found
elsewhere in the world. It is probably justified to say that
whereas air cargo is stiil an exceptional" mode of transport
in most countries, in the United Stateg it is a"regular" one.
As a conseguence greater substitution between air and other
modes of transport can be expected in this market than is found

on average overall.

Another indication of the maturity of this market is
the relative slowing down of its rate of growth - see Table
5 and FIG.l in chapter 1. In the light of these conditions
this market might be expected to be more price elastic than

the others discussed above.

The results of the demand elasticity estimations made for
the domestic United States air cargo market are shown in Table
10. Similar estimates have also been made for the total of U.S.
intercity goods transportation performed by common (public)
rail, truck and air carriers, and for traffic moving by air
express service. (Alr express consists primarily of small
shipments that move at a premium rate and have priority over

regular cargo traffic.)

The results for total intercity goods transport are
consistent with a priori expectations and it may be of interest
to compare them with those of Benishay and Whitaker's study
of goods transport demand within the United States over the

period 1946 - 1961 (46). The elasticity estimates in that study

were:—
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Table 10. The price and income elasticities of the demand
for inter-city goods transport in the United
States 1950 - 1971
Equation |Dependent variable xt = million toﬁ-miles
form 5
DRTM* | INDP TIME CONS R
S:Es D.F
Total cargo (rail - truck - air )
1. Pirst
Qiff. ~0.3762 0.8343 - -0.0098 0.9009 2.09
of logs (4.251) (9.145) (1.411) 0.0211 18
Air Cargo
2 gilf'?' -1.815 0.002 - 0.1409 0.5504 2.06
of logs 4.729) (0.004) (4.509) 0.1136 18
3. Double~ |-=1.433 0.7930 0.0897 5.381 0.9860 1.46
log (2.824) (1.395) (3.978) |(1.513) 0.0998 17
Air Express
4- st | o.116a | 1.329 - 0.0036 0.6018 | 2.62
- . & = .0626 18
ef ionn (0.517) (5.610) (0.204) _0
5. Double- 0.1269 1.367 0.0014 |-2.817 0.9846 2.00
log_ (0.7203)| (6.399) (0.1645) | (2.787) 0.0457 17

* In the case cf total cargo, the rate variable is a weighted index
of the deflated yields of the three modes in question.

explanation of other symbols see Table 1.
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Price elasticity Income elasticity
Ratl o575 sv s e mins -0.842 0.976
Inland water...-0.264 3 1.305
(not significant)
Truck. s v -1.873 0.342
(not significant) (not significant)

Benishay and Whitaker expressed suprise at the low
elasticity estimated for water transportation, but given the
discussions of derived demand in chapter 4, their result
seems quite reasonable)whereas the other two results seem on the
high side. As rail transport is the dominant mode in terms of
traffic volume, it is also perhaps the most relevant mode
against which to assess the estimates made here of air cargo
demand elasticity. In terms of income elasticity the estimates
-for rail and air are close, but in price elasticity there is a
wide discrepancy. The explanation for this is not immediately

apparent.

The results shown in'Table 10 become distinctly more puzzling when air
cargo and air express are considered. The usual equation form,
the first difference of logarithms, yields a relatively high
price elasticity coefficient for air cargo, -1.815, which
does not appear unreasonable considering the degree of inter-
modal competition in this market. More disturbing, however,
is the fact that income elasticity is found to be practically
zero and totally insignificant. The statistical test, including
the Farrar-Glauber test for multicollinearity, give little
or no indication as to what the reasons may be for this
unexpected result. It is worth noting, however, that the
constant term is highly significant. As this term represents
the autonomous growth rate in this instance, it was decided
to return to the double-logarithmic form with time as an
explicitly included variable. The results appear more plausible,

but are still far from satisfactory from a statistical point

of view. Demand remains price elastic, -1.433, and the estimate
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for income elasticity, 0.7930, has the right sign. The time
.variable shows as highly significant. As might be expected
there is substantial overall multicollinea}ity in this case,
as demonstrated by a Chi-square value of 81.9 for three

degrees of freedom.

The Farrar-Glauber test further reveals that the
existence of multicollinearity can be traced to the highly
significant correlations between time and income. An attempt also
was made (not shown in the Table) with a double-logarithmic
equation using only price and income as explanatory variables.
The resulting price elasticity was not much different from
the previous result, -1.967, but the income elasticity was
unrealistically high at 2.82. Although both elasticities were
found to be statistically significant, the results were rejected

as implausible. B

Thus, the situétion in the domestic U.S. air cargo
market aﬁpears analogous to that indicated by the results
for the North Atlantic. The price elasticity estimate remains
relatively stable over a limited range of wvalues but the
income elasticity estimate is extremely unstable.* It seems
reasonable therefore to limit any conclusions concerning
the numerical values to the price elasticity. As expected, air
cargo appears to be relatively price elastic in the domestic
U.S. market, the values ranging from -1.433 to -1.816, the
latter figure being more significant in the statistical
sense. These elasticity values are higher than those found

) .
in any other market area examined here.

When it comes to income elasticity or more correctly
the elasticity in respect to industrial production, the double
logarithmic form with time as an explanatory variable yields

the most plausible results, around 0.8. This is quite close
*Benishay and Whitaker (46) encountered tho same kind of

difficulties in the case of trucking price and income
elasticities.
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to the results obtained from the ICAO data, and only slightly
lower then the highly significant income elasticity coefficient,
0.8343, found for the total U.S. inter-city geods transport
demand. It had been expected that the elasticity for air cargo
would be somewhat higher than that for total cargo traffic,

but the results do not .apparently support this assumption.

Air express, as might be expected, presents a quite
different picture to that of air cargo. The estimates for
air express price elasticity that appear in Table 10 are
all positive, which suggest air express is an "inferior"
good in the economic sense of the term. Clearly it is not.
Air express might be more appropriately classified as a
"necessity". It is used primarily where speed is essential;
and usually where there is no practical alternative available.
This situation appears to have influenced the rate-setting
policies for air express, and it is interesting to note the
substantial difference in yield between air cargo and air express.
In the case of the former the yield declined from 29.03 U.S.
cents in 1950 to 19.97 U.S. cents in 1971 at current prices.
The corresponding figures for air express are 39.13 U.S. cents
36.33 U.S. cents. This difference can hardly be explained in
terms of cost difference alone, and the airline have apparently
assumed air express to be highly price inelastic and have not
adjusted rates in attempts to increase traffic.It might be argued
that the practically constant rates over the entire period of
observation make it difficult to measure the influence of
price. However, as deflated prices were used in the regression,
there was after all a reasonable change in rates, with a drop at
constant prices from 45.74 U.S. cents in 1950 to 33.42 U.S.

cents in 1971.

The estimates of price elasticity for air express given
in Table 10 are without exception not significantly different

from zero and it appears reasonable to conclude that the demand
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for air express is highly inelastic.

The income elasticity estimate also yields very different.
results in the case of air express compared to air cargo. The
estimated income elasticities are close to 1.3 in all cases and
highly significant statistically. Although previously termed
a necessity, and therefore unlikely to be as highly income
elastic as the resulting estimates fér air express imply, the
term and the estimates are amenable in one sense. The income

variable here is represented by the industrial

a proxy,
production index. As industrial production increases, it can
- be expected that the need for spare parts will rise even

faster. Such items are frequently moved by air express.

An attempt was also made to estimate the cross-price
elasticities between air cargo and trucking services, and
between air express and trucking Services. The resulting

estimates are shown in Table 11.

Table 11. The cross-price elasticities of air cargo and
air express to trucking in the United States
domestic inter-city goods transportation market
1950 - 1971

Equation| Dependent variable xt = million ton-miles

form Air Cargo

R2 D.W.
DRTM TRUCK INDP CONS S E. DT,
e Pirst [-2.235 |1.563  [0.3308 fo.1114 o0.657] 1.85
5. § .794 .764 0.099 17
of log (5.996)[(2.572) [0.794) (3 ) ﬂ
Air Express
- I 2
DERTM*  TRUCK DRTM INDP CONS 5 W
S.E. D.F

Zgglf_'t 0.6125 -0.7508| -0.3180) 0.8852 |0.0257] 0.6770 |2.76

of lég (1.998)] (2.059)] (1.153)] (3.125) § (i.401) 0.0564 |16

*DERTM = deflated air express rate per ton-mile

For explanation of other symbols see Table 1
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The reason for excluding rail is that railway traffic and
the corresponding rates and yields are greatly influenced by
bulk shipments of commodities such as coal and grain, which
for obvious reasons do not move by air. The cross-price elasticity
between air and trucking (see equation 1) is, however, significant.
The own price elasticity was found to increase from -1.8 to -2.2,
showing that own price elasticity as previously estimated was
biased downwards. The reason for this being that the deflated
truck rates showed an upward trend during the period of observation,
namely from 5.86 U.S. cents per ton-mile in 1950 to 6.38 U.S. cents
in 1970. The income elasticity has the right sign, but is
statistically insignificant. The autonomous growth rate has been

reduced from 14 per cent to 11 per cent per annum.

The results for air express in Table.ll (equation 2) are
at first suprising. The sign suggests that air express may be
complementary to truck and air cargo services, a finding which
is consistent with the grevious suggestion of air express as a
necessity,being based on emergency shipments. Such shipments would
be expected to be roughly proportional to the total air cargo and
truck traffic, rather than competitive with such traffic. The own
price elasticity is however still positive. The Farrar-Glauber
test values show that there is considerable multicollinearity
present (unlike equation 1) which may result in arbitrary estimates.
The results for air express should therefore be considered only

tentative.
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Chapter 6

A dynamic competitive model for estimating the

elasticity of demand for air cargo
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6.1 A dynamic competitive model

The demand model developed in chaptef 5, although
yielding significant and plausible results, has a basic weakness.
In all cases, it leaves a substantial amd highly significant
time trend or autonomous growth rate. Such a model is therefore
inadequate in fully explaining the development of air cargo
demand unless someway can be found to identify the phenamenon
underlying this time trend. The following is an attempt to
eliminate the time trend by developing a dynamic form of analysis,.
incorporating into the model a concept defining the competitive

relationship of air cargo to other forms of goods transport.

Balestra (Fn) in his study of demand for natural gas in the
United States has used a model which analyses the incremental
demand for energy rather than total demand. The rationale for this
is the assumption of a certain rigidity in existing demand. Users
of electricity, for instance, will not switch to gas right away
even if gas becomes considerably cheaperapérenergy unit, as their
existing investment in electrical appliances would entail a considerable -
cost in changing fram electricity to gas. Only when these appliances
are ready for replacement will electricity users consider alternative ~

forms of energy.

It is frequently argued that users of transportation may
similarly be reluctant to make frequent switches between different
modes. As has been shown in detail in chapter 2, the mode of
transport used is not independent of warehouse facilities,
inventory policies or information systems. Thus, it may reasonably
be expected that shippers also will review their choice of transport
only at considerable intervals of time. Hence, the market split
between competing modes at any particular point in time is not freely

determined by demand for and supply of transportation. Only when
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planning new distribution systems, or when planning changes in
existing systems can the principles of demand theory be expected

to be fully relevant.

New demand for the transport services of a particular mecde
is derived not only from the increase in goods traffic, but also
from the effects of changes in distribution systems. Some of the new
increase in traffic may not, in fact, be "free" with respect to the

choice of transport mode, since existing distribution systems may

have adequate capacity to take up this marginal demand. Nevertheless,

for the sake of simplicity, it is assumed here that any increase

in goods traffic is uncommitted as to mode.

Because of data limitations on competing modes, the
following analysis is limited to the United States domestic
market. The most directly competitive mode to air cargo in that
market is trucking, and the analysis will consequently be limited
to these two modes. The basic postulate underlying the following
is that competition takes place primarily over "new" or incremental

demand for transportation facing the two modes.

Let Ft be total demand for air cargo and trucking combined,
at time t. At any given time, the demand for Ft is determined by
the cost of transportation tc the shipper, income (expressed here

in terms of industrial production), population size, and other

factors. ppis relationship can be expressed as:- )
F, = £(P,, N, I.) /1/
where Pt = cargo rate deflated by wholesale price index,
Nt = population size, and
It = industrial production (index)

It is further assumed that this relationship can be

L3
il Ah
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adequately expressed as a linear equation. Also, if Ft satisfies
basic needs, it may be permissable to drop the price variable from
the equation. In this particular case, this appears quite reasonable,
as attempts to estimate the price elasticity ha%e yielded results
that are not significantly different from zero in the case of
trucking, and also for t;ucking and air cargo combined. The
estimates of the price elasticity for trucking and air cargo combined
made in the last chapter yielded a value of -0.06 with a t-value
of only 0.13. It seems justified therefore to drop the price
variable and to rewrite /1/ as:-

Ft = a, + ath + azlt /2/

The increment in demand between the two periods is:-

OF, =Fg =~ Fpy /3f

To get total new demand the amount of existing cargo which
is "released" during the previous year must be added to this i..e
cargo that, as a result qf changes in the distribution system,
becomes uncommited to mode. Let Wea
distribution systems in year (t-1). This stock may be partly

be the average "stock" of

physical, consisting of warehouse facilities, packaging equipment,
etc., but it may also cover a psychological commitment to a
particular form of distribution. In the latter sense, the stock
concept is analogous to Houthakker and Taylor's psychological
stock variable (50) asociated with certain non-durable consumer
goods, and where the stock variable essentially refers to habit
and habit formation. Habit formation or inertia appears to play a
considerable role in distribution (58) and the Houthakker-Taylor

formulation seems quite realistic in the case of modal choice.

If the stock variable is interpreted primarily as a
psychological commitment to a particular mode or to a given modal
mix, we may approximate this stock variable by the level of usage

of a mode at the beginning of time period:-
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Weel = Fey 14/
This stock will be depreciated over time, and it is assumed
that this takes place at a constant rate, r. Thus, at the end
of period t, what remains of the original stock will be:-
Wt =: {1 - r)wt_l = (1 - r)Ft_l /5/

Hence, at the end of period t, (1 - r)F represents the

t-1
amount of transportation demand that remains commited with respect

to mode. It follows that total new demand can be expressed as:-
* = - - -
Ft ZBFt + rFt_l Ft (1 r)Ft_1 /6/
By analogy, the new demand for air cargo, AF;, will be:-

* = = =
AFt AF (1 rA}AF

. /1/

=1
where T is the depreciation rate of the stock of air cargo(which
will include the desertion of air cargo by disenchanted air

transport users).

The increase in demand for air cargo will have to come from
F; rather than from the total market of air and truck cargo, as
a large portion ((1 = r)Ft_l) of that market is already committed
either to air transport or trucking. The demand egquation for

new air cargo can therefore be written as:-

AFE = b0 + blPAt + b2PTt + b3F§ /8/

where PA and PT refer to the deflated air and truck rates

respectively. Using /6/ and /7/,equation /8/ can be rewritten

_AFt = b0

bO + blPAt

+ b + b, P + b3(Ft-(1-r7F

lPAt 27 TE t=1

+ bZPTt + byF b3 (1-r)F -1 + {l-rA}AFt_

) + {1-rA}AFt-l /9/

1

Equation /9/ can be estimated by a two stage proecedure.

First the unknown Ft in /2/ is estimated:-
a

F, =

t /10/

0 + ath + azlt

""‘?‘ml.iﬂ;
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-

The estimated values, Ft, are then substituted for the

actual values of Ft in /9/ which for the purposes of estimation
can be rewritten as:-

AFt = by + blpAt + b2PTt + bIAEE + b4Ft-l + bSAPt_l ‘ /11/

where ZSEE'is the difference between the estimated values of F,
from /10/ and the actual F,_,- The reason for computing the first
difference this way is forecasting considerations. When forecasting
one would not know the actual values of Ft' whereas Ft~l would

be known. However, for purposes of comparison, the differencing

was also done for actual values. The resulting regression results
were far better when the first difference between estimated Ft's
and actual Ft_l's were used, than when both series were actual

values. The results of the estimations were as follows:-

First stage:

Ft = =-364900 + 3005Nt + lGO?It
(7.633) (7.375) (4.306)

R2 corrected: 0.9887; Std. error of estimate : 8320
D.W.: 1.65; Degrees of freedom: 17

Second stage:

AF, = -90.63 - 31.798P.. + 132.P__ + 0.0012 F

t  (0.558) (3.069)2t  (3.007f (1.840) ©
~0.00001F, . + 1.0903AF,
(0.457) 1  ‘(18.546)%t71

R2 corrected: 0.9965; Std. error of estimate: 26.36
D.W:2.08: Degrees of freedom 14

Own price elasticity: -1.23; Cross-price elasticity: 1.54

(Data sources - Appendix I11)

The numbers in parentheses are t-ratios. All signs are

correct,and all coefficients, except F are highly significant,

t-1’
as the one-tail test applies. The price elasticities have been

estimated from the arithmetic means of the dependent variable and
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the price variables.

Note that the coefficient of AF__, is .greater than one
(= 1.09). This implies a value of Lav the depreciation coefficient
associated with the stock of AF, equal to -0.09, i.e. a negative
rate of depreciation. The value 1.09 is well within less than
two standard deviations of 1.00, so a more reasonable

interpretation of the result is that the rate of depreciation

of the stock of air cargo commitment is not significantly different

from zero. This implies that air cargo users on the whole are not
likely to abandon the use of air cargo once they have started
using it. It is a fact, however, that some users do abandon air
cargo after a trial period. This may have been counterbalanced

by a "demonstration effect" that appears to play an important
role in the demand for any product that is relatively new in the
market. If this demonstration effect is strong enough, it may
outweigh the depreciation effect and the coefficient of AF

t-1
would then be larger than one.

Balestra got similar results in the case of demand for gas,
and accounted for the coefficient being larger than one (but
not significantly different fromzero ) by four possible reasons:-
(1) low depreciation where product is relatively new;
(2) when product is a superior good, replacement will
tend to be for the same product;
(3) demonstration effect counteracting the depreciation
effect; and '
(4) if the market grows fast enough the depreciation

rate may become quite small.

In the case of air cargo, all these factors can, be expected
to be at work to some extent. The value of the AFt_l coefficient

therefore appears reasonable.
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The coefficient of Ft is somewhat larger than the
coefficient (in absolute terms) of Ft—l and far more significant.
This supports the underlying assumption of this model that the
growth of air cargo depends more on the increase in total cargo
than on the actual level of total cargo.

In order to permit comparison between price elasticities over
time , the above equations were fitted for two different periods
of time, namely, 1950-1960 and 1961-1971. The resulting own
price elasticities are: -0.75 for the period 1950-1960 and -1.35
for the period 1961-1971, whereas the price elasticity for the
entire period 1950-1971 was -1.24. All figures refer to estimates
of /11/. Because of small sample sizes, the standard errors are
very large, and, as a result, the differences between the various
periods are not statistically significant. Thus, there is only
tentative evidence that demand for air cargo has become more
elastic over time. On intuitive grounds, such a conclusion
appears reasonable, however. During the 1950-1960 period air
carge was much more limited in scope. It did not have its present
ability to handle large consignments, and was primarily used as
an emergency measure. Today it is far more common to see air cargo
used on a regular basis. It is therefore likely that shippers
have become more responsive to changes in air cargo rates during
recent years. At the same time, surface transportation has been
substantially improved over the period of observation, thereby
increasing the options available to the shipper. It therefore
appears that demand for air cargo may have become more elastic

over time due to increased substitutability between various modes.

The depreciation rate for air cargo was found to be close to
zero. It may be of interest to evaluate the depreciation rate for €
the total market for cargo, asthis is of importance to the potential
market for air cargo. The greater this rate of depreciation,
the larger will be the portion of the total cargo market that is

uncommitted to mode of transport in any one year. In order to
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do this /9/ above can be rewritten substituting /2/ for F

. -
H

t

AF, = b

t ot?b

1%at * BaPpy + By (N=(1-1IN, ;) /12/

+b, (I,-(1-r)I, _;) +b

5

AFt_l

We can estimate r, by varying r between 0.00 and 1.00,
and then choose the vélue of r which maximises the F-statistic
associated with Rz{which is the same as maximising RZ) We
define two new variables:-

* = - -
NE = N, (1

*= - —
It It (1

and compute these for varying values of r. We then estimate

*INy )

Lol

/12/ after substituting N; and IE for the terms in the

parentheses in that equation. The results are shown in Table 1.

Table 1: Estimation of mode cheocice "depreciation" in the domestic /

United States air and truck cargo market 1950-1971

R2 D.W.
Pat Py Ng I Weq T | F(s5,14) D.F.
-24.65 132.10 -9.79 3.17 1.09 0.15 0.9967 1.55
(2.289) (3.093) (-1.72) (2.5) | (22.44) - |1152.485 14
-24.36 133.56 -8.91 3.27 1.09 0.20 0.9967 1.54
(2.264) (3.141) (1.926) (2.519)| (22.02) - |1162.487 14
- 24.32 133.73 -8.74 3.29 1.09 0.21 0.9967 1.54
(2.259) (3.146) (1.957) (2.518)] (22.943) - |1162.891 14
-24.28 133.88 -8.57 3.30 1.09 0.22 0.9967 1.53
(2.254) (3.15) (1.986) (2.156)| (21.867) - |1162.718 14
-24.19 134.19 -8.12 3.34 1.09 0.25 0.9967 1.52
(2.239) (3.154) (2.06) (2.06) | (21.639) - |1160.063 14

where r = rate of depreciation of air cargo
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Although r was permitted to vary for the entire range 0.00 to 1.00
results are shown for five values of r only to save space. The
maximimum value of r was found to be 0.21. This implies that on
average, physical distribution systems are changed or reviewed
about every four years. This relatively high depreciation rate
does not seem unrealistic, as we are largely dealing with a

psychological stock or cammittment to particular modes.

The results shown in Table 1 suggest that air cargo should
have a large potential market not only in terms of the overall
increase of demand for cargo but also by being able to attract

business which is presently going by truck.

6.2 Summary and conclusions

In summary, it may be concluded that the dynamic
competitive model appears well suited to explain the demand
for air cargo in the United States, and that it generally confirms
the results of the static model, but also that it provides
insights that go beyond those of the static model. The time
variable used in the latter has been eliminated. Instead,
demand for air cargo is explained in terms of competition for

incremental demand. Demand for total air cargo is found to

be somewhat less elastic than was the case for the static model.
In the light of the results from the dynamic model, the time trend
in the static model may, in the case of the domestic market for
air cargo in the United States, represent an outward shift of the
demand curve due to the continuing increase in demand for total

transportation and to a strong demonstration effect.
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Table (i): United States exvorts to OECD Furope by air - 1970
(Cormodities involving 1,000 tonnes or more)
RALIK EE?C DESCRIPTION TOIES o
= AR €TA | AIR
1. [71k.6 | 0ffice rachines n.e.s. 15.348 5.1Lk6 75
2. |T1k.2 | Electronic computers 7.028 2.531 Th
3. |891.2 | Phonographic records and other sound media 6.185 6.408 Lo
b, |734.9 | Aircraft parts and accessories 5.786 2,86k 67
5. |732.8 | Motorvehicle & tractor parts & accessories 5.378 96.935 5
6. |719.9 | Machinery parts and accessories 5.117 22.227 19
T. [729.3 | Zlectronic tubes L.962 9.Ls5k 3k
8. |B61.9 | Yeasuring, Control, etc. instruments L. Lé3 L.233 51
9. [729.5 | Electrical measuring & controlling apparatus U.L02 2.171 67
10. |719.2 | Pumps and centrifuges 3.867 32.509 11
11. |724.9 | Telecomrunications equipment n.e.s. 3.7L43 L.500 s
12. |722.2 | Electrical apparatus for making etc.,
electrical circuits 3.720 3.95k L8
13. [678.5 | Iron and steel tube and pipe fittings 3.685 5.338 ]
1L, |892.9 | Printed matter n.e.s. 3.561 2.965 55
15. |719.8 | Machinery and mechanical appliances n.e.s. 2.913 15.100 16
16. |711.5 | Internal combustion engines excl. aircraft 2.816 80.183 3
17. |729.9 | Electrical machinery & apparatus n.e.s. 2.792 66.378 L
18. {719.3 |!lechanical handling equipment 2.431 83.301 3
19. |512.0 | Organic chemicals 2.377 | 2.399.096 -
20. {719.5 | Powered tools n.e.s. 2.306 11.562 17
21. |722.1 | Electrical power machinery and parts 2.16L 8.7h47 20
22. |718.4 | Construction and mining machinery 2.117 62.962 3
23. |653.7 | Knitted or crocheted fabric 2.101 1.076 66
2L, | 861.6 | Photographic equipment 1.988 4.682 30
25, |711.k | Aircraft engines 1.98L 1.199 62
26. |719.1 | Eeating and ccoling machinery 1.913 40.277 5
27. |719.6 | llon-electrical machines n.e.s. 1.903 10.289 16
28, |581.2 | Polymer and copolymer materials 1.860 223,11k -
29. [581.1 | Polymer and copolymer products 1,731 103.656 1
30. [893.0 | Plastic articles n.e.s. 1.721 9.981 17
31. {05L4.5 | Presh vepetables n.e.s. 1.53L 21.6L48 7
32. |[717.1 | Textile machinery 1.520 19.400 7
33. |051.9 | Fresh fruits n.e.s. 1.L86 653 £
34, |653.5 | Woven fabric of non-cellulosic fibre 1.439 4,035 ‘
35. |899.6 | Orthopaedic appliances, articles, etc. 1.b16 Sk ¢
36. |B862.4 | Photographic film and plates 1.380 10.1Ch i
37. |662.3 | Bricks and other refractory construction
materials 1.316 92.216
38. [861.7 |Medical instruments 1.308 1.611 ]
39, [6L42.9 | Art peper 1.281 11.282
4o, |66L.T | Safety glass 1.277 3.545
41, |655.4 | Coated or impregneted textiles 1.231 5.2L5
L2. |718.2 | Printing and bookbinding machinery 1.194 4.9k
43. |891.1 | Tape recorders, record players, etc. 1.145 3.662
LY, |684.2 | Aluminium and aluminium alloys 1.069 31.h448
45, |695.2 |Tools n.e.s. 1.0L8 - 7.710
L46. 1698.9 | Articles of base metal n.e.s. 1.0Lk 7.582
TOTAL 133.050 | L.548.506
GRAND TCTAL OF EXPORTS TO EUROPE 210.728 76.346.000




Table (ii):

oo T
OECD Eurove exports to the United States by air - 1970

(Commodities involving 1,000 tonnes or more)

RANK |SITC  |DESCRIPTION i
CODE TOMNNES %
1. |851.0 |Footwear — oo =
2. [841.4 |[Clothing, accessories, etc. knitted or By 09,811 2
3 o ‘T‘CI‘OChEtEd 6 Bh‘r 3,725 65
. . Textile machi 5 :
4, |651.0 |Yarn and thrlzzry 51230 ol o
5. |841.1 [Clothing of woven textiles e Salls .
6. |653.7 |Xnitted or crocheted fabric s e
T. |725.0 |Electrical household equipment - 2ol ot B
8. |732.8 |Motor vehicle and tractor parts n s dhans 2
9. |831.0 |Travel goods, handbars, etc s i 152 :
10. {711.5 |Internal combustion én;ines-excluding Rt 3058 &
aircraft ’
11. [71k.9 Office machines n.e.s. 3,002 e 2
12. |893.1 |Rubber and plastic manufactures e e 32
13. |714.2 |Calculating and adding machines o S 4
14, | 724.9 |Telecormmunications eaﬁinment n.e.s §,3Ti 2o e
15. | 719.8 Machinery and mechan{cai aDpli;néeé = Padil =
16. | 892.9 |Printed matter n.e.s i g i !
17. |695.2 |Tools n.e.s. ) g0 (e -
18. |719.2 |[Pumps, centrifures, etc. 1,328 s :
19. | 719.9 |[lachinery parts'and accessories n.e.s it i -
20. | 861.2 |Spectacles and frames B 1,T5é s .
21. | 653.5 |Woven fabric of non-cellulosic fibre 1'20 il ol
22. [722.1 |[Electric power machinery 1’532 1 &
23. {892.1 |Maps, charts, becks, pamphlets, etc 1’ i :
2k |841.3 |[Clothing and accessories of leather 1'352 e :
25. | 891.1 |Tape recorders, record players, etc. l’hhT 6 5 %
26. |729.5 |Electrical measuring and contr;lling ’ N °
avparatus n.e.s.
27. | 719.5 Powered tools n.e.s. i’hgi Lo 2
28, | 652.2 |Cotton fabrics n.e.s. l'g 2 g :
29. | 655.4 |Coated or impregnated textiles 1,235 lg,ETg ;
30. | 722.3 |Electrical zpparatus for making, etc., ’ = 1
electrical circuits
31. | 89k.4 |[Fishing, hunting, sports equipment etc i’iéﬁ 17,122
32. |512.0 |Organic chemicals . 1,138 6 3,5 :
33. [ 862.4 |[Photorraphic film and plates 1,131 i ,272
34, |861.9 |i‘easuring, control, etc. instruments n.e.s 1’079 g’ 2
35. | 611.3 |Leather — calf S 1,058 E,E;g
36. | 653.6 |Voven fabrics of manmade fibre n.e.s 1,9 3 ; 6
37. | €11.9 Lezther n.e.s. T 1,028 3’232
£ ] sl
TOTAL 106,919 | 1.573,718
GRAND TOTAL OF EXPORTS TO UNITED STATES 375,372 28.20h,002 0.
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United States potential air exports to Furope ~ 1970

(Commodities involving 1,000 tonnes or more air experts presently)

SITC POTENTIAL TONNES
RANK |CODE DESCRIPTION METHOD A METHOD B
1. |512.0 | Organiec chemicals 11,174 -
2. 1729.9 | Electrical machinery n.e.s. 10,695 1,995
3. |051.9 | Fresh fruits n.e.s. 5,16k 2,943
L. |581.2 | Polyrer and copolymer materials 4,630 1,011
5. 1862.4 | Photographic film and plates 3,796 1,728
6. |719.9 | Machinery parts and eccessories 3,429 236
T. |66L.T | Safety glass 3,427 1,591
8. |678.5 | Iron and steel tube and pipe fittings 3,k2L 853
9. |719.3 | Mechanical handling equipment 3,bob 3,kok
10. |729.3 | Electronic tubes 3,3k42 -
11. |891.2 | Phonographic records and other sound media 3,099. 107
12. |662.3 | Bricks and other refractory construction
materials 2,513 2,513
13. [68k.2 | Aluminium end aluminium alloys 2,62 216
14, |719.2 | Pumps, centrifuges, etc. 2,337 2,337
15. [05L4.5 | Fresh vegetables n.e.s. 2,239 1,384
16. |724.9 | Telecormunications equipment 1,820 1,820
17. |653.5 | Woven fabrics of non-cellulosic fibres I.TTT 1,777
18. [891.1 | Tape recorders, record players, etc. 1,67k 125
19. |892.9 Printed matter n.e.s. l,6hT 11
20. |719.8 | Machinery and mechanical appliances n.e.x. 1,526 1,526
21. |714.9 | Office machines n.e.s. 1,481 278
22. (T711.5 | Internal combustion engines excluding aireraft| 1,460 1,460
23. |T722.2 | Electrical apparatus for meking, eté¢ ,
electrical circuits 1,Lhk 913
24, [717.1 | Textile machinery 1,k07 1,k07
25. |719.1 | Heating and cooling machinery 1,148 594
26. [893.0 | Plastic articles n.e.s. 1,088 997
27. |732.8 | Motor vehicle and tractor parts n.e.s. 1,056 481
28. |719.5 | Powered tools n.e.s. 1,046 1,046
29. [T722.1 | Electrical power machinery 958 958
30. [719.6 | Non-electrical machines n.e.s. 939 8L43
31. [861.9 | Measuring, control, etc., instruments n.e.s. 885 665
32, |655.4 | Coated or impregnated textiles 855 855
33. |653.7 | Knitted or crocheted fabric 812 785
34, [861.7 | Medical instruments 788 51
35. |734.9 | Aircraft parts and accessories 781 781
36. [711.4 | Aircraft engines 730 730
37. |718.2 | Printing and bookbinding machinery 668 312
38. |642.9 | Art paper 618 166
39. [861.6 | Photographic equipment 587 587
Lo, [698.9 | Articles of base metal n.e.s. Lot L97
k1. |695.2 | Tools n.e.s. ko6 152
k2, |718.4 | Construction and mining machinery kLY LLY
43. |729.5 | Electrical measuring and controlling apparatus k11 h11
Ly, [581.1 | Polymer and copolymer products 370 370
4s. |714.2 | Electronic computers 276 136
46, [899.6 | Orthopaedic appliances 17 T
TOTAL oL ,841 41,503
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European potential air exports to United States - 1970

(Commodities involving 1,000 tonnes or more air export presently)

SITC POTENTIAL TONNES
RANK | CODE DESCRIPTION
METHOD A METHOD B
1. |512.0 | Orgenic chemicals 37,362 37,362
2. |851.0 Footwear 27,522 1,375
3. [7T11.5 | Internel combustion engines excluding aircraft 18,743 503
L. |891.1 | Tape recorders, record players, etc. 9,920 =)
5. |719.5 | Powered tools 8,983 T
6. |695.2 | Tools n.e.s. 4,962 197
T. |725.0 | Electrical household equipment 4,770 2,626
8. |722.1 | Electrical power machinery 3,770 3,770
9. |655.4 | Coated or impregnated textiles 3,682 507
10. |652.2 | Cotton fabric n.e.s. 3,541 103
11. |732.8 | Motor vehicle and tractor parts n.e.s. 3,120 3,120
12. |651.0 | Yarn and threed 2,985 L6k
13. |71k.2 | Electronic computers 2,678 638
14, |717.1 | Textile machinery 2,606 9kl
15. |841.1 | Clothing of woven textiles 2,565 623
16. [722.3 | Electrical apparatus for making, etc.,
electrical circuits 2,523 20
17. |719.9 | Machinery parts and accessories n.e.s. 2,khol 2,kok
18. | 862.4 | Photographic film and plates 2,295 1,112
19. [653.7 | Knitted or crocheted fabrics 2,068 2,068
20. [T14.9 | Office machines n.e.s. 1,928 738
21. [719.8 | Machinery and mechanical appliances n.e.s. 1,926 10k
22. |653.6 | Woven fabrics of manmade fibres n.e.s. 1,783 1,556
23. |729.5 | Electrical measuring and controlling apparatus
n.e.s. 1,610 69L
24k, |611.3 | Leather - calf 1,557 11
25. [831.0 | Travel goods, handbags, etc. 1,538 1,538
26. |724.9 | Telecommunications equipment n.e.s. 1,364 530
27. |611.9 | Leather n.e.s. X325 219
28. |841.4 | Clothing accessories 1,31k 1,31k
29. (894.4 | Fishing, hunting, sports equipment 1,306 908
30. |719.2 | Pumps, centrifuges, etc. 1,142 343
31. [893.1 | Rubber and plastic manufactures n.e.s. 1,056 65
32, [861.9 | Measuring, control, etc. instruments n.e.s. 1,019 -
33. [ 892.1 | Maps, charts, books, pamphlets, etc. 989 -
34k, |653.5 | Woven febrics of non-cellulcsic fibres €0L 60k
35. |861.2 | Spectacles and frames 563 =
36. [892.9 | Printed matter n.e.s. 342 195
37. |841.3 | Clothing and accessories of leather 158 51
TOTAL 168,113 66,930
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Potential air trade - United States exvorts to Europe - 1970

(Commodities involving 1,000 tonnes or more air exports presently)

TOTAL AIR % POTENTTAL ATR TONNES
COUNTRY TONNES TONNES AIR METHOD A METEOD B
AUSTRIA - - by = =
BELGIUM/LUX. 637,547 9,265 1.5 13,018 6,348
DENMARK 10,038 576 5.7 - 371 193
FINLAND 7,908 11 0.1 237 79
FRANCE 180,255 18,161 10.1 3,517 2,102
GERMANY, FED. REP, 398,353 25,168 6.3 19,084 8,4s7
GREECE 4,773 61 13 362 316
IRELAND - 579 k12 T1.2 L6 L6
ITALY 219,431 8,4k 3.8 7,030 4,395
NETHERLANDS 1.306,066 10,L9k " 0.8 22,308 8,583
NORWAY 2,264 LY 1.9 1,805 1,184
PORTUGAL 827 151 18.3 455 455
SPAIN 118,385 1,658 1.k 3,952 2,485
SWEDEN 5T ,511 3,14 545 8,306 4,001
SWITZERLAND 6,759 1,500 22.2 1,489 893
UNITED KINGDOM 410,867 35,888 8.7 12,861 1,966
TOTAL 3.361,563 114,971 3.L ol 841 41,503
Table (vi) Potential air trade - Europe exports to United States - 1970
(Commodities involving 1,000 tonnes or more air exports presently)
TOTAL AIR % POTENTIAL AIR TONNES
COUNTRY TONNES TONNES ATR METEOD A METHOD B
AUSTRIA 8,212 1,093 13.3 1,999 827
BELGIUM/LUX. 95,33k 1,191 T, 8,925 5,8L0
DENMARK 12,551 2,503 19.9 1,636 318
FINLAND - - - - -
FRANCE 90,795 7,224 7.9 7,969 L,247
GERMANY, FED. REP. Lok L3k 20,613 L.9 47,155 12,793
GREECE = = = = e
TRELAND 3,606 2,143 59.4 253 -
ITALY 502,220 30,664 6.1 49,916 23,761
NETHERLANDS 99,667 2,245 2.3 7,591 7,228
NORWAY 547 22 k.0 129 T0
PORTUGAL k4,025 27k 6.8 1,1k2 586
SPAIN 73,328 7,096 9.7 11,758 4,530
SWEDEN 25,505 2,993 11.7 2,427 697
SWITZERLAND 17,117 3,059 17.9 1,406 793
UNITED KINGDOM 242 423 17,21k 7.1 25,807 5,240
TOTAL 1.599,76k4 98,33l 6.1 168,113 66,930
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Summary of Cargo Traffic Flow Survey

The study consisted of a survey and analysis of the cargo traffic flow
at Copenhagen airport.

8 i Survey
The survey involved three basie phases: data collection, commodity
coding and data processing.

1.1. Data collection

The data collection phase involved a physical survey and airwaybill
(AWB) review.

The physical survey activity was conducted intermittently over a
period of three months, September-lovember 1971. A balanced and repre-
sentative mix of cargo was sought by sampling on various days of the week
and times of day. From shipment labelling items of information such as AWB
number, shipment weight, nurmber of pieces and origin - destination were
recorded on data sheets - see example shown in FIG. 1. The external measure-
ments of each piece in a shipment were also registered along with its nature
and handling characteristics as defined in Table 1.

The completed data sheets were matched ageinst shipment documents in an
AWB review and other information concerning commodity description, declared

value and flight information-added where available.

1.2. Commodity coding

The cargo traffic flow sample was also coded according to the Standard
International Trade Classification (SITC). The essigned commodity codes
represent the most detailed category or classification consistent with the
description obtained from the AWB and package lebels. A general cormmodity
description on the AWB results in a general code on the data sheet, i.e. one
ending in one or two zeros.

For example, a shipment identified only as "Electrical Machinery"
would be coded 7200, whereas the same shipment described as "Telecommuni-
cations Equipment'would be coded 7240, and, if more precisely defined, as
"Pelevisions" the SITC code would be T2hl.

The SITC system was found to be inapplicable for classifying certain
sample shipments and additional codes were fabricated. The most-used of
such codes was 9319. This was constructed for shipments described only as
"General Cargo", for shipments of multiple commodities without specific
weight and commodity assignments per piece and for shipments not located

during the AWB review. Other artifical codes used were:
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1: Cargo traffic flow handling characteristies

Carton (Cardbcerd container closed on six sides, plus cardboard
Box (Wood, metal or plastic container closed on six sides, including

Crate (Partially enclosed containers, including kennels.)

Pallet (Cargo mounted on forkliftable type base regardless of top
Vessel (Barrel, drum and specialized cylindrical containers.)

Bag (Flexible container of plastic, fabric, etec.)

Banded (Two or more packages banded or tied together to form one

Other (No protective cover or other packaging method.)

Environmental (Temperature, pressure, humidity restrictions.)

Dangerous (Flammable, explosive, radioactive, etec.)

Unstackable (Cargo cannot be stacked on top of the piece without

Unitized (Two or more packages or items physically constrained to

form one shipment piece as frequently occurs in banded, palletized

PKG - Packaging characteristics
1
meiling tubes and heavy envelopes.)
2.
trunks and suitcases.)
3
L,
or side covering.)
5.
6.
piece without any pallet base.)
8. Container (IATA registered containers.)
HDL - Handling characteristics
1, General (No special handling restrictions.)
2
3. Fragile
L,
5. Fragile and dangerous
6. Fragile and environmental
T Dangerous and environmental
STK - Stackability characteristics
0.
incurring damage.)
1 Stackable
UNT - Unitization characteristics
0.
and containerized packaging.)
1. Single piece
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DATE
[ AWB No, COMMOD I TY SITC CODE
COMMENTS «
SHIPMENT DATA
| TEMS WE | GHT-KGS
OR1G DEST
K [ ] DECLARED VALUE U.S, S i T
No. oF| [WETeHT EAcH | [Tenetn] [wiomw | [weraat] [T] [B] [S] [Y]
I TEMS KGS CMS CMS CMS |G| [L| |K] [TJ
E b - I—I
A/C PKG HOL STK UNT
0 = PAX 1, Carton 1. General 0 = Unstackable| 0 = Unitized
1 = FRT 2. Box 2, Environ= 1 = Stackable pieces
3. Crate mental 1 = Single
4, Pallet 3. Fragile piece
5, Vessel 4, Dangerous
6. Bag 5, Fragile -
7. Banded Danger
8, Container |6, Fragile =
9, Other Environ,
7. Dangerous -
Environ,

Fig 1: CARGO TRAFFIC FLOW SURVEY DATA SHEET

e

il
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9110 Postal packages and diplomatic material;
9310 Personal effects;
9311 Human remains; and

9710 Coin and legal tender

1.3. Data processing

The information contained on the data sheets w;s keypunched and certain
sample statistics derived by computer processing. The mean values of sample
characteristics generally represent the quotient obtained by dividing the
total number of the sample (pieces or shipments) into the sum of the applica-
ble characteristic such as cube or weight.’ Mean density was computed as the
quotient of the summations of weight and cube for a specific sample segment.
Mean value per kg was also to be calculated per sample shipment but this was

not possible due to poor sample data in this respect.

2. Analysis

2.1. Physical characteristics of the cargo flow

A total of 11,73l shipments representing approximately 1,200 tonnes
and covering 210 SITC commodity codes are included in the survey. In total
the sample represents about 4% of the total cargo flow through Copenhagen
airport during the period over which it was taken. The cargo traffic charac-
teristies derived from the sample are summarised in Table 2 and illustrated
in FIGS. 2 to 11. In addition, Table 2 identifies some L41% of the shipments
by the type of aircraft used for transportation. Although including only 3k
to 37% of the weight, cube and number of pieces in the total sample, certain
variations in characteristics were found which indicate that generally smaller
shipments are carried on passenger aircraft, presumeably because of the
limitations imposed by belly loading.

The 227 kgs/m3 density of cargo carried on passenger aircraft is sur-
prisingly low, being only slightly greater than the density mean for the
sample as a whole. In the enalysis of weight characteristics per piece -
see FIG. 5 - an inverse relationship was found between piece weight and
density in the lower piece weight range, the frequency curve of traffic flow
by cube cumulating increasingly faster than that by weight as piece weight
rises. Due to the generally lower average weight per piece of cargo carried
on passenger flights this traffic was, therefore, expected to exhibit a
higher than average density. Conversely, freighter cargo was generally
expected to be of lower than average density because of its higher average
piece weight. The sample evidence does not support this, however, possibly
due to the fact that distinction between airecraft type used could only be

mede with respect to certain routes.



Table 2. Cergo traffic flow characteristics - survey results

Sample characteristie

Passenger All-cargo Total
flights flights flights
Shipments 3.372 1.469 11.73k
Pieces 9.185 10.978 53.976
Cube (cu. meters) 667 1.319 5.632
Weight (kgs) 151.530 269.6L5 1.220.052
Cube per shipment (cu. meters) 0.198 0.898 0.478
Weight per shipment (kgs) Lk .9 183.6 104.0
Density (kgs/cu.meter) 2272 204 .4 217.5
Pieces per shipment 2.7 7.5 L.6
Cube per piece (cu. meters) 0.073 0.120 0.104
Weight per piece (kgs) 16.5 24 .6 22.6
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FIGS. 2 to 11 provide an insight into the variations in density and

other characteristics for the sample as a whole. Although the frequency

curves of weight and cube for shipments and pieces shown in FIG. 2 and 3
curulate uniformly over the whole density range, up to 300 kgs/m3 the
quantity of pieces cumulates more rapidly than the quantity of shipments.
This means that, for exarple, while 357 of the number of pieces have a

density less than 143 kgs/m3 i.e. below the minimum density requirement of
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the TATA tariff, only about 25% of all shipments are below this level.
FIGS. 4 and 5 show the frequency curves of weight per shipment and per
piece. The shipment weight curve shows that some 80% of all shipments
weigh less than 45 kgs and nearly 90% less than 100 kgs. Since shivment
weight cumulates faster than cube through this range these smaller shipments
tend to be of higher density than the overall average. Shipment density
appears to decrease over the weight range from 300 kgé to 1,250 kgs and
significantly so between 750 kgs and 1,250 kgs. The 5% of shipments above
1,250 kgs tend to be of relatively higher density, accounting for 32 and
27% respectively of the total sample weight and cube, FIG. 5 indicates
that whilst almost 907 of all pieces weigh less than 50 kgs they account
for only a little over a half the traffic flow by weight.

FIG. 6 shows that elthough only 10% of the numbef of shipments are
larger than 1 m3, they account for 64% by weight and T76% by cube of the
total sample. Some 80% of all shipments are by comparison smaller than

3 y
0.2 m”. FIG. T shows that approximately 907 of all pieces are less than

0.2 m3 and account for some 60% by weight and cube of the total sample.
Almost 857 of the sample by weight is in pieces of 1 2> or less.

FIGS. 8, 9 and 10 illustrate the sample cumulative frequency curves
for piece length, width and height respectively. Approximately 90% of all
pieces exhibit lengths, widths and heights less than 90, 70 and 50 cms
respectively. )

FIG. 11 shows that over 60% of all shipments are of a single piece,
80% of 3 pieces or less and 90% of 8 or less, these proportions accounting
for 12, 37 and 48% respectively by weight. Almost 25% by weight is in
shipments of 18 or more pieces.

Over 95% of the shipments surveyed had complete origin-destination
information. Only 40 of the 857 city pairs identified, however, had any
appreciable cargo flow and 1l of these major city pairs involved 5 or less
shipments. To balance possible variations from these large shipments and
to provide an overall view of the pattern of cargo movement it was decided,
therefore, to show the percentage flow composition and mean characteristics
by region only. This information is presented in Table 3.

European intercontinental exports account for well over a third of the
total air trade flow in terms of weight, and equals the total for all intra-
Eurcpean traffic. Intercontinental imports are considerably less, repre-
senting a little under 25% of the total. Over two thirds of ell European
intercontinental trade appears to be with North America, accounting for
53% of exports and T6% of imports. North Atlantic trade fleow are of
approximate equal scale in the east end westbound directions.

Shipment characteristics vary greatly between regions and by direction
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of trade, the average shipment size in intercontinental air trade, for
example, being some 37% greater than for intra-European traffic. There is,
however, a wide range of average shipment weights within the intercontinental
traffic, especially between North Atlantic traffic and the rest. In the east
and vestbound directions average shipment weights in North Atlantic air trade
are approximately 28 and L8J greater respectively than the average for
European exports as a whole. In terms of the average number of pileces per
shipment North Atlantic traffic is again outsteanding. The overall sample
average is L.6 pieces per shipment, but this would fall to around 3.5 if

the 5.5 and 10.7 averages for North Atlantic traffic east and westbound were
excluded.

With respect to physical density intra-European traffic appears to
have the highest being some 60% above European intercontinental exports,
almost 25% above the overall sample averege and 9% above European intercon-
tinental imports. North Atlantic air trade totally is some 24% lower than

the sample average density, 427 below westbound but 187 ebove eastbound,

2.2. Packaging and handling characteristics of the cargo flow

Classified by the packaging and handling cstegories shown in Table 1
the most cormon type of cergo is non-unitized and packed in stackable cartons
requiring only general handling consideration. This class accounts for some
70% of all pieces and LLZ by;weight. Considering packaging only, cartons
account for more than 807 of the pieces, 60% of cube and 50% by weight and
3, 13.5 kgs and
53 x 39 x 39 cms) lower than the arerage for all surveyed pieces (217 kgs/mB,
0.10L4 m3, 22.6 kgs 63 x 45 x 36). Pallets or boxes are the next mogt common

have physical characteristics (167 kgs!m3, 0.081 m

packaging with 13% and 317 respectively of the traffic by weight. The
nature of cargo shipped on pallets or in boxes is reflected by their higher
than average package charateristics: 285 kgs!m3, 0.248 m3, 70.8 kgs

110 x 55 x L1 cms.

Cargo requiring only general handling accounts for 85% of all pieces
end 80% by weight. All other forms of handling requirments are negligible,
with the exception of fragile cargo which represents approximately 107 of
the pieces and 16% by weight. Less than 1% of all pieces appear to be
liable to damage from stacking but, by virtue of above average characteristics
(321 kgs/m3, 0.562 m3, 180 kgs end 110 x 58 x 88) this traffic represents some
6% of the total traffic by weight. Most of the unstackable cargo is shipped
on pallets and lacks any protective packaging.

2.3. Commodity characteristics of the cargo flow
General cargo (SITC 9319) accounts for 13% of the pieces and 1% of
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cube and weight. The characteristics per shipment of this kind of traffic
are lower than the overall sample average in respect of numter of pieces
2.7, weight 66.5 kgs and cube 0.28 2m> but slightly higher in density 235
kgsfm3. Characteristics per piece are, however, slightly above the average
at 25.0 kgs and 0.105 m3. Because of its composite nature this category
has been excluded from the commodity rankings shown in Table L.

The top twenty commodities by weight account for 39, 48 and LT% of the
total sample by number of shipments, pieces and weight respectively. Taken
together the mean shipment characteristics of this traffic flow (202 kgs/m3,
133 kgs, 0.662 m> and 5.6 pieces) ere slightly below the overall sample
average in terms of density but above in all other respects.

A mean warehcuse density of approximately 250 kgsfm3 is genereally re-
quired to obtain full utilization of the payload capability of present all-
cargo aircraft given an optimum stacking efficiency of TO-75%. As density
increases the required level of stacking efficiency decreases. Table L
shows that Beverages, Chemicals, Machinery and Machinery Parts, and Printed
Materials all provide excellent air cargo from the density standpoint. Other
factors such as the fragility of bottled beverages or the flarmability
potential of some chemicals may, however, seriously downgrade the attractive-
ness of such commodities. Statistical Machines and Automobile Parts exhibit
marginally high densities but ere limited as to stackability when heavy
packaging is omitted as it usually is. Travel goods, clothing, footwear and
plastic articles are all of low density and generally offer little possibility
from a stacking point of view.

The variations in density shown in Table 3 are caused by differences in
the commodity composition of traffic between regions. European exports to
North America, for example, have & density mean some 427 below the sample
mean due to the predominance of low density commodities e.g. clothing, foot-
wear, travel goods, manufactures of leather and textile fabries. Exports to
the less developed regions exhibit by contrast a higher than average density
due to the greater flow of capital goods such as machinery and machinery

'parts.
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Appendix III

Data appendix
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