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IV - IMPORTANCE OF CONTAINERIZATION

Introduction

Although boxes, barrels, jars, and jugs were containers in ancient times,
they hardly match the containers of the present. The cargo containers address-
ed here are relatively new, with the marine intermodal container birth coming
in the mid-fifties and the air containers stemming from the sixties. The sur-
face mode, marine, intermodal container concept caught hold, achieved standard-
ization, and grew into a massive industry driving many of the bulk cargo ships
fram the seas. This large-capacity, door-to-door-capable, sea-truck-rail con-
cept filled a timely need in service and in economics. 0.I.M. Portion, Presi-
dent of Atlantic Container Lines observed (ref. 24), "...that from a commer-
cial viewpoint the intermodal container has, through efficiencies of utili-
zation, done more than any other transportation development to mitigate the
steady advance of inflation..."

Air containerization had its beginning approximately a decade later than
the surface modes. Although it grew rapidly with the introduction of narrow-
body jets and main deck igloos, its growth scarcely compares with that of the
marine ISO intermodal container. Containerization in the air carrier industry
remains rather immature compared with the surface industry. Surface industry
spokesmen have for some years expressed concern about the air carrier system
approach as evidenced in this quote from Warren L. Serenbetz, CEO of Inter-—
pool, Ltd, (ref. 25),

"How soon will air freight carriers eliminate the costly, time-consuming
practice of loading and reloading individual cargoes or the popular non-
intermodal air containers at the airports? If some of the unit-loading
techniques now common to ocean carriers were extended to air freight, so
that standard ISO containers were truly interchangeable between different
modes, how much would that add to potential growth during the next decade?
And who among us is to bet that it can't and won't happen in the next 10
years."

Richard Malkin in an Executive Editorial in Cargo Airlift (ref. 26) charac-
terized the current situation:

"The passenger airlines love belly cargo. It's the quickest road to
Mecca. But, if they are going to place the weight of their attention on
the belly dance, provocative as it may be, it will be quite another kind
of air shipping industry that will emerge - one, I suspect, that will, un-
til that elusive dream plane comes along, have to be content with less am-
bitious horizons."

Frost and Sullivan (ref. 27) referred to the following containerizaticn
Limitations nd Problems in their recent air cargo market study results:
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- Container use is not well suited to the emergency shipment nature of

present-day air cargo, except where shipments between major-hub
airports are concerned. Hnergency shipments are usually small in
weight and size, and any delay necessitated by consolidation of the
packages with other destined for the same terminal reduces air-
freight's speed advantage. Container shipments must be scheduled in
advance, which does not aid in meeting emergency-shipment needs,
Also, containers are of limited usefulness to shippers of small indi-
vidual consignments moving to a multitude of different destinations.

. lower rate breaks are given for larger containers. Many shippers,

however, find that rate breaks that would make possible a significant
saving are too large for their needs. At times, the shipper must pay
for unneeded volume.

. Conversely, many high-volume shippers complain that the available con-

tainers are too small. The LD-1 and LD-3 containers designed for a
wide body aircraft's lower deck have a 63-inch (1.6-meter) height
limit, which is too small for a large number of products.

. Another size-related problem is the allowance for oversize loads.

For increased efficiency, pallets and containers have been designed
to be closely assembled aboard all-cargo aircraft, with the result
that little allowance exists for overhang. Often, a shipper is
forced to pay for an entire extra pallet because his shipment was too
large to fit in the space allotted for a single pallet.

. Some of the early insulated and/or refrigerated containers had the

same interior volume as non-insulated equivalents. This resulted in
larger exterior dimensions because of the need for thick, insulated
walls. Because aircraft interiors are not true cylinders, but are
larger in certain areas than in others, these insulated containers
could be used only in certain sections of aircraft fuselages.

A major problem with containers is the need for backhaul of empties.
They must be moved to where they are needed, and it costs money to
move them empty,

. Ownership has also created problems. Forwarders for instance, have

put a great deal of money into container acquisition, and are con-
cerned about the amount of investment tied up and the return-on-
investment when these containers are not in use.

8. Various interline agreements provide for an airline to use another's

container (or pallet), or to ship it back to its destination. Up
until 1972, this matter was taken care of through numerous separate
agreements. However, an improvement was attained at that time in the
form of an overall agreement which some, not all, IATA carriers
endorsed. Thus even today, there is no uniform interchange agreement
endorsed by all carriers.



9. Another strictly economic obstacle to the wider use of containers is
the level of some container rates in relation to bulk rates for large
shipments. ' The rather high pivotal bulk weights beyond which low
rates exist are holding down the use of containers. Many times it is
cheaper for a forwarder to present the airline with consolidated bulk
load rather than for him to put it into a container, because the bulk
rate may be cheaper than the container rate.

The same Frost and Sullivan report states affirmatively for container-
1zation "... but it is on yet another issue that the future of the industry
(air cargo) depends. That issue is containerization. Without further pro-
gress in the containerization program, rates must skyrocket and substantial
bulk-shipper demand for air cargo will never develop." The authors further
state: "What is necessary for a major increase in the use of containers is
the ability to transfer them quickly and cheaply from truck to aircraft (and
vice versa)." And further, "In spite of their attendant problems, the use of
containers can drastically cut the airlines' operating expenses, and thus
either lessen the rates charged the shipper, hold down the massive rate in-
creases that will otherwise be necessary, or increase the airlines' revenues."
The findings of Frost and Sullivan thus speak strongly for the further develop-
ment of containerization with, as a minimum, an air-truck intermodal capabil-

ity.

Support for an increasing amount of containerization, and an accompanying
intermodal capability is not universal within the industry. Joseph Healy,
Senior V.P. of Flying Tiger Lines in 1974 is quoted (ref. 28):

"Containers aren't what they're cooked up to be in air transportation.
This is where we part company with the industry...Air freight won't be
moving in 40-foot (12.2-meter) highway trailers until the next century.
It will be 10 years before there is sufficient demands to warrant the use
of 8 x 8 x 20-foot (2.44 x 2.44 x 6.1-meter) containers."

Mr. Healy may be correct with respect to the highway trailers. However,
in early 1977, Seaboard World Airways reported that "During a 64 day period
(October 20, 1976 to December 23, 1976) Seaboard moved 963 20' (6.l-meter) con-
tainers between the U.S. and Europe. This averaged 15 container movements per
day." In the past year, American Airlines and Container Transport Interna—
tional (CTI) have made an agreement wherein American will initially lease
twenty-five 20-foot (6.l-meter) air containers which embody ISO compatible cor-
ner fittings. By March of this year this number has expanded to 100, Fred
McCusker, American VP Freight Marketing, is reported (ref. 29) to have said
that he could foresee 300 to 400 of the air containers in use by American in
the near future.

The foregoing is recounted not to build a case against the FTL position,
but to establish that wide-body main deck containerization is developing in a
large container air-truck intermodal fashion. Actually, FTL showed profits in
years that Seaboard World did not. To a great degree, however, this may be
attributed to lack of large container rate incentives. Further on the subject
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from the initial decision of the CaR's Administrative Law Judge on the
Domestic Air Freight Rate Investigation (Docket 22859/April 15, 1975):

"Flying Tiger maintains that it is unjustly discriminatory to charge
bulk and container shipments of equal weight different amounts... Flying
Tiger's position does not recognize a fundamental difference between
bulk and bypass-type container traffic. As the weight of the bulk
freight shipment increases, the shipment ordinarily takes up more space
and generates more facility expense. That is not the situation as re-
gards a bypass container. Rather the container, because of its fixed
Size requires a given amount of space and incurs facility expense
irrespective of the ‘weight of its contents. Therefore, it is not un-
reasonable t treat the container differently from bulk freight., Since
weight data are more readily available and convenient to use than volume
data, it is appropriate to use weight to recover facilities expense
attributable to bypass containers. The Bureau's methodology of applying
the average weight of traffic by container type properly permits the re-
covery of costs while acknowledging the space-consuming characteristics
of the containers.”

In this introduction to containers, it is important to observe briefly the
belly pits and the current status of belly (LD - Lower Deck) containers. In
the narrow-body jet, containerization is generally limited to the main deck
and the ATA type A igloo or equivalent pallet. There is an LD-W container in
use by a few carriers, but the narrow-body bellies are essentially bulk-piece
loaded. This is not the case with the wide-body bellies., Here, with the ex-
ception of the small, aft located/odd—shaped bulk compartment, the hellies are
entirely containerized. The standards established to ULD's for the 747,
DC-10, L~1011, and A-300, for the most part are fully interchangeable and,
therefore, interlineable among carriers. (ULD stands for "unit load device"
and applies to aircraft payload-carrying devices such as containers and to
pallets with nets.)

The significance of the wide-body belly for cargo was evident from the
planning stage. It could equate in volume and payload capability to nearly a
whole narrow-body freighter. It was there to be filled on the many passenger
aircraft, and when the energy "crunch" came in 1973 it became absolutely
essential for carriers to try to fill it. Containerization was obviously man-
datory to carry that volume, to meet short aircraft turn-around requirements,
and to minimize ramp congestion. Passenger aircraft belly volume was offered
at discount "daylight" rates, and provided additional revenue., . Such occur-
rence caused reductions in all-cargo service and removal of many narrow-body
freighters from service.

With the new wide-body bellies came a whole new family of "standard" con-
tainers, none of which is suitable for off-airport integrated around trans-
portation and the intermodal scheme. These and other containers will be dis-
cussed in detail later in this report.,



Although it will be an essential part of the industry for many years,
belly freight service is not the answer to achieving maturity in the air
freight industry. John C., Cook of the Air Cargo Research Institute recently
said (ref. 30):

"Empty wide-body belly compartments are symptomatic of the ills facing
the international air cargo industry. The big cargo breakthrough is
still a long way away."

Alex Igylarto, Director of Cargo Sales, Northwest Orient Airlines, spoke
to the general airline viewpoint recently (ref. 31):

"To return to the idea whose time has come: Containerized air freight
offers shippers greater speed, reduced inventory related costs, fewer
handlings, less susceptibility to pilferage and damage. Ané it offers
the carriers the opportunity of cutting their handling costs.'

Yet, as here indicated, they are far from fully containerizad:

"At present about one-third of Northwest's cargo business is con-
tainerized. Specifically, on domestic shipments containers represent
37% of the revenue and 50% of the weight; internationally, containers
account for 31.4% of the revenue and 36.8% of the weight."

This report will discusss physical and technical features and charac-
teristics of both air and surface containers. Trends, ground handling, and
intermodal aspects will be detailed. Container-oriented results of the case
studies will provide both shipper and carrier responses and comment related to
the systems of today and tomorrow. The advantages and disadvantages as seen
through these users' eyes will be presented. Important cost considerations
affecting containerization will be provided. Finally, the operational aspects
of various air cargo systems, existing and projected, from emergency small
package to large shipper-stuffed intermodal will be described and discussed.

Containerization

Technical Characteristics -

Aircraft ULD's: Growth of the air cargo industry has been greatly accel-
erated by the development of aircraft unit load devices (ULD's). Pallets and
nets took their beginnings in the fifties and were followed by containers in
the sixties. Aircraft ULD's are generally limited to operations from airport,
but some are suitable to air-truck limited off-airport travel. Others provide
lifting capability and intermodality with some limitations in stacking heights
for marine mode operations. These aircraft ULD's come in many sizes, shapes,
ard types, in structural and non-structural configurations, and in ownership.
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There are also "non—aircraft" ULD's which essentially are non-structural (non-
certified boxes of various convenient sizes for the shippers. ULD's have vary-
ing tarrif rate classifications which generally, but not universally, provide
more favorable rates for the larger capacity ULD's.

Table IV-1 shows all the current aircraft ULD's in general commercial use,
their IATA (International Air Transport Association) classification rating, ID
(identification) and specification, their USA domestic temminology (often ATA
- Air Transport Association) and ID, along with cubic capacity, tare weight,
and permissible gross weight information. Table IV-2 provides similar informa-
tion for non—aircraft ULD's., It would appear that there is a ULD, 31 aircraft
and 11 non-aircraft, for every occasion and use.

Aircraft ULD's consist of an assembly comprising one of the following:

1. Aircraft pallet and pallet net.
2. Aircraft pallet net over an igloo.
3. Aircraft container.

The purpose of the ULD is to enable individual pieces of cargo to be
assembled into a standard sized unit to facilitate rapid loading/unloading
onto an aircraft having compatible handling and restraint systems which inter-
face directly with the unit device.

A non-aircraft ULD is one designed primarily to be loaded with cargo and
subsequently loaded on/in an aircraft ULD, i.e., does not interface directly
with aircraft handling/restraint system.

Aircraft ULD's are considered a part of the aircraft and as such must ob-
tain the approval of one or more certification authorities. In the U.S. this
is the FAA, and approval is granted ei’’.er through a Supplemental Type Certi-—
ficate (STC) or through inclusion in NAS 3610 (an AIAA - Aerospace Industries
Association document) which is authorized under FAA TS0O/C90. Specifications
and standards for the majority of the aircraft ULD's have been prepared and
issued by one or more of the following organizations: SAE - Society of Automo-
tive Engineers, IATA, ISO - International Standards Organization, and ANSI -
American National Standards Institute, For example, the spec/standard for
Main Deck 8 x 8' (2.44 x 2.44-meter) Containers for High Capacity Aircraft is,
in near identical form: SAE AS832, IATA 50/6, IS1496 Series I Part VII, ANSI
MH5.2.  Additionally, in NAS 3610, these containers in various lengths are
coded 2F1C, 2G1C,; 2H1C and 2J1C.

As air container tare weight must be subtracted from gross payload to ob-
tain useful or revenue payload, it is important that the container be light in
weight. As shape and shell thickness are controllable, an attempt is also
‘made to provide a maximum usable volume within the container and within the
aircraft. Strength for ground and flight maneuvers and for possible emergency
landing dictates that the weight-saving consciousness should approximate that
of aircraft design. These strength/weight/volume relationships dictate a
requirement for thin-floor, thin-wall containers. As current air freighters



TABLE IV-1
MEMBER {AIR CARRIER) OWNED AIRCRAFT UNIT LOAD DEVICES

IATA LATA Us Representative i:fen(:}nze
. . ax ross
CLASS  ID  IATA Domestic NAS3610 U"‘c’;le V°‘”’“§ Tare Weight Weight
Description/Size Rating  Code  Spec Term. 1D Ft M Lb KG Lb KG Remarks

8 x 8 x 20 Fr High Copacity 1 AS . 50,6 M-2 2G1C 1160 32.3 2205 1000 = 25,000 11,340  Rect. Container
A/C Mcin Deck Coniciner
3% 8 x 20 Fr Figh Copacity 1 P7 50,9 M-2 2G1P 1160 32.3 1000 454 25,000 11,340 Rect. Pollet Load
AsC Main Cack Pcllet With Net 1123 32(HD) 14460 662
3 < 8 x 10 Ft Hizh Capacity A/C 2 UR  50/3  (M-1) 2FIP 580  16.4 661 300 12,500 5670  Rect. lgloo/Net
fulier Wit INon-Struct Igloo
2 x B x 10 F1 Main Deck Conteiner 2 AR 50/6 (M-1) 2FIC 580 16.4 1102 500 12,500 5670 Rect. Container
‘ur High Cagacity AZC '
o x 125 x 96 In PalletWith Net 2 P6  50/1B M-l 2MIP 625 17.7 287 130 15,000 6804  Rect Pallet Load
For High Capaciry A/C 619 17.5(HD) 573 260
95'x 125 < 96 tn Main Deck 2 AQ 50/8 M-1 2MIC 620 17.6 1102 500 15,000 6804 Rect. Container
Conteiner Far High Copacity A/C

15,000 6804
23 x 125 < 96 In Main Deck Pollet 2A Pl 50/18  (M-1) 2AIP,3P 558  15.8 267 121 13,300 6033  Rect. Pallet Lood
with Net For High Cepacity A/C 4P & 6P 530 15.0(HD) 381 173 {5208 3%
23 x 125 x £2 In Main Deck 20A  UAM  50/3  (M-1)  2AIP, 3P 480  13.6 573 260 13900 98 Rect. Igloo/Net
MNon-Strucet Igloo With Net 4P & 6P ]2:500 5670

10,000 4536
6 x 123 x 72 I~ Main Deck Pallet 28 P6  50/1B  (M-1) 2MIP 430 12.2 287 130 15,000 6804  Rect. Poliet Lood
With Net
96 » 125 x 72 In Moin Deck Non- 28 uQ  50/3 (M=) 2MIP 428 12.2 507 230 15,000 6804  Rect Igloo/Met
Struct Izloo With Net
96 x 125 x 118 In Mcin Deck Pollet 2H P6  50/1B  (M-1) 2MIP 717 20.3 287 130 15,000 6804  Non-Rect-10'High
With Net For High Capacity A/C
96 x 125 x 118 Main Deck Shelf Pallet 2H 50/18  (M-1) 2MICD 773 219 765 374 15,000 6804  Non-Rect.-10' High
23 x 125 x 86 In Pallet With Net 3 P 50/1A, A 1AIP, 3P 400 11.3 267 11 13300 903 Shoped Load

18,50/2 2A1P, 3P 10,000 4536

88 « 125 x 8 In Pallet With 3 UA 5073 A 1AIP, 3P 400 11.3 485 220 13,300 6033 Shoped Load

0 0
Non-Strct Igloo & Net ]]%:380 iggé Igloo Net



TABLE IV-1, SHEET 2

Reference
1ATA IATA Us Representative Max Gross
CLASS ID. IATA - Domestic NAS3610 Usakle Volume Tare  Weight Weight
Description/Size Roting Code  Spec Term. 1D Fy m3 Lo KG Lb KG Remarks
88 x 125 x 86 In Main Deck 3 AA 5074 A 2A5C 400 1.3 728 330 13,300 6033 Struet Igloo
: 12,500 5670

Contoiner 167800 3536

88 x 1C8 x 85 1n Main Deck 4 P2 50/1A,18. (A) 1BIP Ete 350 9.9 232 105 10,000 4536 Shoped Load

Pcllet With Net 50/2 2B1P Etc 8,000 3629

88 x 10€ x 86 In Main Deck 4 ub 50/3 (A) 18Ip 344 9.6 441 200 10,0C0 4536 Shaped Load

Non=Struct lgloo & iNet (80" H) 2BIP Etc 8,000 3629 1gloo/Net

68 x 108 x 80 In Main Deck 4A uD 50/3 (A) 1BiP, 353 9.9 463 210 10,000 . 4536 Shaped Load |

Non-Struct tgloo & Net (86" H) 2BIP Etc 8,600 3629 lgloc Net

88 x 125 x &4 In Pallet With Net 5 Pt 50/1A LD-7 2AI1P, 3P 360 10.2 267 121 10,000 4536 Shaped Load *

50/18 4P, 6P

28 x 125 x 64 In Pallet With 5 UA 50/3 LD-7 2AlP,3P 350 9.9 485 220 10,000 4536 Sheped Load

MNan=Struct Igloo & Net 4P, 6P Igloo/Met *

838 x 125 x 64 In Container 5 AA 50/4 LD-7 2A2C 363 10.3 728 330 10,000 4536 Struct Container *

2A5C

¢C.4 x 125 x 64 In Pallet 6 P9 - LD-5-11 2LiP 260 7.4 180 82 7,000 3175 Shoped Load *

With-Net

60.4 x 125 x 64 In Container <] AW - LO0-5-11 2uC 246 7.0 685 310 7,000 3175 Shaped Load *

Struct Container

5,250 2,380

88 x 61.5 x 86 In Pallet With Net 7 P5 - - 205 5.8 160 73 4600 1814 Shoped Load
3,000 1,362

£8 x 61.5 x 86 In Half Pallet 7 P - 8 A7 e 94 13 B0 2,30 gy load

V/ith-Noa=Struct lgloo 4,000 1,814 1glog/Net
3,000 1,362

60.4.x-61,5 x 64 In Certified 8 AV 50/5 LD-1,-3 2XKIC 152 4.3 300 136 3,500 1590 Shaped Load, Belly

Contoiner For High Copacity A/C Half Container

60.4 x 61.5 x 64 In Non-Certified 8 DV 50/7 LD-K 287 130 3,000 1360 Shaped Load, Belly

Container for High Copacity A/C

* Wide-Body Belly/Narrow=Body Main Deck

Half Container

.t

Fy
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TABLE IV-1, SHEET 3

Representative Reference
IATA us Usable Volume Max Gross
a CLASS 1D IATA  Domestic  NAS3610 3 A Tare Weight Weight
Descriotion/Size Rating Code Soec Term. 1D Ft M* Lb KG Lb KG Remarks
60.4 x 61.5 x 64 In Rect, Non-Certified 8C DV - - 103 2.9 337 153 3C6o 1360 Rect Belly Half Contoiner
Container For High Copucity A/C )
60.4 x 81 x 64 In Noa-A/C Half = 88 CX - - 151 4.3 396 180 4500 2041 Non=-Aircraft ULD Series,
Size Centeciner on Pcliet Shaped
4,000
82 x 53 x 76 In Half Pallet With Net 9 P5 - 1E1P 171 4.8 135 61 3060 1362 Shaped
2E2P
4,000 1,814
88 x 53'x 76 1n Half Pallet 9 - - 1E1P 167 4,7 285 129 3,000 1,362 Shoped, lgloo/Net
With Non=Struct lgloo 2E2P 2,500 1,134
Narrow-8o0¢y Belly - - - LDW - 71 2.0 154 70 1700 770 Shaped

Conigirer (4} x 91 x 41)

TARE VWEIGHTS AND VOLUMES MAY VARY SOMEWHAT BETWEEN AIR CARRIERS

GENERAL SOURCE: ATA ULD MANUAL
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Description/Size

Half 125 In Pallet Size
Container (83 x 58 x 76)

Half Size Inrerchange
Cantainer (33 x 58 x 75)

Mini Holf Size
Container (83 x 58 x 61)

Half 103 in Pallet Size
Contaicer (83 x 42 x 75)

Quarter Pcllet Size
Container {33 x 42 x 76)

Lower Deck Container
trcert {54'x 54 x 56)

Quarter Pallet Size
Container (41 x 58 x 45)

130 Base Unit -
Container (40 x 48 x 40)

10 Zese Unit ~
Consainer (43 x 40 x 27)

Be:ly-HO[d

Container (42 x 29 x 25.5

IATA 1ATA
CLASS ]
Rating Code

7 Co3
7 Co4
8/9 C05
8/9 Co6
- co7
- Ccos
- coJ
- co9
- coo
- Co5

TATA
Spec
70/1
70/1
70/1
70/1
70/1
70/1
70/1
701
7071

70/1

701

TABLE 1V=2

NON AIRCRAFT ULD'S

us
Domestic
Terminology

B

GENERAL SOURCE: IATA ULD MANUAL

Usable

Ft3

172

157

130

125

101

55

38

25

14

Representative

Volume

M3

4.9

4.4

3.7

3.5

2.8

0.4

Tare

Lb

300

277

240

225

225

141

93

96

31

19

Wt

KG

136

126

109

102

102

42

20

8.5

Pemissible
Max Gross
Weight
Lb KG
6686 3029
6686 3029
6686 3029
4841 2189
2500 1134
4050 1820
2400 1088
3303 1498
3383 1536
2666 1207
2666 1207
1691 768

Remarks

Member Owned,
Shaped

Member Owned,
Shaped

Member Owned,
Shaped

Member Owned,
Shaped

Member Owned,
Shaped

Member Owned,
Rect.

Member Owned, Rect.
Non-Member Owned,
Member Owned, Rect.

Member Owned, Rect.

Non-Member Owne , R



&

have evolved fram passenger aircraft, the quest for volume in containers in
volume-limited aircraft have forced the industry into shaped containers - both
in main deck and in belly application. A check of the currently used air con-
tainers as listed in Table IV-1 shows that today less than one-third of the
ULD's have rectangular shapes. These requirements combine to make air con-
tainers appreciably more expensive than surface mode "marine intermodal" con-
tainers.

The non-aircraft family of ULD's (Table IV-2), some reusable and some dis-
posable, present a somewhat counter-productive story from the tare wight
penalty and containerization viewpoint. an example of the use of non-aircraft
ULD's in an apparent extravagantly wasteful manner is that of placing LD-N
rectangular, fork-liftable units inside LD-1 or -3's. The total tare is rough—
ly increased by 50 percent while the usable volume is nearly cut to 50 per-
cent, ‘A 300-pound (136-kg), 150 cubic foot (4.3-cubic-meter) capacity
container in essence becomes a 440-pound (200-kg) container with a 85-cubic-
foot (2.4-cubic-meter) capacity. This scheme helps fill the bellies where
rates are discounted in daylight service.

[ogistically, the more expensive aluminum LD-3 container is kept on the
airport while the less expensive (reusable but relatively short-lived) LD-N
container is sent off airport. Only nominal terminal handling costs accrue as
stuffing and stripping is shipper-provided. However, these factors are hardly
illustrative of a maturing air freight system capable of penetrating
substantial new markets. This by-product of passenger service does not
necessarily pay its way as reported in the Domestic Air Freight Rate Investiga-
tion, but it is perpetuated by the Board with the logic that discount freight
(daylight rate) could mean a savings for the passenger.

As indicated in Tables IV-1 and IV-2 and discussed earlier, standardiza-
tion exists for air containers in many forms. The proliferation of standards
necessary to fit the available market to the several narrow-body and wide-body
aircraft main and lower decks is indicative of a make-shift appreoach - to the
handling and carriage of air cargo. In the ancilliary and subservient
position relative to air carrier passengers, it has brought forth the current
use of only one ULD which remotely resembles a ULD that the majority of CLASS
case study shippers and carriers could accept. That container is a 8 x 8 x
20-foot (2.44 x 2.44 x 6.1-meter). :

The M-2 container, as is the case with all aircraft ULD's, has a flat
roller-conveyorable bottom. The container described in the standards is
offered in two versions: (1) with a flush bottom only - meaning it must always
be handled on a conveyorable surface (including rollerized flat bed trailers),
and (2) with a flat bottom and ISO corner fittings. This latter Type B
version of the container thus may go on/off the aircraft on rollers and may
also be lifted and set down outside the aircraft. The Type B container can be
placed and carried upon ISO chassis for ground transportation. It may further
be stacked two-high (top positions) for ocean carriage on container ships or
in dockside marshalling/storage yards.
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The ULD standards for the above 20-foot (6.l-meter) air containers cover
containers of 30 and 40-foot (9.15 and 12.2-meter) lengths. Such are not
listed in Table IV-1 as they are not in service at this time. It is further
unlikely that they will enter service in the near future, as compatibility
with the current civil freighters which could accept them dictates that they
have a low stiffness value so that they will readily deflect under load to con-—
form to the deflections of the aircraft floor under varying loads. Pallets of
these lengths are more likely to be used as they are inherently less stiff
than containers.

Aircraft ULD's for the U.S. military have been standardized around the
nine~-foot 463L System gauge. The primary pallet is the "full" size (88 x
108~-inch) (2.24 x 2.74-meter) unit. Half pallets of 88 x 54-inch (2.24 x
1.37-meter) dimensions are used in the USAF-contracted (civil supplemental
carrier) LogAir and USN Quick Trans air cargo services. Ibnger loads are
either carried as spanning loads on multiple adjacent pallets or on modular
9-foot (2.74 meter) wide airdrop platforms (which vary from 8 to 28-foot (2.44
to 8.53-meter) increments). A few structural 88 x 108~inch (2.24 x 2.74
meter) 463L System containers were procured some years ago; they have received
limited acceptance and use. These military ULD's are not included among the
cammercial listings of Table IV-1.

With respect to ULD classification ratings for tariff purposes and physi-
cal characteristics for interline compatibility, both IATA and ATA-Ail Trans—
port Association provide standards. The IATA listing is adequately included
in Table 1IV-1. The domestic ATA standurds are considered to be of
insufficient detail to be universally workable. Most damestic air carriers are
also IATA members and thus are fully familiar with IATA standards. -The TIATA
covered units are the Type A, B, B-2, FT-B, D, Quarter D, E, LD-1, LD-3, LD-5,
LD-7, LD-11, LD-W and LD-N. Additionally, add the 8 x 8-foot (2,44 x 2.44-
meter) High Capacity Aircraft Main Deck Containers loosely Tabbed M-1 for a
nominal 10-foot (3.05-meter) length and M-2 for the 20-foot (6.1~meter)
length.

Surface Mode Intermodal Containers: The ISO marine container is a phenomen-—
al economic success if its growth in use is a fair indicator. Malcolm Mclean
started a transportation revolution when, in 1956, he demonstrated a dockside
system in which truck load lots of cargo could be loaded/unloaded on/from
ships without the time-consuming and expensive break bulk operations. The use
of large demountable containers, whose size was ideally suited to ground trans—
portation, fostered the rapid growth of this new sea-land industry and its
accompanying technology.

Container physical characteristics and capacities are provided in Table
IV-3. Standards governing most of these container sizes have been prepared by
both ANSI and ISO. Standards exist for several sizes, 10 and 30-foot (3.05
and 9.15-meter), which have not caught on. Several other sizes are in very
limited use in captive systems, i.e. 24 and 27-foot (7.3 and 8.2~meter)
Matson Line. The Sea-Land 35 foot (10.7-meter) length is captive to S-I, and
Pureto Rico Marine Management, Inc. However, it represents over 10 percent of



Description/Size
8 X 8 X 40'

8 X 8.5 X 40"

8 X 9 X 40"

g X 9.5 X 40’

8 X 8.5 X 35'

8 X 8 X 30!

8 X 8-1/2 X 30"
8 X 9-1/2 X 27
8 X 8-1/2 X 24
8 X 9-1/2 X 24'
8 X 8 X 20

8 X 8-1/2 X 20
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TABLE Iv-3

150 SURFACE MODE/MARINE - INTERMODAL CONTAINERS

Representative
Range of Tare Weight

Lb
5200 - 8400
5900 - 8500
6300 - 8500
6500 - 8500

5500

4100 - 4900
5250
3200 ~ 5000

3200 - 5000

KG
2630 - 3830
2680 - 3860
2860 - 3860
2950 - 3860

2500

1860 - 2200
2380
1450 - 2270

1450 - 2270

Max Gross Weight

Lb
67,200
67,200
67,200
67,200
61,600
(56,000)
(56,000)
50,000
50,000
44, 800
44,800

(22,400}

KG
30,480
30,480
30,480
30,480
27,940
(25,400)
(25,400)
22,680
22,680
20,320
20,320

(10, 160)

Representative

Cubic Capacity
FeS m3
2250 64
2400 68
2550 72
2700 76
2100 60
1400 40
1520 43
1100 31
1200 34

WEIGHTS AND VOLUME BASED ON DRY VAN CONTAINER CONFiGURATIONS

Percent of
Domestic
Population

32.0

0.70 .

2.3

52.9

GENERAL SOURCE: INVENTORY OF AMERICAN INTERMODAL EQUIPMENT 1976 U.S. DOC MARAD
PLUS ANSI & ISO STANDARDS

ANSI
STD

1SO -

STD

il
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the domestically owned inventory. The 20 and 40-foot (6.1 and 12.2 meter)
lengths by far dominate the domestic inventory, and encompass even a large
segment of the total internationally. All containers are readily identified
by the presence of ISO corner fittings at each of the eight corner locations,
and when transported on chassis overland, by a complete lack of lights above
the chassis level at night. '

Tare weight of these containers is higher than for air containers. Tare
weight ranges are significant as materials of container construction are less
standrd than for the air containers. The lightest-weight containers are of
aluminum construction with heavier containers of RFP-Fiberglas Reinforced Ply-
wood and of steel in common use. Ten years ago one could buy containers of
this type in production quantities for fifty cents per pound ($1.11 per kg).
Although that pricing is of the past these containers, built primarily by
truck trailer manufacturers, remain very competitively priced.

DoD Container Specifications and Requirements: The U.S. Army owns some
6700 MILVAN containers. These containers are basically ANSI/ISO intermodal
20-foot (6.l-meter) length containers specified to be of steel construction.
Some have a considerable non-ISO internal tie-down capability. Tare weight
ranges from about 4500 to 5400 pounds (2040 to 2450-kg), which is very heavy.
Subsequent DOD policy (ref. 33) called for the employment of the container re-
sources of the cammercial transportation industry to the extent that such
support 1s responsive to military requirements. The pelicy instruction
further specified:

"Containerization for the transport of military cargo will be
utilized to the greatest practicable degree, subject *to ... such
things as cost effectiveness, etc."

Another DOD directive (ref. 34) states relative to transportability
including airways that "...design will specifically consider the im-
pact of international standardization of intermodal containerization
in standardizing and facilitating world-wide distribution."

In recent years there has been cccasional Army need to have a 20-foot
(6.1-meter) intermodal container moved by air. The Air Force has accomplished
this by placing the non-flush bottom container on a 9-foot (2.74-meter) wide
aerial delivery platform and then loading the combined load in a conventional
roller-conveyor fashion. The load is shored on the platform to ensure an
equitable load distribution, it is secured to the platform with tie-downs, and
the platform load is secured to the aircraft by the restraint rail locks after
loading on roller-conveyors.

The 20-foot (6.l-meter) container: Several civil carriers have also
carried 20-foot (6.l-meter) marine intermodal containers in - their 747
freighters. A similar slave pallet/platform is utilized with its gauge set at
8-foot (2.44-meter). Because the thickness of the slave pallet adds to the
overall height, this unit is nomally restricted to side door loading where
sufficient clearance height is available. Marine intermodal containers are
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currently considered satisfactory only for non-routine/emergency use by most
carriers. However, Seaboard World has made considerable use of the ISO marine
containers as noted in the following quotes from Air Transport World (ref.
35):

"In 1977 Seaboard's 747's carried more than 6000 20-foot (6.1-meter)
equivalent sea containers... in addition to its own aluminum (air)
containers." '

"Seaboard leases some 200 of the sea containers in order to have a
sufficient stock of 20-foot (6.l-meter) boxes for its shippers. How-
ever, it is studying the purchase of 50 to 100 aluminum containers in
addition to the 52 now owned. The purchase would be more to reduce
leasing costs than to cut tare weight.” Seaboard's aircraft and
routes are such that tare weight is generally not critical as the air-
craft cube out prior to payloading out. Seaboard aggressively seeks
the large shipments. "About half of Seaboard's current tonnage con-
sists of shipments weighing more than 20,000-pound (9090-kg) although
such shipments account for only 3% of the waybills."

For a look at alternative aircraft interface and loading/unloading means
not requiring slave pallets, it is suggested the reader review the Project
INTACT program results (ref. 36). In that joint governmment/industry inter-
modal air cargo test program, 8 x 8-1/2 x 40-foot (2.44 x 2.59 x 12.2-meter)
marine intermodal cciatainers were loaded, flown and unloaded from C~5 aircraft
utilizing new and novel shuttle loading concepts. These rollerless (non-con-
veyor) schemes accomplished the handling tasks via both wheeled and air-bear—
ing equipment which placed the non-flush bottom containers on blocks on the
cargo floor of the aircraft, depressed below the container bottom, and with-
drew to the interface dock to load the next container.

Other ULD's: Over-the-road trailers form by far the largest number of dry
van containers., These non-demountable containers have been adaptable to inter-
modal carriage via the "piggyback" railroad system and he "ro-ro" (roll-on,
roll-off) shipboard concept. The trailer units suitable for these intermodal
uses are built to special criteria establishing structural and/or dynamic com-
patibility for the various modes.

Increasing volume demands for increased productivity per tractor and trac—
tor driver has forced, in line-haul trucker applications, the use of longer
and higher trailers and the use of more and longer double- and triple-bottom
rigs. One major motor carrier commented in the case study responses that all
their line-haul equipment was either 27 or 45 feet (8.2 or 13.7-meters) in
length and 9 or 9-1/2 feet (2.74 or 2.9-meters) high. This line-haul quest
for volume is mentioned here to show that more volume is a generally universal
requirement among all modes and not singular to any one mode such as air.

Structural Considerations: In November of 1975 J. Bruce Gebhardt of
United Airlines said on the subject of intermodalism and air {ref. 37):
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"Have you ever been in a sea-container yard? If you have you know
that those delicate little things tnat we call containers couldn't
last a minute.”
Thus an air cargo industry executive gave his assessment of the relative hardi-
ness of air containes in the surface mode intermodal container environment.

In a way, the opposite is true, at least on paper. Design load factors
are provided in air container specs and standards for both operational (limit)
and ultimate strength requirements. The ANSI/ISO surface mode criteria
specify only an operational load level. Operational/limit load criteria
dictate that the container may deflect under load, but that upon removal of
the load there shall be no permanent set or deformation. Ultimate design load
criteria for containers accept permanent deformation but do not allow for
rupture or discharge of contents.

With respect to container strength requirements in three directions, note
in the following table that air requirements are indeed higher than those
governing surface containers:

OPERATIONAL/LIMIT LOAD REQUIREMENTS

ATR MODE SURFACE MODES
FORE/AFT 1.0 0.4
SIDE 1.0 0.6
VERTICAL UP 1.0 0.0

The design max gross weight for the two types of containers vary consider-
ably, as shown:

MAX GROSS WEIGHT CAPABILITY - LB (KG)
10" L (3.1m) 20' L (6.1m) 30' L (9.Im) 40' L (12.2m)
AIR 12,500( 5,670) 25,000(11,340) 35,000(15,876) 45,000(20,412)
SURFACE 22,400(10,160) 44,800(20,320) 56,000(25,400) 67,200(30,480)
Therefore, the real relative capabilities based on requirements are:

OPERATTIONAL/LIMIT LOAD CAPABILITIES - IB (KG)

ATR MODE SURFACE MODE
20' L (6.1m) 40' L (12.2m) 20' L (6.1m) 40' L (12.2m)
FORE~-AFT 25,000(11,340) 45,000(20,412) 16,000+( 7,260) 24,000(10,880)
SIDE 25,000(11,340) 45,000(20,412) 24,000+(10,880) 36,000(16,330)
VERT UP 25,000(11,340) 45,000(20,412) 0 0

So those delicate little things would not seem so delicate if only these re-
quirements were used in the comparison. A number of factors point to the
actual strength of the surface mode containers being greater than indicated in
the foregoing. First, the surface containers are not tested beyond the opera-
tional load level; a test at the ultimate load level (or to destruction) would
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determine the actual strength of the container. Another factor pointing to
added strength stems from requirements for lifting, stacking, and ground opera-
tions which are peculiar to the ground requirements. Last, a review of
several representative container manufacturer drawings showed generously-large
marings of safety, much larger and less weight conscious than that necessary
within the air industry.

just that for the most part if they were to be ground-handled and transported
in the manner and for the distances normal to the sea-containers. The line
haul for the air container is usually an extremely soft ride, and since most
air containers stay on or close to the airport, they experience little of the
bouncy surface transit of the others. This, of course, is changing as require-
ments for M-2 type B containers, for instance, have ground handling design re-
quirements similar to ISO marine containers.

Internal Tie-down: Internal tie-down is a firm requirement in the air con-
tainer standards because aircraft may, although rarely, develop vertical
accelerations sufficient to 1lift cargo up and slam it down. In normal
packaged freight where a sufficient percentage of the internal volume of a con-
tainer 1is filled, this condition may be ignored. If the volume is
insuvfficient - too much air above the cargo - then either dunnage (light
weight filler material) or internal tie-down is required. For similar reasons
with very dense items such as engines, generators or machinery may also be re-
guired to restrict fore-aft-side movement by tie-down. In air containers pro-
visions for internal tie-down are a spec or standard requirement.

For surface mode ISO marine containers there are no specified requirements
for internal tie-down, However, as with dry wvan trailers, there are
containers procured with a variety of internal tie-down provisions, some
suitable for the erection of internal bulkheads. Here the internal tie-down,
where used, is applied to restrain cargo against fore-aft-side movement only.
The most common manner of achieving this is with wooden cleats nailed to the
wooden floor.

Chassis Interfaces: The new M-2 container, like the ISO marine container
is capable of being transported over~the-road on the skeletal chassis of the
surface intermodal systems. These chassis are available in large numbers
world-wide. However, in the field of standardization, the chassis has been
somewhat - of a stepchild. There have been occasional problems in fitting ISO
marine containers to the chassis. The air container, although designed with
compensatory corner fitting base thickness to account for the flush (or even
recessed) corner fitting, also has fallen victim to the misfit problem.
Current reports from the air industry fault the chassis, primarily in the
areas of "raised bolsters" and "bowed twin I-beams." No effort is made in
this report to further identify this problem. ‘

One solution to the problem is for the carrier and/or lessor to provide an
inventory of captive compatible chassis. The ANSI committee on freight con—



tainers is currently receiving a draft of a newly proposed standard (MH5.6)
for chassis.

Depressurizations: There is an air requirement for vent/blowout panels to
allow the container and the aircraft cargo compartment internal pressures to
equalize quickly. This must be achieved in time to prevent the container or
any of its cargo from becomlng missile if there were a rapid depressurization
of the cabin. The ISO marine container does not have this design requirement.
However, a military test conducted upon an empty MILVAN container showed that,
in this worst case (empty volume), the container doors, door seals, and some
structural seams deformed or separated sufficiently that the interior of the
container was exposed to only a fraction of the pressure differential load
which might have been applied. WNothing became missile.

Technical Discussion of Future: Air containerization is on the threshold
of intermodality for the few carriers equipped to carry the 8 x 8-foot (2.44 x
2.44~meter) M-2 box. Of these few carriers, only one is operating on U.S.
domestic routes, yet this carrier (American Airlines) has moved out the most
progressively of all with respect to equipment, as evidenced by its use of
straddle cranes and leased containers.

The strength differences and tare weight differences between air and sur-
face containers deserve further comment. The time has come when representa—
tive ISO marine containers should be tested to air mode ultimate load levels
to provide information which could possibly upgrade their capabilities for ex-
panded air use. The tare weights for the aluminum surface mode contairers,
made with alloys with allowables 50% of these used in aircraft, could be sub~
stantially reduced as evidenced by the M-2 continers, and the acceptance of
non-wood plank floor and lesser stacking requirements could further reduce
tares for non=flush-bottom intermodal containers,

Why non-flush-bottom containers? One reason is that the U.S. DOD is
directing their 'use. Further, if there becomes a need to move 40-foot L
(l2.2-meter) air containers, it is unlikely that the present air container
criteria for 30-foot and 40-foot (9.15 and 12.2-meter) containers, which are
peculiarly tailored to 747 fuselage floor stiffness, will be acceptable., At
the same time, the Type B M-2 container has its lower corner fittings, because
of its flush bottom, either flush or recessed as opposed to protruding in the
case of the ISO marine container. This necessity for use on roller-conveyors
also necessitates the use of functional twist-lock spacers when the container
is stacked, and has contributed to some interface problems with some ex1st1r1q
container chassis.

Our contemporary air cargo systems, operating on conveyors as they do,
represent a large investment, and for the sake of interchange and interface
with existing equipment, all new equipment must, be aircraft, ramp, and term-
inal compatible with existing equipment., Therefore, the issue is not a
question of whether a "rollerless" loading system is superior for large con-
tainers over the present roller conveyors; it is whether an incompatibility
with existing air systems can be tolerated economically in the near term. So
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the guestion of change is more difficult for those reasons of large invest-
ments in current systems. This situation requires both civil and military
operators to carry the ISO marine containers on slave pallets or platforms
whenever there is a demand.

In summary, the present air system is cautiously moving toward the
air-truck intermodality available with the M-2 containers. The slave pallet
will continue to be required as long as there is any, Very few ULD's longer
than 20 feet (6.l1-meters) will be loaded, and when loaded will generally be
pallets. The development of light-weight, non-flush bottom (air-included)
intermodal containers and rollerless handling systems is unlikely in the near
term but should remain as a viable option for the Advanced Intermodal Air
Cargo System, In the interim, additional new "standards" peculiar to the
available flight equipment, such as the 96 x 196-inch (2.44 x 5-meter) pallet
loaded through the side-door 747, may continue to be issued.

Container Growth Trends -

Air Containers: This discussion will be limited to the 8-foot (2.44-~
meter) gauge containes. The new family of 8 x 8-foot (2.44 x 2.44-meter)
cross-section containers is becoming somewhat a common ULD among the wide-body
freighter-equipped carriers, The 20-foot (6.l-meter) M-2 container normally
moves in a mix with lesser length containers and pallets. The most universal
and popular 8 x 8-foot (2.44 x 2.44-meter) container is the end restrained 96
x 125 x 96-inch (2.44 x 3.175 x 2.44-meter) M-1 container. Frequently this
ULD is not really a container but an igloo and net over a pallet. It is note-
worthy that the non-modular 125-inch (3.175-meter) ULD is, by far, more popu-
lar than the modular 117.75-inch (3-meter) ULD; both are commonly called
"10-foot" (3.05-meter) containers.

Flying Tiger, followed by others, brought forth an increase in height from
96 to 118 inches (2.44 to 3-meters) in a modification of the M-1 unit. This
taller ULD, called a "shelf-pallet," is currently limited for use to carriers
with the increased vertical clearance 747 side-door installation, and to those
aircraft cargo floor positions aft of the elevated flight station/upper deck.
Shelf-pallets are shaped in that one upper edge is scarfed to clear the
structure of the available cargo envelope. This raised-height pallet fulfills
a desire for increased height and volume.

A failure to date to introduce the 30- and 40-foot length containers at
all may be attributed to: (1) increased difficulty in handling loads of these
lengths, (2) special ULD structural stiffness requirements for compatibility
with 747 aircraft structure, and (3) inability to generate routine loads of
this size. It is fair to state that present air freight methods have not
created a significant demand for containers of lengths in excess of 20-feet
(6.1-meters), although the 40-foot (l2.2-meter) length containers offer ad-
vantages in over-the-road transport and at shipper docks,

The M-2 container inventory at the end of 1977 is not large, but it is
growing. According to Phillip L, Peoples, Director of Air Freight Systems at
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Boeing (ref. 38), "...there are now (Jan. 1978) 380 8 x 8 x 20-foot (2.44 x
2.44 x 6.1-meter) containers used by air freight companies."

Iwo trends are of significance relative to these containers and the air
cargo industry: (1) a strong movement to the Type B containers with corner
fittings, and (2), perhaps forecast with insufficient evidence, an early
movement to container leasing. The first trend is important in that, by in-
tegrating a "lift/set down" capability, the industry is pointing toward
increased intermodality and the use of already developed handling and trans-
port equipment suitable for ground use. The introduction of container leasing
will facilitate the growth of this type of air containerization as it reduces
capital costs and may reduce logistic control problems for the air carriers.
CTI, Container Transport International, is the initial provider of these con-
tainers to the industry. American Airlines is the initial user.

Surface Mode Containers: ISO containers (Table 1IV-3) easily exceed
one-half million units currently. Warren Serrenbetz (ref. 25) predicted in
1976 that new production of over two million units would be required to
account for both the growth and replacement requirements in the 10 years to
1986. U.s. carrier and leasing company totals, as reported by the U.S. MARAD
(ref. 39) numbered 503,241 at the end of 1976. The number of TEU's(6.1l-meter,
20-foot equivalents) was 713,060. James P. Thrasher of Interway (ref. 40 says
the total world leased population is about 680,000 TEU's as of January 1978,

The growth of the U.S. container fleet has slackened, especially in
carrier-owned category. In 1973, the growth over the previous year was 17 per-
cent, whereas in 1976 it was 2 percent. For leased ownership, the figures
were 27 percent for 1973 and 10 percent for 1976, The ratio of lessor-owneé
to carrier-owned was 60:40 at the end of 1976 in these domestic comparisons.

Five-year growth trend curves for container length and for height of both
40— and 20-foot (11.2 and 6.l-meter) containers are repeated from a MARAD
publication (ref. 16) in Figures Iv-1, IV-2 and IV-3. The 20-foot (6.1-meter)
containers outnumbered 40-foot (12.2 meter) containers 5 to 3, and as shown in
Figures 1IV-1, are increasing that ratio a 1little each year since 1973.
Heights of 40-foot (12.2-meter) dry van containers are reasonably stabilized
with the 8.5 foot (2.6 meter) freight representing 87 percent of the total,
and Figure IV-2 shows 9-foot (2.74-meter) and 9.5-foot (2.9-meter) containers
outnumbering 8-foot (2.44-meter) heights by 3 to 1. oOnly in Figure Iv-3
providing height data for 20-foot (6.1-meter) long containers is there a
pronounced current change in progress, Essentially all new 20-foot
(6.1-meter) long containers is there a pronounced current change in progress.
Essentially all new 20-foot (6.l-meter) dry van containers are 8.5 feet
(2.6-meters) high. In 1972 the 8-foot (2.44-meter) to 8.5-foot (2.6-meter)
height ratio was 93:7. At the end of 1976 it was 53:47. The trend to a
greater height than 8-foot (2.44-meter) 1is, therefore, overwhelming in the
20-foot (6.l-meter) length. 1In the 40-foot (12,2-meter) length, (97 percent
of the total domestic inventory is of a height greater than 8-feet
(2.44-meters).,
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Of interest in the inventory statistics is the inclination of the carrier
to procure containers of aluminum construction. The lessor, who puts his corn—
tainer out to perhaps greater risk, buys a preponderance of the less
expensive, heavier, and perhaps, hardier steel containers.

In a nutshell, size changes in surface mode containers are directed toward
maximizing volume efficiency. This need for involved volume was generally sub-
stantizied in the result of the use study reports from both shippers and
carriers concerning potential container improvements.

Intermodality - "What is intermodalism? Intermodalism consists of two
factors: (1) containerization of the freight by the shipper in a special re-
ceptacle designed tc interface with the carrier(s) vehicle(s), and (2) unit
transfer of the containerized freight hbetween two or more transportation
modes, "

The above quote is from an address by John H. Mahoney of Seaboard World
Airlines (ref. 41) in 1974 when Seaboard was kicking-off their 8 x 8 x 20-foot
(2.44 x 2,44 x 6.l-meter) "intermodal" operation, The quoted definition of
intermodalism would be enhanced if it is understood that the "special
receptacle” must be a standardized multi-mode ULD of suitable proportions to
carry cargo in an economical manner and that the handling of the "unit trans-—
fer" and the transport between all modes be efficiently conducted.

From the long list of ULD's in Table IV-1, only one container offers pPro—
mise of achieving strong intermodal acceptance and use. That container is the
8 x 8 x 20-foot (2.44 x 2.44 x 6,l-meter) M-2 container. Those procured
without corner fittings are limited to a life on roller conveyors, and truck
movement calls for a rollerized flatbed. Those M-2 containers procured with
corner fittings are intermodal in the sense that they can be lifted and set
down with existing intermodal container 1lift equipment, can be transported on
the highway on ISO chasses, can be stacked two high for both ocean transport
and storage (top two locations only), and can be transported COFC (container
on a flatcar).

Operational Container Test Program: During 1975-76, Air Cargo, Inc. in
conjunction with American Airlines, Seaboard World Airlines, Air France and
Northwest Airlines conductd an operational container test program using six—
teen M-2 Type containers. The containers were manufactured by Bruggermann &
Brand, Fruehauf, and Messerschmitt-Boelkow-Blohm. The technical/functional
phase of the test evaluation program was complete by the Fall of 1976. The
evaluation also included a structural test phase on a representative container
of each type fram each manufacturer, four containers in all. From the tech-
nical phase, problems were found in floor construction and in inadequate inter-
nal tiedown. Problems also existed in truck dock interface with dock
door-lower corner fitting incompatibility. Operationally, it was apparent
there would be regulatory/legal pooling arangement problems,

Subsequently, Air Cargo, Inc. (ACI) selected the MBB container and pro-
posed a pooling arrangement to the airlines which would have been coordinated

4-22



EJ"

and serviced by ACI. This éroposal was not accepted by the airlines and was
abandoned.

More recently, in a limited follow-up, CTI, Container Transport Inter—
national (the world's largest marine container lessor), purchased a number of
containers M-2, Type B, with approximately a 2220-pound (960 kg) tare weight
and 1165-cubic foot (33-cubic meter) volume from Transequip/Bruggermann &
Brand and leased 25 to American Airlines. American's program extends to all
points served by the side-door 747 Fleet: JFK, ORD, DFW, SFO and LAX. Even
more recently, the quantity of 25 containers has grown to 100.

Ground Handling: Intermodal concept can exhibit important benefits in
ground handling operation. Divided into four major subfunctions, the equip-
ment and procedures for accomplishing each function vary widely as described
below:

o) Stuffing/Stripping - An intermodal size container such as the 20-foot
(6.1-meter) M-2 can be handled at the producer/shipper/user/consignee
dock in the same manner as a 40-foot (12.2-meter) trailer. On its
ISO chassis the 20-foot (6.l-meter) container can be positioned at
the shippers' loading dock and worked by conveyor belt, gravity con-
veyer, fork truck, etc. The consolidation of this container by an
air freight forwarder or carrier poses a problem, however, because it
represents departure from their normal use of smaller ULD's. They re-
quire different handling equipment. The intermodal advantage lies in
the off-airport consolidation/break bulk operation which allows the
container to bypass the internal terminal operations on the airport.
The container adaptability to a trailer means that it is easily trans—
portable to and from the airport. Cube utilization is directly re-
lated to the stuffing/stripping function. Studies (ref. 42) indicate
that: (1) cube utilization is 8 x 4 x 10-foot (2.44 x 2.44 x 3-meter)
M-1 modules may be as much as 10 percent greater than that of 88 x
125-inch (2.24 x 3.175-meter) contoured igloos; (2) containers
exhibit a cube utilization that may be up to 10 percent greater than
that for pallets of the same shape; and (3) little gain in cube
utilization is ralized in module lengths greater than 20'. A more
recent quantification states that the 20-foot (6.1-meter) M2
container provides about 8 percent greater cube utilization than two
96 x 96 x 125-inch (2.44 x 2.44 x 3.175-meter) M-1 containers, even
‘though the internl volumes are essentially the same. Certanly
shipper-packed, routine, large-volume container loads (M-2 or larger)
should maximize the stuffing efficiency/cube utilization in those
cases where shipper packaging and internal container dimensions are
campatible,

o) surface Transport - The pick-up and delivery function is handled
routinely with the container on a 20-foot (6.1-meter) container
chassis which interfaces with and locks to the four lower corner
fittings of the container, Two containers can be transported on a
40-foot (12.2-meter) chassis. The PUsD charges for moving a 20-foot
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(6.1-meter) chassis with container are generally the same as for mov-
ing a 40-foot (12.2~-meter) rig. Double-bottom rigs, where legal, are
helpful in increasing tractor and tractor driver productivity.

Since the smaller air containers, especially the shaped containers,
are much less efficiently handled in ground transport, they are kept
near to or on the airport. These latter have no intermodal
potential.

o Air Cargo Terminal Handling - Most air cargo terminal facilities have
been designed for handling of lower lobe containers and main deck
igloos and pallets with base dimensions no larger than 96 x 125-inch
(2.44 x 3.175-meter). 1In general, current carrier plans do not en-
compass modifying or expanding facilities for in-terminal handling of
20-foot (6.l-meter) containers. This may reflect a wait-and-see
attitude that significant growth in 20-foot (6.1-meter) container
traffic is imminent. However, in the intermodal scheme of things the
20-foot (6.l-meter) container is normally shipper-packed and, there—
fore, bypasses the in-terminal functions and equipment except for the
processing of a single air waybill.

One carrier, substantially equipped to routinely handled M-2
containers, is Lufthansa. This carrier's modern facility is euipped
to nose-load with automated equipment and has installed in-terminal
equipment of the stacker variety capable of vertical cellular storage
of 20-foot (6.l-meter) containers.

o) Aircraft Loading/Unloading - A variety of mobile equipment items have
been developed to support 20-foot (6.1-meter) container loading on
the 747F main deck. These include: (1) mobile straddle cranes for
transferring containers between storage vard and ISO chassis, yard
transporter and weigh scales, (2) transporter vehicles which move con-
tainers between the terminal or outside marshalling yard and the air-
plane, and (3) main deck scissors or poster loaders capable of elevat-
ing 30,000 to 72,000-pound (13,600 to 32,660 kg) to a height of
18-feet (5.5 meters) for interface with nose or side-door locations.
There are few fixed nose-in loading equipment set-ups in the
industry. American Airlines has procured and set in operation five
Renner mobile. straddle cranes. These top-lift devices have a
capacity for lifting/transporting 64,000~pounds (29,030 kg) and are
capable of transferring outsize cargo as well as containers.

Logistic Aspects: Studies and experience show that pooling arrangements
minimize the problems associated with ‘repositioning of intermodal containers
through multiple usage. These arrangements also enhance container avail-
ability. Standard marine container pooling arrangements today make it possi-
ble to lease containers (and chassis) on a short-term basis and return them to
pools located throughout the world at a much lower cost than would be required
to own the same peak container capacity.
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At this stage in the development and use of 20-foot (6.l-meter) air con—
tainers, the four airlines (Air France, Iufthansa, American, and Seaboard
World) which regularly carry M-2 containers in their 747F's generally maintain
control of the units within their own system. Each carrier has had problems
unique to its operation; however, these are being solved with experience.
Control seems to be the most common problem.

The system—to-linehaul ratio of 20-foot (6.l-meter) air containers is
about 9 to 1, compared with the marine container ratio of 3 to 1. The marine
container ratio is increasing due to longer linehaul distances and storage use
as temporary warsehouses. The appreciably larger M-2 container ratio is a re-
sult of the much shorter air linehaul time as compared with a time of similar
length for the ground segments of the total trip. The shipper via air in M-2
containers can also leave the container on chassis and use it as a temporary
warehouse, although he will incur rental charges after 48 hours if he does not
own the container and chassis. The lessor pooling approach will probably be
initiated later as the needs of this new area of intermodal containerization
expand.

In practice, an M-2 air container may be expected to turn over twice a
week, whereas ISO surface mode containers are turning over aproximately twice
a month. This 4 to 1 ratio ratio can produce air carrier revenues of a
magnitude of $20,000 monthly as opposed to surface carrier revenues of $20,000
yearly. Therefore, higher revenues as well as higher costs push the air
carrier to seek out shippers who want to "move the shipment” and not the
shipper who wants to "warehouse the shipment.” Container utilization is very
critical in these bypass systems of shipper-packed M-2 containers. An extra
day at the shipper and an extra day at the consignee will kill the ability to
turn the container over twice in one week.

Govermment Positions and Involvements: In August 1973, Robert Redding,
then Director of the DOT Office of Facilitation, said (ref. 43), "Secretary
Brinegar is today equally convinced that transportation should be viewed in an
intermodal sense, and should not be considered separately in terms of air,
highway, pipeline, rail or water transport ... through the combined efforts,
cooperation and coordination of all the elements of industry concerned, and
the govermment, the time will come when a cargo plane will take a load of big
intermodal containers and trailers, and deliver them to any place in the world
just as easy as a plane today can deliver to the Nashville Airport a box of
orchids from Honolulu." Also, "This is air cargo of tomorow. It is an indis-
pensible part of the true intermcdal movement of goods ... The challenge is to
make it happen without too much delay."”

Coincidentally, the time did come when, as a part of Project INTACT, a big
alrcraft did take a load of big 8 x 8.5 x 40-foot (2.44 x 2.6 x 12.2-meter)
intermodal containers and trailer and delivered them to the Nashville Airport
(ref. 13). The time was October 1975.

When the civil/commercial air cargo industry slowly courses its way
towards an intermodal system built around the M-2 Type B 20-foot (6.l-meter)
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container and the 747F aircraft, the U.S. Air Force points to an increased in-
termodal capability based upon the ability to handle and transport the more
numerous and available ISO marine intermodal containers. As previously
stated, the marine intermodal containers are indeed already carried on slave
pallets/platforms in rather 1imited quantities. Further large transport air-
craft study guidelines (CXX, ATIAS, Innovative Aircraft) have consistently
specified a capability for handling the ISO land-sea container - variously
sized from 8 x 8 x 20 feet (2.44 x 2,44 x 6.1-meter) to 8 x 9.5 x 40~-foot
(2.44 x 2.9 x 12.2-meters) ASD (Aeronautical Systems Division) of the Air
Force has published several technical reports (ref. 43 and 44) on the subject
of USAF cargo airlift and intermodal (ISO marine/land-sea) containerization,

An increased degree of commonality of requirements between the civil and
the military relative to future large transport aircraft has been espoused for
several years by leaders in both fields. An enlarged market base would afford
savings to all buyers. The goal remains, and current positions are perhaps
closer than ever before. However, such items as vehicular floors required by
the military rankle some of the civil carriers. Smaller differences such as
the "which intermodal container" difference can possibly be reconciled by con-
tinuing the slave pallet/platform handling concept for the loading and trans-
port of ISO land-sea container. Most civil carriers can be expected to carry
the heavy ISO marine container only on a heavy slave pallet in an emergency or
when under CRAF, Civil Reserve Air Fleet, recall (which is also an emergency) .
The military policy towards intermodal containerization would seem to proiect
an increased demand for the carriage of these containers - an increase to the
point of their carriage becoming routine, When, and if, their carriage be-
comes routine, it would appear that the ISo marine—container—on—-slave—pallet
transport scheme leaves much to be desired, and other loading concepts should
be considered. The problem of the apparent strength deficiency in IS0
land-sea containers for air load conditions must be resolved; it is entirely
unsatisfactory not only to have to restrain the box within the aircraft but
also to "reinforce" it. This container, of course, can be Operated with a
derated payload which will make its sides, front, and rear adequate. However,
there is no similar easy answer to the "up" restraint inadequacy.

The current generation of civil » wide-body aircraft are not configured (in
their present form) to promote intermodality. To date, air containers have
been optimized to the aircraft, and aircraft have been optimized to the passen—
ger. The DC-10, I~1011, and A-300 wide~body aircraft are insufficiently wide
to accept two side-by-side rows of M-2 containers. As a minimum, the upper
outboard edges of the containers must be scarfed. The 747F can accept M~2 con~
tainers in double-row fashion, but for 8.5-foot (2.6-meter) container heights,
the container must be similarly shaped as above for clearance.

Pertinent DOD direction and instruction (ref. 33 and 34), previously
mentioned, rather firmly state the military logistic-distribution needs are
deeply dependent upon and intertwined with international standardization and
intermodal containerization.
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The primary customer of the U.S. Air Force is the U.S. Army. The Air
Force itself is not highly motivated to containerization and especially not to
large containerization. However, they are pleased to serve thir customers
needs. No doubt the Army has plenty of containerizable cargo for contingency
situations. In the civil air sector, the primary inhibitor to the growth of
containerization to date is the insufficiency in volume of routine large truck
load/container load shipments where such large shipments both originate and
terminate from single parties. Military air is moving to containerization and
intermodality, but like the civil air cargo operates, this movement is slowed
because the customer has not yet tendered routine, large-volume containerized
cargo nor established an absolute hard-and-fast requirement for volume flows.

Case Study Results on Containerization and Intermodalism

Questions were posed in CLASS Case Study Shipper Books 1 and 3 and in the
Carrier Book which provide industry views on containerization, intermodality,
and related subjects. An Advanced Air Cargo System (AACS) was described for
the participants. The participants were requested to state their views regard-
ing the rate of containerization in influencing increased future use of air
shipments. This included: the advantages and disadvantages of air freight
containerization, the importance of intermodal capability, and opinions and
the size of present air mode containers. The results, and accompanying com-
ments, are presented in the following paragraphs. Not all participants sub-
mitted camments, but some returned more than one comment.

Container Size/Dimensions -~ Container size was the subject of more
comments than any other physical characteristic. The following list of
participants' comments indicate their desire for larger containers for air
cargo.

: NUMBER OF COMPANIES
COMMENT COUNT MAKING COMMENT

Maximum legally allowable
container dimensions 6 6

Containers larger than present

highway limits, 8 ft. (2.44 meters)

wide, 13.5 ft. (4.1 meters) high;

i.e., relax present limits. 3 3

Increased container dimensions
(not specified) 3 3

High cube, 8.5 ft. (2.6 meter)
or higher 7 7
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Containers of 45 feet (13;7 meters)
long, like some highway
van trailers. 6 6

Regular 40-foot (12.2-meter) long
dry van-sized containers. 7 7

Regular 20-foot (6.l-meter) long
dry van-sized containes 6 6

Containers within containers
or smaller modular container
to fit larger containers 5 5

Containers in 10-foot

(3.05-meter) lengths - 4 4
Container must accammodate

multiple full pallet loads 3 3
Standardization of container 2 2

Specialized high-cube con—

tainers to accommodate

shipments of 7-10 motor

vehicles ‘ 1 1

Miscellaneous camments
insufficient to conclude
a significant trend. 6 6

Over 70 percent of the comments about size specified that containers for
the AACS should be at least as large as 8 x 8 x 20-feet (2.44 x 2.44 x 6.1
meters). Over 50 percent desired 40-foot (12.2-meter) long or longer con-
tainers. Each comment on a particular subject was made by separate companies
as indicted in the above list under the column heading, "Number of Companies
Making Comment." As noted previously, some companies made comments on several
subjects related to container dimensions. In the comments tabulated above ; 24
companies provided the 59 separate comments. Twenty-one, or almost 90 per-—
cent, of the companies commented that they desire large containers for the
AACS.

Only a few comments could be braodly interpreted to show acceptance of
current air freight container physical features other than, perhaps, the M-2
container., Interestingly, several shippers emphasized that 8.5-foot
(2.6-meter) or higher containers provide a 50 percent increase in the product
units loaded, compared with 8-foot (2.44-meter) containers. The push for
increasing the size of future containers by so many shippers illustrates their
need for volume as they cube out containers in much the same manner as
freighter aircraft are cubed out before achieving payload weight limits.
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Several shippers spoke to 1l0-foot (3.05-meter) modular containers and/or
internal modularity.

Container Special Capabilities/Features: The majority of these comments
relate to requirements for refrigerated, insulated, heated, vibration- or
chatter-resistant, or heavy/concentrated load strength capabilities.
Thirty-four comments were provided by 19 companies. About one-third of the
comments indicate that 58 percent of the companies desire heat and/or
refrigeration, insulation or waterproofing. Temperature control capability
adds significant weight to the container as well as increased cost. These
features also sometimes reduce the cube available in the containers due to
insulation and equiment. Almost 15 percent of the comments indicated a need
for load restraint, load protection, or load isolation devices. Four specific
comments state that the container should be of sufficient strength to handle
heavy machinery parts and components of odd size and shape, American Airlines
M-2's will not.

Almost 40 percent of the comments relate to specialized requirements of
shippers such as internal floor conveyors, external fork lift fittings, bulk
loading/unloading capability, internal double decking, hydraulic lift tail
gates, security locks, and no roll-up doors. These comments are tabulated
below.,

COMMENT NO COF
(CONTAINER FEATURE DESIRED) COUNT COMPANIES COMMENTING

Protective Service (heat, refrigera-
tion, insulation, waterproof) 11 11

Load-restraint, load protection,
or load isolation 5

w

Sufficient strength to handle

heavy loads of odd size and shape 4 4
Rapid loading/unloading devices 3 3
Internal double-decking 2 2
Other specialized requirements - 9 6

- hydraulic tail gate lifts

- bulk . loading/unloading

- no roll-up doors

- floor conveyors

- fork lift fittings

- compatible with rail car rails
- removable climate control units
- door-to-door security
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Degree of Intermodality: Seventy-six percent of the companies commenting
on intermodality desire to see all-mode (air-sea-rail-truck) intermodality.
Thirteen percent feel that air-truck intermodality will be sufficient and
adequate. The comments and number of camparisons providing comments are shown
below:

NO. OF COMPANIES

COMMENTS COUNT' COMMENTING
All Modes 11 10
Air/Truck Only 2 2
Other 2 2

Other Physical Characteristics: The participants also provided comments
on the other desired physical characteristics listed below.

NO. OF COMPANIES

COMMENTS COUNT COMMENTING
Terminal facilities 9 7
Aircraft characteristics 8 7

Interface with shipping,
receiving, storage 7 7

Container mounting of
hauling ‘vehicle 4 4

The comments were made in response to a question that asked the participants
to indicate specific physical characteristics of the AACS that would be im-
portant to them. More companies (13) were interested in intermodality than in
other physical characteristics such as terminal facilities (7 companies), air-
craft characteristics {7 companies), interface with shipping, receiving,
storage or container mounting of hauling vehicles (4 companies).

Advantages and Disadvantages of Containerization: A series of questions
requested the participants to express their viewpoint based on their
experience as to the advantages and disadvantages of containers. The tabula-
tion of comments provided on the advantage is shown below.

NO. OF COMPANIES
COMMENT COUNT COMMENTING

Reduces Loss, Damage, Perishabilty 26 16

Reduces Physical Distribution Func-
tional Costs, Handling, Packaging
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Inventories, Labor ' 19 12
Reduces Transportation Costs 14 13
Improves Transportation Efficiency 11 9
Simplifies Transportation and

Distribution 7 6
Reduces Transit Time 7 7

The participants' comments on the disadvantages of containerization are
noted below,

NO. OF COMPANIES
COMMENTS COUNT COMMENTING

Equivalent Capacity, Convenience or
Utilization, Too Small, Difficult to

Handle, Odd Sizes 9 8
Equipment Unavailability 9 7
High Costs, Capital Investments 8 6

Limited Geographic Scope
Limited Origin — Destinations,
Required Secondary Feeder System 5 4

Container Utilization Constraints
Can't Achieve Weight Minimums 4 3

Equipment Features, No Tiedowns,
No Padding Condensaticn 3 2

Terminal Handling Problems
Marshalling Time, Storage Space,
Break Bulk Delays 3 3

Although the count of comments on advantages outweighs the disadvantages
two to one (84 to 41), it is more significant to note that many of the dis-
advantages relate to the fact that the available containers do not have  the
desired characteristics. For example, disadvantages cited most often, equip-
ment capacity convenience or utilization, relate to limitations cited by the
participants in the questions about desired characteristics or features of con-
tainers, not particularly to the disadvantages of containerization itself.

Opinion On Present Air Containers: The participants were asked to give
their opinion about the air cargo containers that are currently available,
The tabulation of their comments is shown below.

4-31



&

Opinion of Present Air Containers - Unfavorable:

NO. OF COMPANIES

OOMMENT QOUNT COMMENTING
Container Size and Shape 35 20
Other Physical Limitations, Weight
Limitations, Too Flimsy 7 3
Equipment Un-Availability 6 5
Limited Intermodality 3 3

Adverse opinions are predominantly directed at the size and shape of the
present air containers by shippers/consignees who routinely make and receive
large shipments. A typical large volume shipper commented: "We tried to use
present air carrier containers (igloos) but couldn't get a trucker to handle
them, couldn't get them high enough to our dock ..." Another stated: "It
would be an inhibiting factor for air freight if we needed to construct
special facilities to handle air containers. It would also reduce our produc—
tively ... and ... It would be an advantage to shippers if future air freight
containers could be dropped off at the shipper's dock on bogies so that
adequate packing and load generation can take place."

Opinion of Present Air Containers - Favorable: There were just eight
favorable responses spread over such factors as: less damage, excellent for
small package freight, and money saver in reduced packaging costs. The eight
camments were provided by six companies.

Importance of Fully Intermodal Containers for AACS: Participants were re-
quested to rate on a scale of =zero (urumportant) to 5 (essential) their
opinion of how important it is that future air system containers be fully
intermodal. The number of responses for each numerical ratlng of importance
is shown in Figure IV-4;; the average is 4.03. A comparison question asked
the participants to rate on the same scale, 0 to 5, the importance that con
tainerization procedures at shipper/consignee facilities be compatible with
surface-freight processing procedures. The number of responses for each
numerical rating for this question are shown in Figure IV-5; the average
rating for these responses is 4.13. The responding shippers here feels strong-
ly that the future air system should use intermodal containers which are fully
compatlble with surface-freight processing means and methods. Reduced handl-
ing time and cost, increased cargo protection, and need for unit load from
origin to destination were the main supportive citations. Figures IV-4 and
Iv-5 clearly shows the shippers' 1n51stence that fully intermodal containers
are essential and that they feel the air freight system should be compatible
with the surface system.

Company Position re Shipper vs Carrier Stuffing of Containers: The
opinion expressed by 63 percent of the companies is that shipper loading is
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either highly desirable or imperative. Eleven percent were neutral and eleven
percent favored carrier loading., Majority comments felt that shippers are
more familiar with proper handling and loading of their material, and best
utilization of alternative types of equipment. Shipper loading also helps to
ensure prompter dispatch of loaded containers.

Container Acquisition and Maintenance Costs

Due to the limited quantities produced of the new M-2 air containers, the
unit cost for the first few containers has been about $8500 to $9000, roughly
three to four  times the cost of 20-foot (6.l-meter) ISO marine containers. In
the following comparison between air and surface mode (marine) containers, the
quantities of air containers in a production run are obviously minimum in
scale campared with the large procurement quantities of the latter. Acquisi-
tion costs are in 1977 dollars.

20-Foot Length Acquisition Cost Service Avg. Maint.
Cost % Acqg,
Container $/Unit Life/Years
Cost/Year
Air (Type B) 8000 5 est 25% /year/9/
Marine - Alum. Alloy 3000-3200 10-15 4-7% /year
Marine - Steel 2200-2400 10-15 4-7% /year

A higher production run on air containers in same year dollars might
reduce this figure to $7000. Further reductions are unlikely, as the lighter
weight and higher strength materials and alloys will not result in a substan-
tial further decrease.

A nose-loading 747F can handle as many as thirteen M-2 containers, and
nine can be handled in a side loader. With a need for nine or more (ref. 32)
containers in the system for each in the air, one 747F aircraft could require
an inventory of from 80 to 120 containers at a cost of $650,000 to $1,000,000.
Costs like these both slow down the introduction of these containers, and
cause the carriers to look to lessors.

Surface mode container maintenance does not accrue on a container per year
basis but on a per/incident basis. Average cost/container/year as given are
based on the year's maintenance cost for a fleet of containers. These con-
tainers are generally long lived. Richard H., Finn of ICS, Integrated Con-
tainer System, says (ref. 45), "We're not scrapping a lot. We'd rather recon—
dition a container for $400 to $500 and keep it in the fleet for another eight
to 10 years." Another executive from the field said in 1977, "There are more
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than 1,500,000 cargo containers in use in the world at this time... It would
be reasonable to assume that as many as 105,000 containers are overdue for re-
tirement, which is only seven percent of the total number presently in service
... Now you can't find hide nor hair of a used container..."

Indirect Operating Costs (IOC's), which include the ground handling costs
for cargo, are addresed separately in Section V of this report. 1In that dis-
cussmn, a comparison is made between conventional air cargo system and inter—
modal air cargo systems, The former covers bulk and small, odd-shaped con-
tainer loads substantially involved with today's on—airport fac1llt1es, equip-
ment and manpower . The latter is for routine large shipments consolidated off
airport and requiring only an austere minimum of on-airport support for the
handllng of by-pass containers. In the cargo terminal discussion in Section I
covering current air cargo systems, additional data are provided relative to
containerization and related labor equipment and facilities costs.

Operational Aspects

Air cargo, is handled in many different fashions.

The type and levels of service, along with the rates, vary considerably.
Containerization is integral to the operation of some schemes but not others.
Table IV-4 is presented to show a spectrum of air cargo/air express handling
concepts. It is acknowledged that some concepts presented are simply append—
ages to the more basic systems, providing some form of specialized service.
Two of the three specialized parcel-handling schemes, the small package and
Federal Express, do not use any part of the regular air-carrier type of cargo
system. The contract charters may use equipment identical to that of a
scheduled air freight carrier, but they operate irregularly without cargo term—
inals and frequently from non-hub airports. A short description of each handl-
ing system is presented below to amplify the content of Table IV-4.

Small Package Expedited Dispatch Service - In this system the shipper
delivers the package dlrectly to the passenger check-in counter area, prepays
or charges the fee, and is assured the package will move out on the first
passenger aircraft to the particular destination. At destination, it is in-
cumbent upon the consignee to pick up his package at the passenger baggage
area after notification by the shipper. The service is rather analogous to
the package system provided by Greyhound and Trailways bus lines.

Federal Express - This premlum door-to-door small package service operates
entirely outside of the air carrier field. The system operates on a central
hub (Memphis, Tenn.) basis with all packages moving through the central hub.
Federal Express picks up the packages at one of 75 cities (in 1976), puts it
on their aircraft, flies it to Memphis, puts it through their hub terminal,
flies it to the destination city, puts it in a truck, and delivers it. The
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Air Freight
Pockege Hondling
System Description

Small Pockage
Excedited Dispatch
Service

Fedaral

Sxpress

Ups
8luelabel

Oriority
Air Freight

Air Freight
Forwarder

Daylight Rate
Freight

Conventional All-
Cargo Aircraft

Advenced {ntermoda!
Air Cargo

Charters

Package
Size Limit

Parcel

Packet er
Small Parcel

- Parcel

LD or Main
Deck ULD

LD or Main
Deck ULD

LD ULD

Main Deck
ULD

8x 8.5 or
Higher Lengths
to 40'

Aircraft
Compartment

Type of
Aircraft

Sched Pax
or Combi

Falcon Jets
& Other

Sched
Freighter

Sched Combi
or Freighter

Sched Combi
or Freighter

Sched Combi

Sched
Freighter

Sched
Freighter

Non-Sched
Freighter

TABLE IV-4
AIR CARGO/AIR FREIGHT SERVICE SYSTEMS

PURD
Included

No

Yes

No

Yes

Not by Carrier

Not by Carrier

Not by Caorrier

No

Pick-Up
Time of Day

NA

Daytime

Daytime

NA

Both Daytime
& Pickup ot
End of Dayshift
Daytime
Tendering Only

At End of
Day Shift

As Required

NA

Level of
Sarvice

Next Pax
Fit Out

Overnight
& 2nd Day

2nd Doy or
Later

Next Combi
Out

Conventional or
Daylight Overnight
or 2nd Day

2nd Day

Delivery

Overnight

Overnight

Special

Rates
Premium =

Air Parcel

Premium ~
Air Parcel

Premium ~
Air Parcel

Premium

Regular or
Discount

Discount
(Incentive)

Regular

Regular - VOL

Incentives

Negotiated

Container
By-Pass Term

NA

NA

No

Frequently

Somatimes

Sometimes

Always

NA

Remarks

Utilizes Air Carrier Baggage
System

Private Airline Using Central Hub
Distribution Concept

Air Parcel Post - Limited
Geographically

Must be Tendered X-Minutes
Prior to Flight

Level of Service Hurt Badly by
Shrinkage of All-Cargo Aircraft
Service

Born of the Excess Belly Copacity
in Wide-Body Bellies

Current All Freighter Service,
Generally 707, DC~8 or 747
Equipment

Future System With Undefined
Future Aircraft

Can be Performed by Scheds but
More Commonly by Non=Sched
(Supplementals)

IN ADDITION, THE U. S. POST OFFICE OFFER AN OVERNIGHT AIR PARCEL POST SERVICE TO/FROM A LIMITED NUMBER OF CITIES
AND POPULATION CENTERS. ALSO, THE U. S. MILITARY HAS SYSTEMS FOR CHANNEL TRAFFIC AS SPECIAL AIR MISSIONS AS WELL

AS CIVIL CONTRACTED LOGAIR AND QUICK TRANS.
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hub system essentially limits the total system to a single cargo terminal al-
though the operation serves many cities, Federal Bxpress does contemplate the
establishment of some supplementary hubs and is using some substantially
larger aircraft than the Falcon jets it started with, Because Federal
Operates its flights at night it can consistently serve all its markets 100
percent overnight. However, it now provides several grades of service, and a
special parts service as well, The air cargo forwarder has seen his ability
to serve many non-major hub airport cities diminish with the reduction in
flight frequencies, and especially in all-freighter aircraft (which flew at
night), This fact, plus the demise of Air Txpress, has fostered the growth of
Federal Express.

UPS "Bluelabel" - UPS makes this 2nd-day delivery service available be-
tween certain geographical areas. It uses its own existing pick-up and
delivery and processing hubs with the substitution of an air carrier for the
line haul in lieu of the normal surface movement, UPS consolidates most of
that which moves in container load lots. Package and shipment size are limit-
ed, but UPS uses the largest suitable ULD's in their shipping,

Priority Air Freight - This is an air carrier service provided hy some
carriers to expedite the handling of emergency freight much in the same manner
as that of the small package service., The shipment must be taken to the air
carrier on-airport freight terminal (in lieu of passenqger terminal) in ample
time to catch the next flight out. This is a premium service.

Air Freight Forwarder - The air freight forwarder is the major shipper
using air carrier services. The forwarder is the pick-up and delivery man and
consolidator for many small shippers, For those shipper-stuf fed containers,
the air carrier provides just the line-haul miles. Some air freight forward-
ers have contracted for substantial charter flight networks run at niqht,
These ton-miles are hought in an attempt to keep up the level of service to
points which have lost freichter service. Containers are stuffed very
efficiently, since the forwarder makes most of his money from taking multiple
shipments and consolidating them.

Daylight Rate Freight - The introduction of so many wide~bodied passenger
jets suddenly brought forth an excess of belly carqo capacity, Dayliaght rates
have been effected to provide incentives in the development of a market to
£ill these bellies. The freight is tendered to the carrier during "daylight"
hours (normal working day), and the carrier handles this freight in a
non-priority, second-day delivery fashion. The service is offered at a
discount and does not necessarily pay its own way. Guhstantially, all this
cargo is containerized in the LD family of containers,

Conventional All-Cargo - In this conventional or reqular air freiqght
system employing all-cargo aircraft (and some pax/belly comhis which fly at
night), the cargo is picked up and/or tendered at the end of the reqular work-
ing day, say between 5 and 8 P.m.  The freighters fly beainning at soretimes
after 10 p.m. and generally arrive before dawn. The high level of service
basically calls for availability at the air terminal dock by around 9 a,m. and
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delivery during the day. ULD's used in this service cover the whole air
family, but the emphasis is on the large main deck units, "A" containers or
LD-7, =11's for narrow-body main decks, and the M~1, and M-2 for wide-body
main decks. LD units are used in wide-body bellies. This service includes
that 747 service with 20-foot (6.l-meter) containers as performed by Seaboard
World, Lufthansa, American, and Air France. Rates are what must be called
regular or standard, meaning they are neither premium nor are they discounted.

Advanced Intermodal Air Cargo - This future system, for 1990 and beyond,
is described in the "white" case study book, furnished all case study partici-
pants, and entitled, "1990 Transportation Scenario and Advanced Intermodal Air
Cargo System Concept" (Appendix I-D). In brief, the system will use an
advanced-technology air freighter optimized for cargo carriage. The freighter
will serve major domestic and international trade routes, primarily on route
distances of 800 miles (1288 kilometers) or greater. The aircraft will
operate from regional cargo airport centers, which may be separated from
congested passenger airports. The system will provide mass air movements on
routine schedules consistent with the needs of large-volume shippers. The
system will be coordinated surface-to-air-to -surface operation. The motor
carrier industry will perform connecting services between air mode shippers as
well as connecting services with rail and water modes. The aircraft will have
full intermodal compatibility with the surface transportation segments. A
family of all mode ULD's will have been developed which are suitable for both
air and surface use. Those load devices will be interchangeable among all
modes and not captive to any mode. Surface carriers will have the option of
offering air service to their customers as a segment in a door-to-door through
movement both domestically and internationally.

Charter - Charter flights are contracted for by the aircraft load.
Charters are a mixed bag, as the cargo may be anything from animals to prefab
buildings to outsize machinery, and is not necessarily palletized or container-
ized. It is an irregular, non-scheduled type of air cargo business, and
"rates" is an inappropriate term, since charters are bid/negotiated as each
need arises. Both narrow-body and wide-body aircraft are used in this work.

Summary of Findings

Air containers come in many sizes and shapes. These containers are
generally built to maximize the use of the cube of the aircraft. ISO marine
containers are of rectangular shape and in sizes which maximize their
volumetric efficiency over the road. The over-the-road movement is the one
type of movement which provides connectivity between modes and which is common
to all cargo movements. Since most air containers are very inefficient for
use in ground transportation, they are'not used off-airport in ground trans-
portation.
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Economical ground handling and off-airport transport of large shipments of
air cargo is dependent upon containerization, The current non-intermodal
(on—airport utilization) air freight system is estimated (ref. 32) to require
four additional hours of airline labor and eight additional hours of truckman
labor (includes pick-up and delivery) when compared to the intermodal "bypass"
container airfreight system. The comparison addresses the implementation and
use of the 8 x 8 x 20-foot (2.44 x 2.44 X 6.l-meter) M-2 container.

The new M-2 air container is similar to the 20-foot (6.1-meter) ISO marine
container. All M-2 containers are flush bottomed for roller-conveyor compati-
bility. All ISO marine containers have non~flush bottoms with protruding
corner fittings and incrementally spaced Cross-members. The Type B M~2 con—
tainer has corner fittings compatible with the same lift/handling equipment as
the ISO marine container. Certain structural differences exist in the require—
ments for the two types of containers, but other than the bottamn differences,
the largest variance shows up in the tare weight comparison. The ISO marine
(surface mode) containers outweigh the current M-2 containers by a factor of
1.5 to 2,5,

Surface mode containers size trends lengths stabilized at approximately 60
percent (of the total) in 20-foot (6.1-meter) and 40 percent in 40-foot
(12.2-meter) length, Height trends show continuance on purchasing some
quantities of 9.6-foot (2.9-meter) containers in the 40-foot (12.2-meter)
length, Ninety- five percent of the 40-foot (12.2-meter) length containers
are 8.6-foot (2.6-meters) high or taller. 1In the 20-foot (6.1-meter) length,
where nearly all early procurement was of the 8-foot (2.44-meter) height, all
nNew procurement is for the taller 8.5-foot (2.6-meter) height, Growth in
width is requlatorily restrained, as in 1976 just four states allowed truck
trailer widths in excess of 8-feet (2.44-meters), Similarly heights above
9.5-feet (2.9-meters) are dependent upon lower-height (smaller wheel/tire
diameter) chassis as, again, heights greater than 13.5 feet (4.1-meters)
over-the-road are permitted in only four states.

The group of shippers and surface carriers represented in the CLASS case
studies were generally disparaging of the Present air containers, Complaints
were strong with expressions of distaste for size, shape, and incompatibility
with existing ground transportation equipment and manufacturer/shipper
facility. Some promise was given for the M-2 container, although one shipper
expressly stated it was too small. Concensus was expressed for large if not
very large containers of c'.eater than 8-foot (2.44-meter) heights and sizes -
up to "larger than today's highway limits," Compatibility with ground trans—
portation systems and shipper facilities is understood.

No comments were received concerning max weight capability limitations al-
though several shippers used case study commodities whose densities exceed the
design densities of both the air and surface (ISO marine) containers.
Essentially, intermodality in  the airfreight scheme involves a smoothly
operating system providing dock-to-dock delivery of intermodal containers any-
where in the world in two to three days. The technology needed to synthesize
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such a system is available as much can be borrowed from the surface trans-
portation industry. ;

Serious problems exist internationally with respect to a lack of decent
rate incentives for containers. Incongruously, it is often less expensive to
ship goods alone (loose), under specific commodity tariffs, than to contain-
erize under FAK container tariffs. Domestically, large containers which are
captive to the all-cargo aircraft are at a disadvantage to compete in some
markets with fully allocated costs against many promotional/by-product rates
such as daylight container rates.

Near-term developments which will aid in development and furtherment of
intermodal schemes are the increasingly high weight breaks for large,
king-sized shipments tendered in large, wide-body, main deck containers and
contract pricing for multiple containers and/or blocked space.

Air containers are three to four times as expensive as surface containers,
and they are expected to cost more to maintain and to have a shorter service
life. However, the air container will be more productive per unit time for
the air line-haul time versus surface line time. They cannot be expected to
have a advantage during ground transport and handling time, but due to their
higher cost, they are much less likely to be allowed to sit at shipper/con-
signee docks performing warehouse functions.

Containerization of shipper-stuffed loads in large intermodal containers
using austere: onairport handling and aircraft interface eguipment and
terminal bypass procedure can put freight servicing/IOC costs in perspective,
and provide a viable alternative for some shippers in the high in-terminal
handling costs reportedly running to half of the freight bill paid.

This report expresses  the result that the air cargo industry should be
responsive to the needs of the high volume shipper, and should engender as
much compatibility as possible with the surface mode container transportation
sytem which presently represents:

o Over 1.5 million containers

o Over 400,000 container cells on ships

o Vessels carrying 2000 TEU's at speeds in excess of 25K

o In-port turn-arounds measured in fractions of days

o} Advantages of use of pooled equipment

o Over-the-road suitability .

In containerization, and the related ramp and aircraft interface equipent,

progress certainly is not awaiting a technological breakthrough. The con-
tainer is, indeed, the key element in an intermodal freight system and in an
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advanced air cargo system but the real missing ingredient is the sufficiency
of routine large-volume shipments, with shipment volumes of a size to
originate container load shipments to single consignees. Much of the remain-
der of this report is directed toward this subject.
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V - AIR CARGO SYSTEMS ANALYSIS

Introduction

This section analyzes interdependencies between air cargo volume, air
cargo rates, costs of operations, service frequencies, and oOperator
profitability. Not all of these relationships consist of £first-order
interdependencies; second; third, and higher-order interdependencies can also
be found. While not all possible interdependencies are investigated in this
analysis, it is necessary to control all factors systematically so that the
analyses will not be contaminated by effects of interdependencies not under
investigation in the specific instance. :

The analytical tool used is a set of interrelated computer programs. The
methodology used varies from task to task, but these details are not
fundamental to understanding the systems analysis. Knowledge of the tool and
the inputs used in the analysis is, however, fundamental to understanding and
interpreting the results of the analysis. Therefore, descriptions -of the set
of computer programs and the scenarios on which these inputs are based are
provided under Methodology. Subsequent subsections reference that description
and explain the additional input and scenario changes that are made to
investigate the various other relationships.

Methodology

Air Cargo Analysis System - The analysis system shown in Figure V-1 is a
set Of computer programs that represent many of the interdependencies between
the parameters in air cargo operations. Information on candidate aircraft is
developed in a generalized aircraft sizing program. The Aircraft Cost and the
Direct Operating Cost programs provide the cost of manufacturing the aircraft
and the direct operating cost for the candidate aircraft, respectively, based
on the aircraft characteristics. The output of these programs and other data
are the input to the linear program that characterizes a representative air
cargo operation. The linear program provides the operating characteristics
that maximize airline operator earnings. That is, activities that represent
cargo airline operations combine the resources available for each specific
situation to produce maximum earnings. Each solution becomes a data point to
identify trends or sensitivities related to the particular interdependence
under investigation.

One of the essential inputs, as shown in Figure V-1, is the air cargo
demand, many of the interdependencies between elements in air cargo operations

are inherent in the factors that characterize the demand. First, for each
condition to be investigated, there is a specific volume or magnitude of
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demand for air cargo transportation between specific points, This requires
the development of a representative route system and forecasted volume of
demand. Another factor that characterizes the demand is the freguency of
service., The interdependency between frequency of service and demand volume
is represented by a frequency-demand function that can be varied between
boundaries. In addition to frequency of service, demand is interdependent
with the payload capacity available on the routes. There must be sufficient
aircraft capacity on each route to carry the demand; thus, a demand-capacity
function is included in the demand inputs.

The rates to be charged for transporting the cargo between the points on
the route network is also a factor in the demand function. The cost of
operatirg the aircraft on each route is subtracted from the total revenue
generated from transporting the cargo. The result is the earnings for that
specific route,

In summary, the air cargo demand function in the air cargo analysis system
shown in Figure V-1 consists of factors for volume, route network, frequency,
capacity, and revenue. :

The diagram in Figure V-1 has feedback to complete the loop analysis. The
feedback is shown by broken lines to indicate that the system is operated open
loop. That is, the adjustments to the input are not automatic; they are made
manually on the basis of the trends shown by the output. In open~loop
systems, the analysis proceeds in the following marner: A spectrum of inputs
is selected such as the demand spectrum described and a series of candidate
cycled several times to produce a series of outputs, These outputs are
analyzed to identify trends and salient characteristics. Changes to the in-
puts may then be selected to investigate more thoroughly or perhaps to "fine
tune" the system. The fundamental products are trends and sensitivities of
specific functions to changes in certain variables.

In the following paragraphs, the technical matters concerned with the
development of the spectrum of basic input data for the air cargo analysis
system are described.

Candidate Aircraft - The characteristics of the candidate aircraft that
were used on all the runs of the LP were determined by means of Lockheed's
Generalized Aircraft Sizing Program (GASP). GASP is a comprehensive program
for use in preliminary design and can provide much more detail information
than is necessary for this project. Two families of high-technology trans-
ports were identified as candidate aircraft for this project, one to service
the domestic network and a longer-range family to service the international
market. The families of aircraft were selected by specifying certain mission
requirements and establishing boundaries that, based on judgement, should have
wide enough range to include the forecasted demand under the various scenarios
for market growth that may be available. The prime mission parameters and the
characteristics of the families of domestic and international aircraft select-
ed are given in Table V-1lE, While a great deal of information is developed
about the candidate aircraft by the aircraft sizing computer program, the




TABLE V~-1E. AIRCRAFT CHARACTERISTICS

A/C Designation
DOMESTIC .

Payload, Lb

TOGW, Lb

OWE, Lb

Unit Engine Wt, Lb
Unit Engine Thrust, Lb

Number of Engines
Crew Size

Range, Mi

Cruise Speed, M,
Takeoff Dist., Ft

INTERNATIONAL
Payload, Lb

TOGW, Lb

OWE, Lb

Unit Engine Wt., Lb
Unit Engine Thrust, Lb.

Number of Engines
Crew Size

Range, Mi.

Cruise Speed, M.
Takeoff Distance, Ft.

71,000 125,000
242,640 377,999
101,237 149,347

2,382 3,929
17,041 26,485
4 4

3 3
3,450 - 3,450
.85 .85
8,000 8,000
1125

125,000

464,174

169,113

4,280

28,558

4

3

5,500

.85

10,000

D-220

220,000
583,937
212,213
6,415
40,791
4

3

3,450
.85
8,000

1-220
220,000
708,789
242,372

6,941

43,725

D-330
330,000
834,927
292,872

9,862
59,585
4

3
3,450
.85
8,000

1-330
330,000
1,012,078
343,746
10,134
62,353
4
3
5,500
.85
10,000



TABLE V-1M. AIRCRAFT CHARACTERISTICS

A/C Designation
DOMESTIC

Payload, Kg

TOGW, Kg

OWE, Kg

Unit Engine Wt, Kg
Unit Engine Thrust, Kg

Number of Engines
Crew Size

Range, Km

Cruise Speed, M.
Takeoff Dist. M

INTERNATIONAL
Payload, Kg
TOGW, Kg

OWE, Kg

Unit Engine Wt., Kg

Unit Engine Thrust, Kg
Number of Engines
Crew Size

Range, Km

Cruise Speed, M.

Takeoff Distance, m.

D-70
31,950
109,188
45,557
1,274
7,668
4
3
5,520
.85
2,400

D-125
56,250
170,099
67,155
1,768
11,018
4

3
5,520
.85
2,400

1-125
56,250
208,878
76,100
1,926
12,851
4
3
8,800
.85
3,000

D-220
99,000
262,771
95,495
2,886
18,356
4

3
5,520
.85
2,400

1-220
99,000
318,955
109,067
3,123
19,676
4
3
8,800
.85
3,000

D-330
148,500
375,717
131,792

4,438
26,813
4

3
5,520
.85
2,400

1-330
148,500
455,435
154,685

4,560
28,058
4

3
8,800
.85
3,000
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fundamental aircraft information required for costing is the size of the
aircraft and the level of technology. Another factor that affects aircraft
costs is the production break-even quantity used in the costing program. The
quantity of aircraft required to meet the market is a function of the size of
the aircraft and the frequency of service required so there is a relationship
between the aircraft payload and the quantity required to satisfy the air
cargce demand.

Direct Operating Cost (DOC) is also calculated in a computer program. The
calculations are based on the 1967 ATA method which was developed through the
cooperation of ILockheed, Boeing, and Douglas (McDonnell-Douglas) (ref. 2).

Direct Operating Cost Elements: The DOC cost elements described in Ref., 2
are listed below:

1. Flying Operations
a. Flight Crew Costs
b. Fuel and 0il

c. Hull Insurance Costs

2. Direct Maintenance - Flight Equipment
a. Labor - Airplane
b. Material - Airplane
c. . Labor - Engine
d. Material - Engine

e. Maintenance Burden

3. Depreciation - Flight Equipment
a. Total Aircraft Including Spares

Indirect Operating Costs (IOC) are a function of the aircraft type and the
cargo flows and are calculated by a method developed by Lockheed (ref. 3). A
canplete description of IOC is given in a subsequent paragraph where the
relationship between IOC elements and earnings will be evaluated. 1In the
analysis of the impact of air crago volume on airline operator profitability,
the IOC values used are representative of the scenario.
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Linear Program - The objective function of the LP (Linear Program) is to
maximize earings where earnings (E) are the revenues (R) for the
transportation of air cargo minus the costs (DOC + I0C):

E =R - (DOC + IOC)

The earnings are maximized subject to constraint: that are typical of airline
operations, for example, the number of flights of each type of aircraft into
and out of each city must be balanced. Also, the cargo flow cannot exceed the
payload or «cube capability offered. Other constraints involve the
frequency-demand function and the capacity-demand function. In effect these
functions operate to regulate the demand. That is, for each route there is a
certain maximum magnitude of demand in tons. The linear program must balance
the frequency of service offered and the aircraft capacity offered against the
specified frequency and capacity curves for each route. For example, if the
demand between two points is 100 tons (90 metric tons) and the specified
frequency function requires frequency of service of two or more, the LP must
allocate frequency of service so that the total frequency offered on the route
is equal to two or more, or the demand value of 100 tons {90 metric tons)
will, in effect, not be generated. If all other constraints in the program
are satisfied and the frequency for this particular route is only one, the
total demand for the route would be limited to less than 100 tons (90 metric
tons), with the exact value depending upon the frequency-demand curve input;
if a straight line segment from 0 to 2 is input, the value for a frequency of
one will be 50 tons (45 metric tons). The capacity-demand function constrains
the LP in a similar manner. Finally, the two demand functions, frequency and
capacity, are combined to determine the value actually used in the solution.

Scenario - Certain operating concepts for the 1990 air carge system were
given by NASA in the work statement; others were developed by Lockheed in the
1990 Transportation Scenario (Appendix I-D), and are the basis for the scenar—
io used in this study to analyze a typical air cargo operation. Specific de-
tails of the scenario elements are described in the following paragraphs. The
values of the parameters of this typical operation will be the input for the
optimization program described in the previous paragraph.

The elements of the scenario are shown in Figure V-2. In the following
paragraphs, each element is described, and the values or spectrum of values
necessary for the analysis of airline operator profitability in relation to
air cargo volume are specified for input into the linear program.

The magnitude of the air cargo demand, Figure V-2, for the domestic and
international route system described later is varied between the 1990 lower
boundary and the 1990 upper boundary in steps. The demand-frequency function
employed is a one-segment straight-line function varied from 1 to n as shown
in Figure V-3, where Dp equals the total available demand for the route. The
specified frequency, 1 to n, is the minimum that is required for the demand
Dp.  The frequency constraint is stated as: "greater than or equal to n,";
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therefore, the actual frequeﬁcy must equal n to cause Dy but may be higher as
hecessary to develop maximum earnings. Iesser frequencies may be selected,
but they cause lesser demand.

The use of this linear demand-frequency function results in a fixed
maximum demand that is present whenever the frequency requirement is met.
Thus, total demand on each route segment is not a function of frequency. That
is, increased frequency above the requirement will not increase the demand.
The actual frequency may be reduced below the frequency requirement by other
constraints in the linear program. For example, if the number of aircraft
into and out of all terminal points (cities) cannot be balanced (equal) with
the frequency on all segments equal to the requirement, the linear program
will balance the 'aircraft into and out of the terminal points with the
frequency on the least profitable route segment less than the requirement. If
the frequency on a route segment is less than the requirement, the demand will
be less than Dp and the solution will not have as much cargo as it would have
if all frequency requirements were met, The choice of the linear
frequency-demand function was made because the analysis of cargo airline
systems in this instance is fundamentally involved with only the technical
aspects of cargo airline operations, not the competitive supply-demand
relations. Thus, in this context, demand is an exogenous variable whose
purpose is to provide a range of operating levels for a typical airline from
which technical data such as optimum fleet mix, flight hours, and load factors
may be obtained. The operating level, that is, total tons of cargo carried
per day of the solution, is the variable for which the technical information
is pertinent, The fact that the operating level of the solution may be less
than the maximum possible tons per day available under other sets of
conditions is not an issue in the analysis.

Referring to the scenario shown in Figure V-2, alternatives for both
truck-load lots (TL) and less-than-truck-load lots (LTL) are included at the
origin and the destination. 1In the TIL case, containers are moved directly to
the airport. LTL shipments require consolidation. They are placed on dock by
the shipper, picked-up and consolidated into containers which are then moved
to the airport. Reciprocal activities on the delivery and complete the
door-to-door service covered by the scenario. The cost of consolidation and
break bulk in LTL operations is included in the indirect operating cost (I0C).

Various ways of analyzing these costs are covered completely in subsequent
paragraphs, which analyze the effect of changes in IOC. 1In the LP solutions
generated for this section, the analysis of expanded air cargo volume on
airline operator profitability, the IOC for specific aircraft are varied only
between the extremes of LTL and TL operations. As the volume of air cargo
operations is increased, it is probable that a greater portion of the cargo
will be TL; hence, the profitability effects of TL must be included in the
analysis,

The cost of pick-up delivery are calculated separately., In the LP, pick-
up and delivery costs would be added to both costs and revenue and they would
cancel out in the solution; hence, they are not included in the input data.
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Continuing the review of the scenario (Figure V-2) at the airport,
containers are loaded on the aircraft and unloaded at the delivery end with no
need for additional processing. The cost of this function is also included in
I0C. The remaining function in the scenario is the airline haul. The cost of
this function is the DOC and a portion of the IOC.

The scenario includes door-to-door operations; that is, the movement of
the shipments from the shipping dock at the origin, normally referred to as
the shipper's dock, to the receiving dock at the destination, also known as
the consignee's dock, is included in the scenario.

This scenario will be the framework for the canparison of freight rates
which is included in subsequent paragraphs. Two types of comparisons are
necessary. One is airport-to~airport which is used when only the airline
operator profitability is being analyzed. The other type of comparison is
door-to—door comparison. In this type of comparison, all the functions shown
in the scenario in Figure V-2 are included. Conventional air cargo tariffs
include only airport to airport transportation, To relate this to
door-to-door service requires that the cost of transporting the shipments to
and from the airport be added to the air tariffs, This can be a source of
confusion because there are many alternative means of transporting the
shipments to and from the airport; private carriage, professional pick-up and
delivery service, air freight forwarders, contract carriage, and truck rental
are commonly used alternatives. The movement at the origin may be
accomplished by a different method than at the destination, which adds another
variable. The real costs of all the alternatives may be reasonably equal, but
the out-of-pocket costs vary over a wide spectrum, and different users have
different gages for making choices between the alternatives. Air Cargo
Incorporated (ACI) is a professional air cargo pick-up and delivery (PU&D)
service. It is owned by the U.S. scheduled airlines and performs PU&D for the
airlines in over 450 cities. The ACI Directory lists the cost of PUsD in the
cities served by ACI. 1In this analysis, ACI costs are used for PUsD services.
The simple average of the ACI PU&D costs in the top 20 cities is used. Table
V-2 lists ACI's PUsD charges for five weight groups.

Another function in the scenario (Figure V-2) is the consolidation of LTL
shipments at the origin and the reverse process, called break-bulk, at the
destination. Like PU&D, there are 'several alternative methods for
accamplishing this function, and each method may have a characteristic cost.
In the 1990 scenario, it is accomplished off the airport. In conventional air
cargo operation, it is accomplished at the airport, and the cost is included
in the indirect operating cost (IOC). Therefore, in the intermodal scenario,
it is necessary to adjust the IOC either by including this off airport
operation or by deleting the cost of consolidation - break bulk from the IOC.
Both techniques are applicable, depending on the specific set of variables
under analysis. For this analysis, the specific technique used in each case
will be explained.
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City

Chicago
NYC (JFK)
Los Angeles
San Francisco
Atlanta
Miami
Detroit
Seattle

Boston

Dallas
Honolulu
Philadelphia
Newark
Denver
Minneapolis
Cleveland

Houston

San Juan P.R.

Laguandia

St. lLouis

Sample Avg.

TABLE V-2, ACI PU&D CHARGES

Minimum
Charge $

7.35
9.70
6.50
7.80
4.35
5.40
6.60

.70

.55

5

6

5.30
3.95
6.85
7.10
5.00
5.65
6.65
5.00
5.00
92.70
6.60
6.35

100 Ib

(145 kg)
$,/100 Ib
($145 ko)

3.
7.
3.
3.
.80

40
.60
.00
.95
.25
75
75
.60
.65
.40
.55
.95
15
.20
.00
.35

N N W NN

W N N LW N

W W NN

70
20
15
95

1000 1b
(450 kg)
$/100 Ib
($145 kg)

W N OGN

N N NN

.90
.25
.65
.70
.65
.20
.40
75
.80
.95

50
.60
.40
.50
.20
15
75
.00
25
.50
.90

2000 Ib
(500 kg)
$/100 Ib
($145 kg)

w NN N

N NN

.10
.00
.20
.45
.95
.10
.20
.55
.70
.85
.40
.50
.15
.40
.05
.75
.65
.90
.00
.10
.50

5000 Ib
(2250 kg)
$/100 Ib

($145 kg)

1.50
3.35
1.40
1.85
1.30
1.70
1.70
1.85
2.05
1.50

.85
1.90
2.30
1.85
1.55
1.95
1.40
1.60
3.35
1.25
1.80



Parametric System Sensitivity Analysis

Table V-3 presents the parametric variations selected to analyze those
relationships, which are discussed in detail below.

Effect of Expanded Air Cargo Volume on Airline Operator Profitability -
Airline operator profitability is subject to significant variation in the
short term because of economic conditions, traffic variations, transportation
strikes, and other factors. Only the transient profitability/volume
relationships are revealed in these variations. Long-term trends caused by
changes in equipment, rates, route structure, etc. cloud the profitability/
volume picture from cause and effect determinations. Thus, it is clear that
measures of past performance in both the short term and the long term are
inadequate to determine the relationship between expanded air cargo volume and
airline operators' profitability. Although currently some relaxation is being
experienced, historically, the industry operated in a regulatory environment.
Therefore, it is more appropriate to base the analysis on the possible results
defined by specific conditions and events rather than to attempt to analyze
the significance of past events. In this context, the airline operators'
potential profitability, given specific sets of conditions, based on the
projected 1990 environment, will be determined in this analysis. The
uncertainties present make it necessary to present the results as trends and
sensitivities over a range of values or between boundaries.

Airline Operators' Profitability Volume Relationships - This portion of
the —analysis investigates airline operators' potential profitability in
relation to expanded air cargo volume projected for 1990 given specific sets
of conditions. For the first set of conditions, there is a single type of
cargo aircraft serving a given route system whose demand increases from the
lower 1990 boundary to the upper boundary. The elements involved in this case
are shown in Figure V-4. The fundamental relationship between earnings
(profitability) and volume is established by this set of conditions. Only one
parameter, air cargo volume, is varied, and feedback is not considered in this
situation. Subsequent to this case, more variables will be included in the
analysis.

The 1990 demand spectrum described in Table V-4E is used. Computer runs
were made at six points; the 1990 minimum, the 1990 maximum, and increments of
0.2 of the difference between the minimum and the maximum.

The aircraft employed is designated D-70. It is a high~-technology,
71,000~pounds (3200-kg) payload aircraft having a gross weight of 242,640
(110,000-kg). This is one of the family of aircraft used in this analysis as
shown in Table V-1. Air cargo rates are based on the 1977 tariffs for general
camodities. The values for each route segment are derived from the linear re-
gression equations. The domestic route system previously described is used.
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TABLE V~4E. 1990 AIR CARGO DEMAND

Distance

Miles

2475
2475
2578
2578
1847
1979
1979

925

925
2079

509

740
. 740
1745
1745

509
2079
1397
1417
1417
1397

Demand Tons Per Day

MA Ml A +2A +4A +6A +.8A
392 22 370 9 170 244 318
1343 74 1269 328 582 835 1089
289 16 273 71 125 180 234
973 54 919 238 421 405 789
188 10 178 46 81 117 152
200 11 189 49 87 125 162
263 15 248 64 114 164 213
147 8 139 3 64 91 119
313 17 29 76 136 195 254
123 7 116 30 53 77 100
646 36 610 158 280 402 524
497 28 469 122 216 310 403
1930 107 1823 472 836 1200 1565
279 15 264 68 121 173 226
677 38 639 165 293 421 549
448 25 423 110 194 279 345
467 26 441 114 202 290 378
164 9 155 40 71 102 133
440 24 416 107 191 274 357
282 16 266 69 122 175 229
214 12 202 52 93 134 174
10,275 570 9705 2511 4452 6393 8333
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LAX - CHI
NYC - DTT
DTT - SFO
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fea

TABLE V-4M, - 1990 AIR CARGO DEMAND

Distance

Km

3960
3960
4125
4125
3000
3166
3166
1480
1480
3326
814
1184
1184
2792
2792

814

3326
2235
2267
2267
2235

Demand Metric Tons Per Day

MA

353
1209
260
876
169
180
237
132
282
11
581
447
1737
251
609
403
420
148
396
254
193

9248

MI

20
67
14
49

9
10
14

7
15

6
32
25
46
14
34
23
23

8

22

14
11

513

A
333
1142
246
827
160
170
223
125
267
105
549
422
1691
237
575
380
397
140
- 374
240
182

7861

T.ZA

87
295
63
213
41
44
59
32
68

27

142

107

384
61
149
99
102
36
97
62
47

2260

T4 T.6N FBA

153
524
112
379
73
78
103
57
122
48
1252
194
722
109
264
175
182
64
172
110
84

4006

220
752
162
544
105
112
148
82
175
69
361
278
1061
156
379
251
261
92
246
158
120

5753

286
980
211
710
137
146
192
107
229
20
471
363
1399
204
494
327
340
120
321
206
157

7500



The linear program output includes total revenue, Rp, obtained from
transporting the cargo, total cost Cp, and total earnings, Ep. The values of
these are shown in Figure V-5 as a function of alr cargo volume,

The average load factor obtained in these operations is shown in Fiqure
V-6. When demaind is low, most routes are served with a frequency of service
of one. That is, if one aircraft is allocated to most route segments, it will
satisfy the demand when the demand is low. Even so, many aircraft will not be
loaded to capacity. The resultant load factor reflects this condition. As
demand increases, the load factor increases and more aircraft must be
allocated to the routes, which is an increase in ‘frequency. The average
frequency for the routes when the total volume is 500 tons (450 metric tons)
per day is 1.38. Obviously, route segments with greater demand will require
greater frequency of service when there is only one size of aircraft offered.
A total demand for this route network is increased, at 7,350 tons (6,670
metric tons) per day, the average frequency of service is 9.8. The route with
the highest demand, Chicago-New York City, requires a frequency of 28.6 when
the total carried on the network is 7,350 tons (6,670 metric tons) per day.
The load factor increases rapidly with demand, Figure V-8, until the situation
is reached where demand is high enough so almost all flights are full. The
load factor in this case reaches 93 percent.

A measure of airline operator profitability that can be derived from the
LP output is earnings per ton, Ep, of cargo transported. The relationship of
earnings per ton and air cargo volume is plotted in Figure v-7. Total
earnings, Ep (Figure V-5), are almost linear. Earnings per ton (Figure V=7),
which are derived from Ep, would be a constant, insensitive to volume, except
for the fact that the total earnings curve does not pass through the origin.
There is a finite cost of operating the aircraft with no payload, and with no
revenue, the total earnings are negative with zero air cargo volume, as shown
by the dotted lines in Figure V-5, This situation gives rise to the
Characteristic shape of the earnings per ton curve, Figure 7.

No analysis was done below 570 tons (513 metric tons) per day. If this
had been done then logically there would have been a very rapid drop in
earnings, as shown by the dotted lines in Figure V-7,

Characteristics of Optimization Analysis — One characteristic of this type
of analysis 1is that the value of the output such as earnings and the
derivative, earnings per ton, for example, are much higher than would be
expected in actual operations. This is because the model operates in an
unregulated environment and simply does not fly any route that does not
- increase overall profit. Additionally, the model does not include many costs
or losses of revenue that result from off-optimum operation. For example, the
linear program does not reflect the cost of providing the equipment necessary
to cope with the day-to-day fluctuation in demand which occurs in reality.
The resources allocated to a specific problem in the LP are exactly the amount
required to obtain maximum earnings. The cost of operational inefficiencies
associated with routing and scheduling are not included in the optimum
analyses. In the LP, the number of each type of aircraft into and out of each
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city must be balanced; however, aircraft are originated at any city to maxi-
mize earnings for each problem. Most airline operators cannot change aircraft
basing as demand fluctuates. Another factor that is not treated in the opti-
mum analysis is losses due to reasons such as uncollected charqges, special
rates, and the cost of promotional activities other than the INC allocation
for advertising and publicity. There are many reasons for not including these
and other similar factors to the LP; including off-optimum constraints and
limits that can obscure the relationships being investigated, often in a
secondary or undefined manner; also credible sources of data for these factors
are not available,

The optimization process provides data for preliminary assessment of the
relationships that are being investigated. The values obtained from the
optimum solutions are the potential available from optimum operations and not
those expected from off-optimum, actual conditions. HModifications could be
introduced to the optimum analysis to account for real-world inefficiencies
but in addition to the increased data processing effort, there would be a
danger of misinterpretation of the data. For these reasons, the optimized
data directly from the LP will be presented,

Expansion of the Profitability-Volume Relationship - The fundamental
relationship revealed in Figure V-7 is now expanded by including additional
variables in the solution. In the previous solution, only one size aircraft
was applied to the route system. 1In the following solutions, a spectrum nf
aircraft sizes will be offered and the LP will find the mix that provides
maximum earnings. The four aircraft that have characteristics described in
Table V-1 are substituted into the "aircraft" block of Fiqure V-4.

The results of a series of LP runs with these four aircraft are shown in
the following figures, it is noted that the earnings per ton (Fiqure V-8
solid line) is higher when the optimum fleet mix is selected than in the pre--
vious case example when only one size of aircraft was used, the P70 (Fiqure
V-8 dashed line). HMHere again, no analyses were accomplished below 570 tons
(513 Metric tons) per day. A point check indicated that logically the results
would be as shown by the dotted lines beliw 570 tons (513 metric tons) per
day. The optimum fleet mix curve in Figure 10 shows the results of beinqg able
to select the best combination of aircraft for best earnings as the market
share grows.

The Importance of Rates and Service on AACS Requirements - The aircraft
requirerents most affected by rates and service is the payload. The payload
affects the frequency-demand relationship and the price-demand function. The
frequency-demand relationship and price-elasticity of demand are
interdependent. For a given total demand, however, the two functions have
opposite effects on aircraft payload requirements. Demand seqgments that arc
sensitive to frequency of service establishe requirements for greater numbers
of smaller payload aircraft. Demand segments that are sensitive to reduce
freight rates emphasize the requirements for fewer, more economical, larqer
payload aircraft. A compromise must be recached where the breakeven load
factor is low enough to permit reasonable frequency of service but larme
enough to allow the rates to take advantage of the price-elasticity of demand.
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Such a compromise is made more difficult by the fact that the volume of demand
on each route segment is different. In the following analysis, the relation-
ship of each type of demand to aircraft requirements will be presented separ-
ately. The integration of both effects will be discussed in later subsec—
tions.

Effect of Rate Changes on Earnings/Volume Relationships - The fundamental
airline operator's profitability/volume Interdependency discussed in the
previous section was pased on current (1977) air cargo rates. This subsection
will address the importance of rate changes on the market and the effects on
profitability and growth or volume of demand. Referring to Figure V-4, the
"air cargo rates" block shows two outputs. One denotes that rates have an
effect on demand; presumably, the price-elasticity of demand will cause the
demand to change as a function of rates. The other output, which feeds the
route system, affects revenue. Assuming that air cargo demand is independent
of rates, as shown in the simplified diagram of Figure V-9, three series of
computer runs were made with the rates changed in discrete steps: 15 per-
cent, 30 percent, and 45 percent below the 1977 level. The results of these
runs are shown in Figure V-10. ~

Analysis of Rate-Sensitive Demand - The simplistic diagram of the air
cargo analysis (Figure V-1) does not describe the higher-order
interdependencies  involved in the more complex vrelationships to be
investigated in connection with demand sensitivity to rates and service. In
Figure V-11, the details of the demand function are included. The air cargo
demand based on the forecast for 1990 is applied to a typical route system as
previously described. Each segment in the route system is operated on by the
three inter-related demand functions: magnitude, frequency, and capacity.
These requirements are reconciled by the linear program. Air cargo rates were
varied independently of demand in the previous analysis of the fundamental
relationship between rate changes and airline operators' potential
profitability.  In this analysis, the more complex relationship involving
demand and earnings in relation to changes in rates will be investigated.
Thus, referring to Figure V-11, earnings has a first-order interdependency on
rates through the LP and higher orders of  interdependency through the demand
functions and the LP. Most computer runs are made in series, where only one
variable is changed through its entire feasible or selected range. Therefore,
this analysis is based on selecting specific runs from different series to
acquire the desired data. This brings up the problem of developing the proper
basis for selecting the data runs. Price-elasticity of demand is the primary
econcnic indicator that is the basis used in this analysis.

Price Elasticity of Demand - The price elasticity of demand, which is the
percentage change in the quantity of air cargo demanded divided by the
percentage change in the price or rates, can be developed from Figure III-12
in Section III. Table V-5 contains the demand values obtained from the curve
in Figure III-12 for yield reductions of 0 percent, -15 percent, =30 percent,
and -45 percent from 1977 values. Table V-5 also shows the associated yield
reduction starting from a current (1977) value of 30 cents per ton/mile (21
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PRICE (YIELD) DEMAND
MILLIONS
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cents per metric ton/kilome‘ter), although any other value will provide the
same results in the elasticity calculations.

The price elasticity of demand is calculated by the following equations;
for example, between any two points (P1) and (Py) the price elasticity E is:

X2—Xl

X+Xl

H-oy

Yl+Y2

Where X = Demand

Y = Price

Nommally, elasticity is characterized into five categories: (1) perfectly
elastic, where E = infinity; (2) relatively elastic, E greater than one; (3)
unit elasticity, E = 1; (4) relatively inelastic, E = less than 1, and (5)
perfectly inelastic, E = 0. This classification system is normally adequate
to evaluate the price-demand relationship without reference to or analysis of
the specific values of E. From the analysis of Section III and the data of
Table V-6, the demand should remain elastic through 1990, With the
development of the above price-elasticity of demand selected runs can be made
to describe the long-term earnings-rates relationship. Total earnings, Ep,
for four series of LP runs are plotted in Figure V-12 as a function of air
cargo volume. Each curve is the total potential earnings as air cargo volume
is varied. Other parameters are held constant. Fach series consists of six
runs with the air cargo volume varied as described in Table V-4, The point on
each curve in Figure V-12 at which the specific rates are effective is found
from data in Table V-5,

The total annual air freight traffic in millions of tons is translated to
the daily tons for a representative airline by a factor that includes 250 days
per vear operation and 7 percent of the total traffic as described in the
section on development of the route system for the LP. The daily cargo volume
for the representative airline is shown in the right-hand column of Table V-6,
The values thus obtained are now identified on the appropriate curves of
Figure V-12.

Based on the projected price-demand relationship derived from the Case
Studies, airline operator's marginal earnings remain positive with rate
reductions up to 45 percent, As shown in Figure V-12, total earnings as a
function of air cargo wolume, or demand, were obtained from the composite runs
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TABLE V-6. REVENUE AND TRAFFIC

REVENUE AIR FREIGHT TRAFFIC
REPRESENTATIVE
BASIS VALUE ANNUAL TOTAL AIRLINE
¢ PER MILLION  TONS  METRIC
METRIC  MILLION  METRIC PER  TONS
¢PERTSM TONKM  TONS TONS DAY  PER DAY
1977 RATES 30 21 1.2 1.1 324 312
-15% 26 18 1.9 1.7 545 494
~30% 21 15 3.6 3.3 1032 936
-45% 17 1 8.0 7.3 2294 2080

A
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for four sets of conditions: 1977 air cargo rates and three reductions (-15,
-30, and -45 percent) shown by the straight lines. On each earnings line the
potential volume of cargo corresponding to the price-elasticity of demand is
identified. In other words, for each price, 1977 rates, -15, =30, and =45
percent from 1977 rates, there is a specific potential volume of cargo demand.
The curve that connects these four points is the airlines' total earnings with
increasing volume. = The slope of this curve is the marginal earnings or mar—
inal profitability, i.e., how much profit was provided by the last ton of car-
go. At some point, increased volume will not produce increased earnings; the
marginal profitability at that point is zero, Beyond that point, operating
cost would have to be reduced to retain positive marginal profitability.

Analysis of Service Sensitive Demand - In the initial description of the
air ~cargo demand, it was noted that there are three separate but
interdependent functions: magnitude of demand, frequency of service, and
aircraft capacity offered on each route. These three functions are shown in
Figure V-11. Actually, only two of the functions are effective in this
analysis because the inputs to the capacity function are adjusted so that
capacity offered will never be limiting. The frequency function will always
be controlling. Therefore, the two active demand functions are magnitude and
frequency. For the analysis of frequency effects, air cargo rates will be
held constant. In the simple, linear, demand-frequency effects, air cargo
rates will be held constant, In the simple, linear, demand-frequency function
(Figure V-3), the frequency is the minimum frequency required for the total
demand Dp. In the optimized solution, the LP may allocate frequencies greater
than one if necessary to maximize earnings.

The results of three series of computer runs with different frequency
requirements are shown in Figure V-13. Two series of runs were made with
constant frequencies, £ = 1 and £ = 5, for all route segments, regardless of
the magnitude of the demand; one series of runs was made with the frequency
requirement on each route segment proportional to the demand. Comparing the
two constant frequency runs, the earnings per ton are less for £ = 5 than for
f = 1, because with a given fixed demand on each route segment, the cost per
ton will be higher if the minimum number of trips required for all segments is
5 than if the minimum number of trips is 1. The higher costs will be
reflected in lower earnings per ton as shown in Figure V-13. When the
frequency requirement on each route segment was made proportional to the
magnitude of the demand (Table V-7), the results shown by the dashed line in
Figure V-13 were obtained. Comparing this curve with the constant frequency
curves, it is noted that, for a given level of operations, the earnings per
ton are higher for the proportional frequency requiremert than for the
constant frequency requirement.

More detailed examination of the solutions for this series of runs reveals
‘that, for this requirement, the more profitable cargo is retained, but cargo
of lower profitability is eliminated by the aircraft balancing eguations. In
real-world airline operations, the function of aircraft balancing is performed
in the scheduling operations which must include many additional factors not
included in MACRO. Factors in addition to frequency of service, such as,
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Fial

departure times, bases for aircraft and crews, and maintenance activity must
be considered in developing an operating airline schedule.

The indication provided by the series of runs with the proportional
frequency requirement, which is more realistic than the constant frequency
requirement, is that demand that is sensitive to frequency of service will not
have a serious detrimental effect on profitability when combined with the
other scheduling requirements.

Effect of Direct and Indirect Operating Cost

The effect of changes in direct operating cost (DOC) and in indirect
operating cost (IOC) on airline operator profitability is discussed in the
following paragraphs.

pDirect Operating Cost - The level of aircraft technology plays an
important part in the direct operating cost. This dependency is shown by
expanding the air cargo analysis system previously described in Figures V-1
and V=11 to include more details relating to the aircraft. This expansion is
shown in Figure V=14, 1In the following paragraphs, the development of the DOC
is discussed, and the effect of changes in DOC on airline operator potential
profitability is analyzed.

Direct Operating Cost Calculation - The direct operating cost of the
aircratft are calculated by the methodology of ref. 2. all input factors, such
as wage rates and fuel cost are based on 1977 costs. The DOC of each aircraft
for the route segment in the typical route network are calculated in a
computer program. The results of these calculations for the family of
domestic aircraft are shown in Figure V-15. Direct operating costs consist of
the three categories listed below:

1. Flying operations
Flight crew costs
Fuel and oil

Hull insurance

2. Direct Maintenance - Flight Equipment
Labor - aircraft and engines
Material - aircraft and engines

Maintenance burden
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3. Depreciation - Flight Equipment (Aircraft and Spares)
Airplane cost
Annual utilization

Some of the cost elements are functions of maximum takeoff gross weight, some
are functions of the total aircraft cost and some elements such as fuel are
related to distance flown. The distribution of the total DOC between the cost
elements can be instrumental in more clearly demonstrating the relationship
between the cost elements. In Table V-8, the distribution of DOC between the
cost elements is shown for short distances, (500 miles/800 kilometers) and for
long distances (2500 miles/4000 kilometers). The smallest and largest of the
domestic aircraft are included in Table V-8, the D-70, and the D-330. 'The
other domestic aircraft would display distribution of costs between those
extremes.

The following example of a change in the price of one of the DOC elements
is used to evaluate the sensitivity of operator potential profitability to
DOC. The cost of fuel and oil, which constitutes 22 percent to 32 percent of
the DOC for the aircraft used in this analysis, was changed for two series of
ILP runs. In the first series of runs, the cost of fuel was increased 50
percent; in the second series, the cost was doubled. The earnings per ton
effect is shown in Figure V-16. A fleet mix of D~-70 and D-330 aircrat was
used. The relationship of fuel cost to earnings is used to construct
boundaries for sensitivity of percent change in earnings per ton to percent
change in DOC. Boundaries are necessary rather than a single sensitivity
curve because the sensitivity is a function of both route segment distance and
volume of demand. After the boundaries are determined, some generalizations
can be made on DOC effects. Table V-9 shows the POC for the D-70 and D-330
aircraft for two route segments. A long distance segment NYC-LAX and a short
segment, NYC-CHI. The percentage change in DOC from the 1977 baseline values
is also shown in the table.

The data in Table V-10 which were taken from Figure V-16 are combined with
the data in Table V-9 to quantify the sensitivity of the profitability-DOC
relationship shown in Figure V-17. Figure V-18 shows an identical set of

curves for the D-330 aircraft. From these curves, the following
generalizations can be made: As the air cargo industry matures and demand
increases, profitability tends to be less sensitive to DOC. Potential

profitability on the longer route systems, characteristic of the intermodal
concept, is less sensitive to changes in DOC than the short route systems. A
composite of Figures V-17 and V-18 can be constructed to show that the
higher-payload aircraft is less sensitive to changes in DOC than the
lower-payload aircraft. The DOC for each aircraft in the high-technology
domestic family of aircraft at 2500 miles, from Figure V-15, is shown in
Figure Vv-19. A similar curve of current-technology aircraft DOC's is also
shown in Figure V-19. Figure V-19 indicates that advanced technology aircraft
provide a 15 to 20 percent reduction in DOC over that of current technology
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TABLE V-8, DISTRIBUTION OF DIRECT OPERATING COST

Flying Operations
Crew
Fuel & Oil
Hull lnsurance
Direct Maintenance

Depreciation

Flying Operations
Crew
Fuel & Oil
Hull Insurance
Direct Maintenance

Depreciation

Short Distance (500 miles/800 Km)

L-70 L-330
% %
43 . 40,4
17.6 8.8
22,2 8.8

3.4 3.6
130.1 30. 4
26.7 29.2

Long Distance (2500 miles/4000 Km)

48.3 45.9
18.5 2.3
26.3 32.8
3.5 3.8
23.6 23.6
28.1 30.5
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Route

NYC-LAX

NYC-CHi

&

DOC
1977
A/C Fuel Cost
$
D-70 7,959

D-330 19,089

D-70 2,929

D-330 7,006

DOC
Fuel
+ 50%
$
9,004

22,217

3,254

7,985

TABLE V-9. DIRECT OPERATING COST DISTRIBUTION

DOC
DOC Fuel
Ingease + 100%
% $

13.13 10,049

16.39 25,346
11.1 3,579
14.0 8,964

DOC
| ncrease
%
26.26

32.78

22.19

27.95
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TABLE V-10, PERCENT CHANGE IN EARNINGS PER TON
WITH FUEL COST INCREASES

Earnings Earnings Earnings

Per Per Per

Air Cargo Ton Ton Ton

Volume Metric 1977 Fuel Fuel
Tons/Day  Tons/Day  Fuel Cost +50% Change +100% Change

$ $ % $ %
550 499 264 256 3.03 230 12.9

7300 6623 393 390 0.76 376 4,33
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aircraft. The salient characteristics of the current technology aircraft are
listed in Table V-11.

Effects of Reduced  Indirect Operating Cost

A significant part of the cost of air cargo operations are classified as
Indirect Operating Costs (IOC). These costs are associated with the ground
operations, i.e., preparing the aircraft for flight (except maintenance). For
air cargo operations, the costs of cargo traffic servicing at the airport are
included in the IoC. In the following paragraphs, the elements of IOC are
defined, the reduced costs associated with improved intermodal ground
operations are described, and a comparison of the effects of conventional IOC

and intermodal IOC on system operations is presented.

Indirect Operating Cost Calculation - The indirect operating expense
functions established by the U.S. Civil Aeronautics Board in its "Uniform
System of Accounts and Reports for Certified Air Carriers" are in the
following categories:

o Direct Maintenance - ground property and equipment

o Applied Maintenance Burden - ground property and equipment

o Passenger service

o Aircraft servicing

o Traffic servicing

o Service administration

o Reservations and sales

o Advertising and publicity

o0 General and administrative

o  Depreciation and amortization - ground property and equipment
There is no officially recognized standard method for calculating the I0C
comparable to the standard method for calculating the DOC, ref. 2. A
technique that is commonly used is one developed by Lockheed several years ago
that treats each CAB designated cost element separately. This method is a
sound basis for comparative analysis and is used in this analysis. In this
method, the CAB designated elements are grouped according to the parameter

that they are functions of. For example, Group A, Maintenance - Ground
Property and Equipment, (GP&E) Aircraft Servicing and Depreciation (GP&D) have
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TABLE V-11. CURRENT TECHNOLOGY AIRCRAFT

Max TOGW, Lb
Kg

Max Payload, Lb
Kg

Aircraft Cost 1977 $

Single Engine Cost 1977%

Typical of
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AIRCRAFT DESIGNATION

L1 L2 L3
770,000 450,000 330,000
350,000 204,000 150, 000
220,000 150,000 100, 000
100, 000 68,000 45,000
38.3M 30M 16M

1.5M 1.75M 625,000
C-5/747 L-1011/DC-10 DC8/707
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been found to be a function of the product of the number of aircraft depar-
tures and the maximum takeoff weight., The IOC expense grouping for all-cargo
operations is given below:

Expense Parameter
Group A
A Maintenance - Ground Property
~and Equipment -
A, Aircraft Servicing (less Aircraft Departures x Maximum
Aircraft Control) Takeoff Weight
Aq Depreciation and Amortiza-
tion - Ground Property and
Equipment
Group E  Aircraft Servicing (Aircraft Number of Departures
Control)
Group G
GC Cargo Traffic Sexrvicing Tons of freight, mail and express
' enplaned, measured in terms of
shipment weight and number of
pieces
Groule Revenue freight tomr-miles includ-
ing effect of shipment weight
Hy Reservations and Sales
Hp Advertising and Publicity
Group J General and Administrative Indirect operating expense

With this system, simple formulas and coefficients determined from the CAB
reports are used to campute IOC for conventional all—canya operations, In
this report, this is termed "conventional" IOC because it is derived from the
current operations, and the costs thus calculated represent actual experience
and cost allocations reported by the airlines to the CAB. It represents the
conventional way of doing business by the airlines reporting to the CAB.

Improved Ground Operatlons - The scenario elements for intermodal air
cargo operatlons described in Figure V-2 are different from conventional air
cargo opewations. Some of the intermodal functions are new, such as container
delivery ang pick-up in TL operations. Also, the locations where some of the
functions are performed are different for the two modes; for example, the
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consolidation-break bulk functions are generally performed on the airport in
conventional operations, but they are performed off--airport in the intermodal
scenario. Because of the different scenarios, it is desirable to refine the
IOC calculations for conventional operations to more accurately reflect the
intermodal scenario. The cost of many of the CAB designated IOC elements will
be affected by the improved ground operations in the intermodal scenario.

Maintenance - GP&E and Maintenance Burden and Depreciation - These
functions include expenses related to the repair and maintenance of ground
property and equipment. They also include the cost of maintenance material.
Intermodal air cargo service will require only container handling equipment
and property at the airport. Direct Maintenance of the <cargo handling
equipment and property for intermodal operations will be less costly than
maintenance of conventional cargo handling equipment for processing individual
shipments.

The cost of Aircraft Servicing and Aircraft Control functions will be the
same for beth conventional and intermodal operations.

Cargo Traffic Servicing and Servicing Administration comprises all cargo
handling expense, including labor and administration pertaining to cargo
handling. Intermodal service has a significant effect on this function
because on-airport handling of individual shipments is eliminated in inter-
modal service. On-airport container handling and aircraft loading/unloading
are substituted for this function in the IOC calculations. Hardling of
individual shipments becomes part of the pick-up and delivery operations in
intermodal service as shown in the scenario, Figure V-2. TI0C for intermodal
operations include only the cost of handling containers at the airport and
loading and unloading the containers into and out of the aircraft.

The detail work of Reservations and Sales required in intermodal air cargo
operations will be reduced considerably compared with conventional service,
because of the smaller number of units (containers) per aircraft load in
relation to the number of shipments in conventional service. While the cost
of this function probably cannot be reduced in proportion to number of
containers vs. the number of shipments, a considerable reduction in cost is
feasible,

The cost of Advertising and Publicity is determined to a large extent by
campetitive circumstances and managerial policy. It is assumed there will be
no difference in the cost of these functions between conventional and
intermodal operations.

General and Administrative costs are computed as a percentage of IOC less
G&A in both coventional and intermodal service. ,

The basic method for computing conventional IOC based on the CAB reports
is used to compute the intermodal IOC. Adjustments because of the different
scenarios are made on the basis of estimated costs for each activity. The
costs thus generated are used in the LP runs.
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Conparison of Conventional and Intermodal IOC — Three sets of runs were
made to evaluate the effect on operator potential profitability of the
difference between conventional and intermodal air cargo service. The size of
the shipment is one other factor that must be considered when comparing conven-—
tional air cargo operations with intermodal operations. The average shipment
size reported in domestic operations in 1976 was 282 pounds (128 kg), whereas
it is expected that intermodal operations will attract larger shipments in
which average size would be upwards of 1000 pounds (454 kg). A three-way
camparison has been made involving (1) conventional operations with existing
average shipment sizes 282 pounds (128 kg), (2) conventional operations with
intermodal size shipments 1000 pounds (454 kg), and (3) intermodal operations.
Comparison of total earnings, Ep, for these three types of operations is shown
in PFigure V-20. This comparison addresses only airport-~to-airport operations
because this is considered to be most meaningful in terms of aircraft operator
profitability. The scenario, Figure V-2, does not address the questions of
ownership or who profits from the various functions. : The aircraft operator's
profitability certainly results from' aircraft operations and logically from
some on-airport operations. Therefore, it seems reasonable to base aircraft
operator-profitability on airport-to-airport operations. From Figure V-20, we
see that earnings increase when 1000-pound (454 kg) shipments are imposed on
the conventional system. The intermodal system has the highest earning
potential.

Comparison of Current and Advanced Aircraft DOC

The two previous sections examined the effects of changes in DOC and IOC, and
this section examines their combined eftects to provide a comparison of
current and advanced, intermodal systems. To do this the LP model is run
using only one aircraft at a time. The 747 1is used as representing the
current technology; the D-220 represents advanced technology.

Airport-to-Airport Comparisons - Comparison of total earnings for the
three options of technology, operations and shipment sizes are shown in Figure
V-21. The three horizontal bars across the bottom describe the three systems
being compared. Similar comparisons of cost are contained in Figure V-22.
Comparison of the left and center bars in Figure V-22 indicates a 20 percent
reduction in airport-to-airport costs due to advanced technology and large
shipment sizes., - Comparison of the center and right bars shows additional 15
percent savings due to intermodal operations. Costs in the LP and on Figure
V-22 are divided into two categories: aircraft costs, and traffic costs.
Alrcraft costs include the DGC and all of the elements of I0OC except those
related to cargo handling, namely: Cargo Traffic Servicing, Reservations and
Sales, and Advertising and Publicity.

Door-to-Door Comparisons - As noted above, consideration of airport-to-
airport operations is appropriate in the analysis of aircraft operator profit-
ability. However, the shipper makes the crucial modal decisions based on
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Joor-to-door costs. These costs are presented in Figure V-23 in a comparative
analysis by taking the airport-to-airport costs of the operator profitability
analysis and adding the necessary costs to complete the door-to-door scenario
in Figure V-2. The costs for the three operations in Figure V-22 have been
determined for a payload of 4763 tons (4287 metric tons) per day. The average
daily cost per ton is, therefore, $175 (5193 per metric ton) $149 ($164 per
metric ton) and $122 ($134 per metric ton) for conventional current
technology, conventional high-technology, and intermodal high-technology,
respectively. The costs do not include air operators' profit. In this
comparative analysis, it 1is not necessary to include this item in
airport-to-airport cost. ‘

In conventional operations the pick-up and delivery cost for average
shipment sizes, less than 1000 pounds (455 kg), is $3.35 per hundred pounds
($7.44 per 100 kg) at each end of the movement (see Table V-2). This adds
$134.00 per ton ($148.80 per metric ton) for a total door-to-door cost of
$309.00 per ton ($341 per metric ton) as shown by the left bar of Figure V-23.
The advanced-technology aircraft in conventional operations with large ship-
ment sizes 1000 pound average (454 kg) incurs $116 per ton ($128 per metric
ton) pick-up and delivery costs based on Table V-2 for a total of $265 per ton
($292 per metric ton). For the advanced-technology aircraft in intermodal
operations, two options are developed: less than truck load (LTL) and truck
load (TL).  For LTL, the PU&D and consolidation-break bulk functions include:
pUsD, platform handling, and billing and collecting for a total of $86.45 per
ton ($96.00 per metric ton) based on ref. 4, Cost of Transporting Freight
1972, ICC sStatement 2CIS-73, escalated to 1977 costs at the rate of the
consumer price index. The total for this comnbination is rounded to $208 per
ton ($229 per metric ton).

pevelopment of the costs for TL operations is slightly more complicated.
While there is no platform handling by the transportation company after the
shipment leaves the dock, there is a real cost for loading the container by
the shipper and unloading by the consignee. This is equivalent to one total
planform handling in accordance with ref. 4. Although this cost may not be
perceived, it is real and billing and collecting cost by the carrier adds
$25.10 per ton ($28 per metric ton) to the TL cost.

In addition, two costs are not direct functions of the tons shipped: the
cost of dropping the container at the shipping dock to be loaded by the ship-
per, and the cost of picking up the container after the consignee has unloaded
it. This one-time cost for each container is $9.68 according to ref. 4.

The final cost that must be considered is that of the container itself. A
rough approximation can be developed based on current intermodal container
costs. 1f aluninum air intermodal containers, My, cost $24,000 each
(approximately 3 times as much as the price of steel/wood current intermodal
containers), the total capital and maintenance cost per year will be $4480
based on 15-year service life, 7 percent per year maintenance cost, and
interest at 10 percent on half the capital investment.

5-53



&

NN CONTAINER COSTS
[ Qruan

$309/TON
$341 /M. T.

7777777
$134/TON

$148/M.T.

)
o

:$175/TON;

$265/TON
$292/M.T.

Y/ /. V%

$116/TON
$128/TON

...................

...................

i AIRPORT TO AIRPORT

$193/M. T

E$149/TO
£$164/M

$25/TON

$28/M. T.
$208/TON $7/TON
$229/M.T. $7.7/M.T.
4 LSS
[ $86/TON g $154/TON
L $95/M. T. $170/M.T.
’//

$134/M. T.|

500 -
400
400 -
300 -
z -
3 300
—
4
& p4
Y O 200 -
S 200 o
lok 100
ok 0
TECHNOLOGY
OPERATIONS

5-54

SHIPMENT SIZE

PU & D

CURRENT ADVANCED
CONVENTIONAL INTERMODAL
AVERAGE LARGE

LTL

TL

VOLUME = 4763 TONS PER DAY

oruem RTARNE
Ui N
OF FPooa o

FIGURE V-23, COMPARISON OF COST, DOOR-TO-DOOR




o

At aircraft utilization of 3000 hours per year, the cost of a container
while it is in the aircraft is $1.49 per block hour. If an average flight
time is 4 hours, and assuming each container averages one flight per week,
then each container averages 200 flight hours per year. Thus, each container
space on an aircraft will generate the need for 3000/200 = 15 containers per
year. Container use cost is thus $22.35 per aircraft hour. On an average
domestic flight of approximately 4 hours, the total cost per container is
$89.40.

If the average container contains 28,000 pounds (12,600 kg) or 14 tons
(126 metric tons), the total cost per ton for the two functions of container
drop and pick-up and container use is $7.07 per ton ($7.85 per metric ton).
The total cost for the TL high-technology intermodal operation is rounded to
$154 per ton ($170 per metric ton), Figure V-23. The total door-to-door cost
benefits felt by the shipper or consignee are about 14 percent savings due to
advanced technology and increased shipment size, another 22 percent due to
intermodality, and another 26 percent if he can ship in truck load lots.

Analysis of Domestic Market

Analysis of a typical domestic air cargo operation was performed via means
of the MACRO LP. The route system and demand are described in the following
paragraphs. ,

Domestic Route System and Demand - The high and low levels of demand for
this analysis encompass the upper and lower boundaries forecast for 1990 in
Section III, 1990 AACS Forecast. Thus, the specific data points one wished to
use are determined by selecting a specific market forecast and market share.
The 1990 demand is distributed between a group of cities in accordance with
the actual air cargo traffic reported in the 1972 census of transportation
(ref. 1). Twenty-one routes between six cities were selected as typical of
airline operators major routes. The routes and the percentage distribution
are given in Table V-12. The air cargo demand on these routes included 76
percent of the traffic reported by the 1972 Census of Transportation. The
distribution of demand for these cities is the distribution that existed
between these cities in 1972.

The concept of the route system used in the analysis is typical of the
route systems between regions surrounding the designated cities that could
exist to meet the 1990 demand, assuming the demand is distributed in 1990 as
it was in 1972. In this report, city names are used for ease of identifica—
tion of regions. The route network is shown in Figure V-24. The demand on
this typical network is about 7 percent of the total domestic demand. The 7
percent is a typical percentage of the total demand for one carrier to be
satisfying, there being 15 air cargo carriers in the U.S. Therefore, this
input is reasonably representative of one carrier's operations.
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TABLE V-12. DOMESTIC ROUTE CARGO DISTRIBUTION

Origin-Destination % Distribution Origin-Destination % Distribution
1 NYC DTT 4.4 12 SFO NYC 9.5
2 NYC CHI 4.8 13 SFO DTT 1.2
3 NYC IAH 2.7 14 SFO CHI 1.8
4 NYC  SFO 2.8 15 LAX NYC 13.1
5 NYC LAX 3.8 16 LAX DIT 2.6
6 DT NYC 6.3 17 LAX CHi 6,5
7 DTT SFO 4.5 18 LAX IAH 1.6
8 DIT LAX 2.0 19 CHI NYC 18.8
? IAH NYC 4.3 20 CHI IAH 3.1
10 1AH CHI 1.4 21 CHi LAX 2.7
11 1AH LAX 2.1 ‘ 100%
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The route network and the associated. demand spectrum based on the upper and
lower boundaries of the 1990 forecast are used in the Air Cargo Analysis
System shown in Figure V-1. This system then allocates candidate aircraft to
the routes in a manner which maximizes earnings' of the airline operator.

Domestic Cost - The revenue for transportation of the cargo is based on
the 1977 general comodity tariffs. vValues for a range of distances are
selected from the tariffs and a regression equation is calculated. The
equation for determining the rates for west-bound cargo is:

Y = 11,935 + 0.00985X
For east-bound movement, the equation is:
Yy = 14,122 + 0,00685X

These equations are used to determine the rates per ton for the rate segments.
Changes in revenue are implemented by factoring the rates equations by =15
percent, -30 percent, or -45 percent, as appropriate. The equations are
plotted in Figure V-25.

Fleet Mix - The optimum fleet mix for each run in the series is shown in
Figure v-26. Only two aircraft were selected by the LP, the D-70, and the
D-330. The circles for aircraft hours, payload, and earnings represent 100
percent of the designated quantity. The divisions show the percentayes of
each quantity allocated to the specific aircraft.

Analysis of International Market

Analysis of a typical international air cargo operation via means of the
MACRO LP parallels the domestic analysis. Most of the relationships detailed
in the analysis of domestic operations such as profitability-volume, IOC and
DOC - profitability effects and the effects of rates and frequency of service,
are fundamental and inherent in any similar operation. Therefore, it is
necessary to only confirm that the relationships developed in the domestic
system are also applicable to the international system. Thus, the following
report - defines the specific international system inputs and describes the
significant results that contain different information than the domestic

analysis.

International Route System and Demand - The international route network,
shown in Figure V-27, was developed to serve the import-export transportation
requirements of the world trade contained in the OECD data bank. The system
consists of 11 routes, for a total of 22 route segments for the LP run. They
are listed in Table V-13E. :

Five levels of demand were established for the international route system.
As in the domestic demand, this range is designed to cover many scenarios upon
which forecasts of the demand may be based. The designation of the levels of
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AIRCRAFT HOURS PAYLOAD EARNINGS

-330|D-70
o \47. %%

b,

ce DT = 1990 MINIMUM + .4A = 4452 TONS/DAY; 4039 METRIC TONS/DAY

D-70
11.0%
D-330
89%

d.

i DT = 1990 MAXIMUM = 10275 TONS/DAY; 9322 METRIC TONS,TAY

FIGURE V-26. OPTIMUM FLEET MIX FOR DOMESTIC OPERATIONS
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TABLE V-13E. INTERNATIONAL ROUTES AND DEMAND

Europe - North America

North America - Europé ;
Japan - North America

North America = Japan

South America = North America
North America - South America
Mid East = North America
North America = Mid East

Far East - Europe

Europe - Far East

Africa - Europe

Europe - Africa

Mid East - Europe

Europe - Mid East

South America - Europe

Europe - South America

. Far East = Japan
. Japan - Far East
. Africa - Japan
. Japan - Africa

South America - Japan

. Japan = South America

Demand - Tons Per Day

Distance 1980 1990
Miles 1980 1985 1990  HI H1
3,495 97 98 110 201 328
3,495 88 88 93 143 233
5,633 120 136 163 202 330
5,633 104 127 150 162 263
4,470 63 72 83 119 194
4,470 64 74 84 116 190
7,000 16 18 21 25 4]
7,000 27 35 44 48 78
8,309 64 74 81. 146 237
8,309 65 63 62 93 152
5,483 28 25 16 63 102
5,483 138 150 164 210 342
2,433 7 6 7 12 20
2,433 52 59 67 120 196
4,980 34 32 33 73 119
4,980 44 44 44 95 155
2,600 72 91 112 97 158
2,600 103 124 146 203 330
6,500 7 8 10 11 18
6,500 41 54 67 78 127

10,500 11 14 18 20 33
10,500 20 26 32 34 55
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TABLE V~13M. INTERNATIONAL ROUTES AND GEMAND

Europe - North America

North America - Europe
Japan-~ North America

North America - Japan

South America = North America
North America - South America
Mid East - North America
North America - Mid East

Far East - Europe

. Europe - Far East

. Africa - Europe

Europe - Africa

. Mid East -~ Europe

Europe - Mid East
South America - Europe
Europe = South America
Far East - Japan

Japan - Far East

Africa - Japan

Japan -~ Africa

South America - Japan

Japan - South Americu

Demand - Metric Tons Per Day

Distance 1980 1990
Km 1980 1985 1990  HI H1
5,592 87 88 99 181 295
5592 79 19 84 129 210
9,013 108 122 147 182 297
9,013 94 114 135 146 237
7,152 57 65 75 107 175
7,152 58 67 76 104 171
11,200 14 16 19 23 37
11,200 24 32 40 43 70
13,294 58 67 73 131 213
13,294 59 57 50 84 137
8,773 25.2 23 14 57 92
8,773 124 135 148 180 308
3,892 6 5 6 118
3,892 47 53 60 108 176
7,968 31 29 30 66 107
7,968 40 40 40 68 140
4,160 65 82 101 87 142
4,160 93 112 13l 183 297
10,400 6 7 9 10 16,
10,400 37 49 60 70 114
16,800 10 13 16 18 30
16,800 18 23 29 31 50

n0
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demand, 1980, 1985, 1990, 1980 Hi, and 1990 Hi, are different than those used
in the domestic case, which employed maximum and minimum and increments
between. The system used in the international case is merely more convenient,
and the designation does not necessarily relate to the year noted. The speci-
fic notations in each case are used only for ease in tracking the statistical
data during the course of the analyses.

International Costs - The mission parameters and aircraft characteristics
of the international aircraft candidates are given in Table V-4. Direct
operating cost curves similar to the curves for the international aircraft are
shown in Figure V-28.

When a specific route exceeded the maximum payload-range of the aircraft,
the route analysis was performed by adding enough stops to enable the
candidate aircraft to fly the routes with full payload. Costs for these
routes will include DOC for all segments, IOC for one segment and aircraft
servicing and aircraft control portions of IOC for each additional segment.

Cargo rates for the international cargo movements were taken directly from
the tariff published in October 1977. Typical origins and destinations repre-
senting each route segment were selected but the data did not lend itself to
linearization as in the case of the damestic rates. The data were scattered
in relation to costs per mile; therefore, the actual rates for typical
origin-destinations were used.

The indirect operating cost (IOC) for the international network were
developed in the same manner as the IOC for the domestic network. Since scale
factors for most IOC functions are different for international and domestic
IOC, the IOC for international operations is higher than for equivalent domes-—
tic operations. The international air caryo data were applied to the air
cargo analysis system previously described, Figure V-14. The results of the
computer runs are described in the following paragraph.

International Fleet Mix - The fleet mix selected in the computer run is
shown in Figure V-29. It consists of three aircraft: I-125, I-220, and
I-330. As the magnitude of the payload increases, the percent carried by the
I-125 aircraft decreases rapidly, while the percentage carried by the I-220
increases moderately and the percentage carried by the I-330 increases more
rapidly.

Aircraft Size and Fleet Mix Analysis

From the data derived from the MACRO Route Analyses both domestically and

internationally, it is quite evident that market size and share of the market
have a direct effect on fleet mix.
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Damestic - For the domestic analysis, the MACRO was the choice of four
advanced technology aircraft as follows:

D70

D125
D220
D330

The specific characteristics of these aircraft were given earlier in this
section. o ‘

The maximum domestic cargo demand in 1990 was 32,000 tons per day for the
total representative U.S. domestic system which consisted of six city pairs.
As shown on Figure V-26, the fleet mix analysis was conducted on reduced
number of  daily tons so as to represent various levels of a potential
oerator's share of the market, the minimum being 570 tons per day (516 metric
tons per day) and the maximum being 10,275 tons per day (9322 metric tons per
day). Six levels of market share were considered, representing 2, 8, 14, 20,
26, and 32 percent of the total. It is of interest to note that the set of
data in Figure V-30, representing a 2 percent (570 tons per day; 516 metric
tons per day) share of the market, indicates that the D-70 aircraft consumes
88.5 percent of the operational hours while moving 59.5 percent of the cargo
and contributing only 47.9 percent to total earnings. This fleet mix requires
87 percent D70 and 13 percent D-330's. The most significant changes in fleet
mix occur when the operator's share of the market changes from 2 to 8 to 14
percent. Once a volume of 4452 tons per day (4030 metric tons per day) is
reached, fleet mix requirements remain fairly stable with approximately 18
percent D-70 and 82 percent D-330 aircraft.

International - The maximum international daily air cargo demand in 1990
was 37,000 tons (33,300 metric tons) for the total system. As shown in Figure
V-29, the daily derand was reduced to represent various levels of potential
operator's share of the market; the minimum is 1262 tons/day (1135 metric
tons/day) and the maximum is 3701 tons/day (3331 metric tons/day. The MACRO
was offered four advanced technology aircraft:

I-125
I-220
I-330
I-440

The specific characteristics of these aircraft were also provided earlier in
this section.
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percent share of the market, 1409 tons/day (1268 metric tons per day), the
fleet mix is comprised of 59 percent I-125's, 35 percent I-220's, and 6 per-
cent I-330's, With 10 percent or more of the market share, 3701 tons/day
(3331 metric tons per day) the fleet mix changes significantly to 14 percent
I-125's, 4 percent I-220's, and 82 percent I-330's.

In the final analysis, the data indicates that for post 1990, both
damestic and international operations require an airplane in the 330,000 pound
payload (150,000 kilos) range and a smaller aircraft, probably a feeder type,
of 70,000 to 125,000 pound payload (32,723 to 110,000 kilos). It is unlikely
that an intermediate-size aircraft (i.e., I-220) would be developed because of
the small number required. ,

1990 2000
Low High Low High

Domestic

70,000 Ib. (32,000 Kilos) 34 34 40 31

330,000 Lb. (150,000 Kilos) 51 65 42 74
International

125,000 1b. (57,000 Kilos) 105 45 64 39

330,000 Lb. (150,000 Kilos) 61 213 104 408
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'Surmnary of Findings

Based on the projected price-demand relationship remaining relatively
elastic through 1990 with rate reductions of 45 percent, airline operators'
marginal earnings remain positive., That is, each ton of additional cargo will
produce additional earnings.

Increased frequency of service to satisfy service sensitive demand reduces
potential profitability, but as the overall demand increases, the frequencies,
even with the largest aircraft, are probably above the threshold of service
requirements, Efficient scheduling can solve service-sensitive, low-volume
market problems with minimum effect on profitability.

The reduction in direct operating cost associated with advanced-technology
aircraft and the opportunities for economies of scale available in intermodal
operations provide the potential for overall cost reductions that are commen-
surate with the rate reductions in the price elasticity of demand of the
forecast for 1990.

The aircraft fleet requirements for optimum domestic operations indicate a
need for 57 to 65 new 330,000-pound (149,685 kg) payload intermodal freighter
by 1990.

The upper boundary of the international air cargo demand forecast results
in requirements for 213 similar 330,000-pound (149,685 kg) payload aircraft.
Thus, the combined requirements for a basic aircraft of this size, including
both short- and long-range versions in 1990, could be as high as 278,

In addition to the 330,000-pound (149,685 kg) payload aircraft, there is a
transient requirement for smaller aircraft. The analysis indicates require-
ments for 71,000 (32,204 kg) pound payload aircraft in domestic service and
both 125,000 (56,699 kg) and 220,000-pound (99,790 kg) payload aircraft in the
international operations. After 1990, the need for these aircraft decreases
as the market continues to grow. More detailed analysis is needed to investi-
gate alternative means of satisfying this need.
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VI - ELEMENTS AND SBEQUENCE OF CRITICAL EVENTS

Introduction

Although cargo has been carried on aircraft since the 1920's, air freight
other than mail was not seriously considered as a viable freight mode until
the late 1940's. Major technical break-throughs during this period in high-
speed aerodynamics and the jet engine brought forth the modern-day passenger
jets which have been subsequently converted to all-cargo configurations,
These events led to many optimistic projections over the years that air cargo
was about to becare of age. However, although there has been significant
growth in air cargo over the last 20 years, it has yet to realize its full
potential, Many users of air cargo still loock upon this mode as being
strictly an emergency means of moving their goods, and they have not planned
to consider it for routine use in the near future.

Now, as revealed by the Case Study results presented in Section II of this
report, there is a definite change in user attitude toward the future of air
cargo. The users indicated they would make routine use of an advanced air
cargo system such as that postulated in the 1990 Transportation Scenario.
This section deals with the elements and critical events necessary to the
definition, planning, and implementation of an advanced air cargo system.

Elements

If the Advanced Air Cargo System is to gain the use predicted by the Case
Studies, a number of elements must be identified, resolved, and in place in
the minds of the user:

o An efficient, effective, intermodal cargo aircraft.

0 A compatible set of transportation equipment, containers, and rolling
stock that are interchangeable among modes and captive to none.

0 An agreed-upon set of ground-interface equipment.

o Interchange agreements between all modes as to the use and responsi-
bility for the above.

o Door-to-door through-service with consolidated tariffs and bills-of-
lading.

These elements are important in the minds of the users (shippers, con—
signees, and surface transportation companies) because each is necessary to

6-1



&

bring about an operational system that represents a significant improvement
over today's system projected to 1990.

Critical Sequence of Events

The development of an expanded air cargo market and an advanced air cargo
system 1is critically dependent upon the timely occurrence of a series of
actions and events involving both the private sector and governmental
agencies. That series is depicted in Figure VI-1l. The upper branch addresses
the civil need and technological capabilities., The NASA Precursor Program is
a good example of an activity now in progress on that branch; the recommenda-
tions of Section VII of this report also fall on that branch. 'The lower
branch of Figure VI-1 addresses the organizational/administrative/financial
aspects which must be resolved to enable the advanced technology to be used to
satisfy the demand. An excellent example here is the "Issues of Commonality"
study to be contracted for later this year by the Air Force, using Air Force
and-NASA funds.

The following discussions expand the blocks of Figure VI-1; the numbered
items refer to the block numbers on the figure.

1. An essential first step is recognition and acceptance of the
significant potential growth in the air cargo market which would
result fram the advent of an advanced air cargo system - designed from
the outset as a fully compatible element of an integrated national
transportation system.

2. General agreement must follow on the need for an all-new freighter
aircraft as an essential element of the advanced air cargo system. an
advanced-technology air freighter is essential to enable commercial
operators to provide high—quality service at price levels necessary to
pramnote the projected demand. The potential benefits that could
accrue might prove enormous, ranging from substantial cost reductions,
to improved earnings, to the opening of entirely new markets, to trade
expansion, to improved balance of trade.

3. The first step on the lower branch is acceptance by commercial
carriers and the military of the need for a joint industry/government
program to obtain common objectives. The military need for additional
outsize strategic airlift 1is generally accepted; only the precise
quantification of that need remains. A combination of that military
need with the civil need from block 2 should allow acceptance of a
joint program. Neither the civil nor military sector alone is likely
to obtain adequate funds or other essential support toward the
development of an advanced large cargo aircraft which both need. 2an
advanced air freighter, developed under a joint military/commercial
development program and priced to commercial operators at a level that
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offered lower total operating costs than other available aircraft,
would not only reduce the government investment required to satisfy
world-wide national defense cammitments but could generate a profit-
able stimulus for commercial air cargo. The prospect of unremitting
econamic pressures of continuing inflation and corresponding con-
straints on both private industry and defense financial budgets
strongly suggest that a govermment-industry partnership may offer the
only satisfactory solution of basically common objectives in improved
air cargo transportation.

Many issues will require early identification and resolution before a
joint civil/military program for the development and procurement of a
cauron advanced cargo aircraft system can be judged practical and can
proceed. The Air Force (ASD/AFSC) is currently evaluating industry
proposals for conducting a comprehensive examination of all issues
related to the acceptance of a commonality concept. Aircraft design
options are being addressed by separate current Air Force study
efforts. A principal objective of this effort is to define each
issue, including the background and fundamental causes and the
analysis of events necessary to resolve selected issues. Among other
things, the "Issues of Commonality" study will prioritize issues
according to criticality to the successful completion of a common
aircraft program. This study is considered to be an essential
precursor to the formulation of a successful program plan for the
acquisition of a joint civil/military cargo aircraft.

The government's role in facilitating the development of the advanced
air cargo aircraft must be detemmined. The degree/extent of joint
government-industry participation, the nature and extent of planning
influence and division of management responsibilities, the formula for
sharing financial burden, among other things, need to be addressed and
resolved during the concept-definition phase of the proposed program.

Under present system acquisition processes, the development and pro-
duction time period for a commercial air freighter (4 years) would be
much shorter than that for a military cargo aircraft (9 years). In
recognition of these lead times, a firm go-ahead decision must be made
during the mid/late 1980's to meet the projected market demand.

The joint civil/military development and acquisition program must be
formally established as a matter of national priority by the Executive
and Iegislative Branches of the Government.

Specific responsibilities in the joint civil/military air cargo system
development and acquisition program must be assigned to individual
governmental agencies. The decision to assign primary government
responsibility to the DOT or to the DOD would be an important
influence on whether the aircraft design would favor commercial needs
or military needs. One way in which all the diverse interests and
posibly conflicting policies may be brought into proper perspective
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and resolved might be to assign the responsibility to a single federal
agency and to establish a Jjoint government-industry commission to
provide policy guidance to that agency. Such a commission, estab-
lished by the Executive Branch, might be composed of representatives
fram the legislative and executive branches, the DOD, other goverrment
agencies, and leaders of the air and surface transportation indus-
tries.

An organizational structure must be formed with appropriate private
sector and/or government representatives for the planning and manage-
ment of the civil/military large cargo aircraft development and
acquisition program.

Appropriate legislation must be enacted to develop an efficient air-
freight transportation system for both the civil and military sectors
and to enable/ensure that the civil operators, the DOD, the DOT, and
NASA work together to achieve this goal.

A basic sYstern design philosophy must be formulated which is mutually
acceptable to both potential commercial operators and the Air Force.

System requirements and interfaces must be derived and integrated
based on the system design philcsophy. Air craft payload, range,
design density, cargo compartment dimensions, loading methods, termi-
nal requirements, container . interface requirements, and ground
handling requirements will be specified.

The system design concept can then be finalized with the appropriate
aircraft, facility, ground equipment, and personnel elements.
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VII ~ CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE STUDIES

Conclusions

Although a great deal more work and analyses are needed, the NASA Cargo/
Logistics Airlift study has provided with several preliminary findings:

1. There is a need for a dedicated advanced air cargo system as indicated
by the industry/transportation company Case Studies. The shipper/
consignee is interested primarily in lower rates and faster, reliable
service. He is definite and specific in his desire for an intermodal
container and/or trailer with dimensions of today's surface equipment
that he can load himself as a partial load or a full truckload.

The surface carriers - truck, rail, and ccean - also indicate consider-
able use of an advanced air cargo system as a substitute service,
similar to that of rail piggyback. Again, the surface carrier wants
his future intermodal equipment to be accommodated directly by the
aircraft.

2. Based on the domestic and international case studies, the air cargo
demand forecast shows that the introduction of an integrated advanced
air cargo system would, in fact, stimulate the market place to an
extent that development of a next-generation, dedicated air freighter
is indicated. At this time, it appears that the international market
for the aircraft is approximately 3 to 4 times as great as for the
U.S. damestic market.

3. The econoric analysis of the air cargo market indicates that, with the
application of advanced technology and more efficient intermodal
handling of the freight, door-to-door air freight reductions of 45
percent, from today's rates, may be achievable.

Recammendations

Lockheed's recommendations fall into two areas: (1) the market and (2)
system analyses and technology development.

Market - In the area of the world air freight market, it is recommended
that further case study analysis be undertaken. Iockheed was gratified to
find the high level of interest and cooperation exhibited by the prestigious
campanies that responded, and the wealth of valuable information they pro-
vided. It would be most beneficial if additional questions could be directed
to selected campanies in specific commodity groups.



Next, beyond those already conducted, additional case studies in the inter-
national market are needed. International air cargo potential looms several
times larger than U.S. domestic potential in the 1990's. the relatively
modest number of international case studies should be expanded to balance the
damestic data bank.

The third area recommended for additional study also addresses the
international market, particularly potential changes in distribution and
manufacturing patterns. A more in-depth study is needed of this trend, which
was observed in several of Lockheed's foreign case studies. Significant
shifts in the location of sub-assembly and finished goods operations will
probably impact the demand for improved and expanded air cargo service.

Finally, the potential of new markets, wholly apart from those addressed
in this study, merits attention. Those are the markets created by developing
nations and by major changes in geopolitical relationships, such as those of
mainland China and Russia.,

All of these studies would help increase the confidence level of the CILASS
market projections and further illuminate some of the opportunities and
hazards in the rapid growth period ahead.

Technology — With a good estimate of the market base in hand, we need to
identify those areas of analysis and technology required to make the advanced
air cargo system economically and environmentally sound.

First, a refined payload and fleet size and analysis should be made to
establish the preferred size and quantity of aircraft, because aircraft size
and fleet mix are sensitive to the market size and the operator's share of the
market. Since the initial efforts of the CLASS program investigate only one
slice in time, 1990, it is most important to recognize that these data do not
actually reflect the complete operational time frame for an advanced techno-
logy dedicated air freight system. The potential operational time period is
more like 1990 to 2020. Lockheed recommends using computer models for further
parametric payload analyses based on updated market forecast. This would
provide an insight into the needed aircraft size and would help identify a
family of aircraft with sufficient growth capability to satisfy the complete
time frame. These studies should be carried out in conjunction with a select
group of domestic and foreign air cargo carriers, surface freight transporta-
tion companies, and shippers and consignees. In this way, the freight
transportation user and operator can share their operational experience and be
a party in the shaping of initial future plans. This will enable NASA to
better determine: (1) what technology developments will be available, (2) how
and when the technology may be applied, (3) what size aircraft best accommo-
dates the market, and (4) the market size.

Second, there is a need to identify and assess environmental concerns and
their demands on technology. Concerns involving fuel conservation, engine
emissions, and noise footprints are becoming more and more prominent. For
example, noise constraints are vreflected in the trend toward imposing
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nighttime curfews at many key foreign and a few damestic airports. Yet, air
freight must move by night to achieve its full potential.

A mzjor application of and challenge to advanced technology will be to
achieve a "quiet night freighter." The technology areas of propulsion,
acoustic suppression, aerodynamics, and advanced materials must be examined
and pursued toward the end of developing an advanced air cargo system capable
of operating fram airports during the night hours. These are specific problem
areas that impose more stringent requirements on cargo aircraft out of the
necessity to operate at night. There are numerous trade-offs, for instance,
in airport performance between high-lift devices, engine nacelle acoustical
treatment, engine selection and location, application of composite structure
and leading-edge/flap laminar flow control.  These trade-offs should be
examined for various configuration arrangements which consider fuselage length
and width, variable incidence wing, high/low wing location, blended wing-body
canbinations, and cargo/passenger combinations which do not compramise cargo
operations for an advanced-technology, dedicated air freighter.

Third, with the expressed need to lower door-to-door air freight shipping
costs Lockheed recommends that these technology applications be examined in
detail to determine which combinations might lead to lower operating costs,
and hence, lower air freight rates.

Armed with the facts fram future studies of this scope, NASA can identify
the levels of technologies required for the best economies, and the timing for
the development and application of these technologies.

Fach of these areas should also be examined to identify and assess more
clogely the limiting technology and environmental constraints on future air
cargo operations.

All of this leads to the point that experience shows it takes 12 to 15
years to bring a system from its initial conceptual phase to operation. As
shown in Figure VII-1, 82 percent of our case study participants indicated a
need for the advanced air cargo system to be operational by 1990. 1In light of
this fact, NASA is urged to pursue these future study recammendations with a
minimum of delay.
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AIRPORT SURVEY
Trans World Airlines
Lockheed-Georgia Company

AIRPORT OFFICIAL: o . AIRPORT:
Name Name
Title City
DATE: Country
A. GENERAL AIRPORT CHARACTERISTICS

1.

" b. Bulldings. Units:

What is the total number of passenger gates?

What is the total surface area of the airport:

a. Grounds (excluding buildings)? Units:

(5q. Feet, Sq. Mecters)

(5q. Feet, Sq. Meters)

What is the total number of gates for all-cargo aircraft?

What year was the airport opened?

What are the major restrictions on airport cargo operations with respect to:

a. Saturation (daily/weekly/seasonal peaks in aircraft movement)?

b. Use of slots (high density traffic allocation)?

c¢. Night-time operating restrictions/curfews?

d. Gate limitations (aircraft size restrictions)?

e. Noise restrictions (other than curfews)?



6. What are the maximum and miv+aum number of aircraft movements scheduled per hour
under VFR conditions?

Maximum " Minimum

7. wWith respect to

airport accessibility:

a. What is the distance (auto miles) from the city center?

Units:

(Miles, Kilometers,etc.)

b. How many minutes are required to reach the city center during peak hours?

During off-peak hours?

c. . What long distance or limited access highways provide access to the airport?

8. With respect to
a. What is the

Length

b. What is the

9. General:
a. VWhat is the
b. What is the
c. What is the

(1) Summer

(2) Winter

FREIGHT FLOW AND OPERATING CHARACTERISTICS

airport operating parameters:

maximum length/width of runway?

width ) Units:

maximum weight capacity of the runway?

location of the airport? Longitude
elevation of the airport?
climate of the area?

temperature range:

tempcrature range:

(Feet, Meters)

Units:
(Pounds, Kilos)

Latitude

Units:

(Feet, Meters)

Units:
(Fahrenheit, Centigrade)

Units:
(Fahrenheit, Centigrade)

(Data collected: 19 )

1. Approximately how many tons/tonnes of scheduled cargo are handled annually?

2. Approximately how many total tons/tonnes of cargo are handled annually? .

3 what percentage

of the cargo handled is: Domestic?

oo dlow many carviers serve the aicport?

% International? %
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10.

11.

12.

AlA-4

With respect to passengcf boardings, what are the top ten passenger carriers serving
the airport?. (Please rank, with '"1" representing the carrier with the most passenger

boardings).

1Y) 6)

2) 7)
3) 8)
4) 9)
5) 10)

With respect to annual tons of cargo handled, please rank the top ten carriers which
offer all-cargo flights.

1)_ 6)
2) I )
3) ' 8)
4) 9)
5) - 10)

Which carriers have the most mechanized and/or automated cargo handling facilities?

What is the average number of weekly all-cargo flights which are:
i

Scheduled? Chartered/Other?
What 1s the average number of weekly all-cargo flights on:
747s? 707/DC8s? Other jets? All other

(727,737,0C9, etc.)
What is the average number of passenger flights per month?

What is the average number of international flights per month?

a. Passenger flights: Scheduled? Chartered/Other?

b. All-cargo [lights: Scheduled? Chartered/Other?

What is the ratioc of belly cargo to total cargo? Belly/Total = %
e kI MR

v o
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13. What is the ratio of unitized (containerized/palletized) cargo to total carga?

Unitized/Total = %

14. Wwhat is the ratio of shipper unitized (structural container) to total cargo?

Shipper unitized/Total = %

15. What percentage of containerized freight is shipped in 8'x8' containers?

%
C, (e TERUINAL FACILITIES (Data collected: 19 )
1. What is the approximate total surface arca of cargo-related:
a. Ground areas (excluding buildings)? Units:
(5q. Feet, Sq. Meters)
b. Buildings?_ . Units:
(Sq. Feet, Sq. Meters)
c. Non-developed arcas available for expansion? Units:
- (Sq. Feet, Sq. Meters)

2. How many cargo-related buildings are located at the airport?

3. Yow many truck docks are located at the cargo terminal/s?

D, THAFFIC SERVICTNG AND TEPMINAL COS1S

1. What is the approximate cost of aircraft fuel in your local area?

(Please specify currency and units, i.e., dollars/gallun, etc.)

2. With respect to average costs:

R

a. What is the average hourly wage for local cargo warehouse personnel?

per hour., Currency units:

(bollars, Pounds, Francs, vtc.)

b. What are cargo handling costs per ton?

per taon. Currency units;:

(Dollars, lounds, Francs, otce.)

c¢. What are the average terminal construction costs?

per square foot/meter. Units:

(bollars, Pounds,

d. What are the average terminal leasing conts?

per sguare foot/meter,

Francs,

vte)
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2. Average Costs (Continued)
e. What are typical landing fee rates for:

707?

74717 Currency units:
(bollars, Pounds, Francs, etc.)

DC8?
f. what are the average storage costs in the cargo terminal/s?

per square foot/meter, Units:

(5q9. Foot, Sq. Meter)

ADDITIONAL COMMENTS:

Thank you for completing this survey. Your assistance {s sincerely appreciated.
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NAME:
TITLE:
COMPANY:
ADDRESS:

Trans World Airlines
Lockheed-Georgia Company

TELEPHONE: ( ) September 1977

TRANSPORT MODE:
{¥otor, Rail, Sea, Air, Freight Forwarder)

ROUTE:

COMMODITY:

SHIPMENT DESCRIPTION:

SHIPMENT

SIZE

Weight = 500 1lbs. Welight = 3,000 1lbs. Weight = 20,000 1lbs.
Volume = cu.ft. Volume ™= cu.ft. | volume = cu.ft
I. RATES
A.  Given the above shipment description, please
indicate the applicable mode transport $ $ $
tariff rate for shipments of each sample
size.
B. Would container/truckload rates be available Yes Yes Yes
for a shipment of this size? No No No
C. If so, what would the tariff rate be? $ $ $
D." Does this tariff (for a'shipmenc of this Yes Yes Yes
size) include door-to-door delivery? No No No
E. 1If door-to-door delivery is not included in
the tariff, please specify Pick-up and $ $ S
Delivery charges (for weekday service).
F. Plezse describe and estimate any additional
charges which would apply between origin
and destination on this route,
IT. SERVICE
A. Vhat is your estimate of the actual mode
' transport time for a shipment on this route. day/s day/s day/s
B. - What is your estimate of total time for
Pick-up and Delivery of this shipment? day/s day/s day/s

e
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SHIPMENT

STIZE

Weight = 500 1bs.

Weight = 3,000 lbs.

Weight = 20,000 1bs.

Density = cu.ft. Density = cu.ft. | Pensity = cu.ft.
II. SERVICE ) . .
C. 'Is it likely that containers will be used Yes Yes Yes
for this shipment? No No No
If s0, please identify and describe type:
D. 1If a Pick-up & Delivery service is to be used,
who: will provide the service? (Indicate one:
shipper, freight forwarder, independent
trucker, carrier cartage agent, broker,
consolidator)
E. (International routes only). What 1is your 12 hrs or less 12 brs or less___ 12 hrs or less
13-23 hours 13-23 hours 13-23 hours
estimate of the time required for Customs :
clearance of this shipment? 1-2 days 1-2 days 1-2 days
, 3-4 days 3-4 days 3-4 days
5 _or more days 5 or more days 5 or more days -
F. "What 1s your frequency of scheduled service
on this route? (Freight forwarders omit trips/week trips/week trips/week
this question). -
G. What is the average number of shipments __shipments shipments shipments
processed on this route per week? per week per week per week
H. What is the average number of pounds
shipped on this route (in your operation) pounds/week pounds/week pounds/week
per week? -
I. What is yoﬁt claims ratio, i.e., Overage, Shortage and Damage claims expressed as a percent of revenue? Z
J.  What are the main causes of delay encountered on this route?
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7TAOI NORLD wavy wCesY
INITERNMATIONS L AR BOQY
LOR ANGCLES, CALIFORMIiA "0CO®

N 1213) G46-%14% + Gad-6:81
A : December 28, 1977
bt FTOMI CUNLEE, aTTQENLY
Ms, Donna Berman
Massachusatts Port Anthority
T.ogan International Airport
Doston, Massachuseits

Re: Petition for Exemption--Flying Tiger Flight 243
Dear Ms. HBcrman:

Pursuvant to Part B, Article UI, Paragranh B. 4 of the Rules and Regu-
lations for Logan International Airport, Flying Tiser respectinlly reguests
the attached Petition for Exemption for all-cargo Flight 243 be grantad for
the maximum two-year period, Flight 243 dedarts Tegan International
Airport at 0030 hours, Tuesday through Sunday, . .

* Ag the attached material sets forth, Flying Tigcer vwenld be severely
impacted in the cvent Flight 243 was required to be re-scheaduled into the
carlier cvening hours, The present departure time, which oifers as its
prinary advantage a highly desirable late-nighs “"cloging® {or shipments
outbound frumm Doston, is c'bnvcniently schecduled for connecting service
over Chicage on other Flying Tiger flights in order to provide overnight
service to most major U.S. citics. The final déstination of Flight 243 is
Los Angeles with an arrival of 0600 hours which provides =2ven *he most
distant West Coast customers with shipmerts ready for pick-up prior to
the next work day. In addition, Flight 243 conaccis over Chicngo to Fly-
ing Tiger's prime time daily international depertire at 6329 hoars which
in turn provides prompt service for the Boston shipper to the major cities
in the Far East. y

Flight 243 has operated at Logan Internilional Airport between the
scheduled times of 0030 and 0100 hours since the Fligat's intnpduction on
September 30, 1968. The flight has opcrated without interrupdon since
that time on Tuesday through Saturday with the Sundzy service added in
July, 1973 in re¢sponse to Gemand from Boston shippers.

We look forward to your favorable consideration of the attached Petition
and the opportunity to provide you with whatever further information you may
nced. Any questions relating to the Petition should be directed to the under-
signed.

Very truly vours,

, 1, | | | | @au@\hm &

Carl Swartz

CS/sw
Attachimoent

A5 i“'}‘
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A, State the consositien of your current aAll-carzo fleat.

ATRCPAFT T(PZ AND SERIES  NO. I FLEZT  PAY 10AD  pagp 35

A Yes no
pC-8-55 1 no
DC.-8--61 2 ) no
DC-8-63 14 no
B-T747 5 yes

B. De;cribe all .projected changes in all-carga flent conposition. Include
current or anticigated new aircraft orders, luasing arraugeceants znd
retrofit or retirement schedule of airerast cusrently in fleas.

1. The one DC-8-55 airecrart is presently on lease -to Flying Tigzer
and is due to return to the lessor on January 31, 1973.

2. One 'DC-8-63 preséntly on lease from Flying Tiger will be retur%e
to Flying Tiger in September, 1978. :

3. One B-747 presently in the Flying Tig:r flecet will be leased
coimmencing January 8, 1978 through August, 1979. An additional
B-747 presently on lease from Flying Tiger will be returned to
Flying Tiger on June 29, 1978. i
4., Based upon the recent Federal deragulation of air cargo, Flying-
Tiger anticipates being granted authority to provide all-carzo
. service-to all 50 states. Bzcause of the foreczsted requiremznc
‘. for additional aireraft, various acquisition altarnatives are

{continued on attached page).-

C. . Describe efforts tazken to provide the service by an aireraft certificated
_ in accordznce,

- The Flying Tiger service pattern at Boston, as reflected in
"the Implemantation Plan suomitted on August 31, 1977, defines in
cgreater detail the.efforts taken to provide Flight 243 service by
zan aircraft certificatasd to Part 36.

As _shown by Attachmant 1, Flight 243 presently carries approx
imately 75,000 pounds of freight nightly on the Boston to Chlcdgn.
segment. This figure sxpands to approximstely 80,000 pounds per

,night when U.S. and foreign mail and e/press shipments are includs:
N The November; 1977 performance reocords indieate. that F1frnt
243 operated 24 times between Boston and Chicapo at a load factor
of 79.95. This locad factor is based unon zssignment of the DC-3
freichters présently utilized for the sa2rvica. The 79.9% comparas
favorably to the domsstic DC-8 break-2ven load factor of 615 bassd

upon Flying Tiger operations for the year ending June 30, 1977.

(econtlnucd on attached page)
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SECTION I (continued)

(No. 4 continued)

are being studied. A% present, however, there are no firm
acquisition plans Including either new alrcraft orders or
leasing arrangements other than as set forth above.

Flying Tiger is presently studying alternatives belating to
compliance with the Federal Noise Abatement Regulations {ssued
December 23, 1976. These alternatives inelude retrofitting

“the DC-8 aircraft (th? non-Part 36 aircraft in the Flying Tiger

Tleet) with sound absorbent material, substituting Part 36
engines for the existing DC-8 engines, and replacing the DC-8
alrcraft with Part 36 aircraft. The Flying Tiger analysis has
been in progress for over one and one-half years with the final

~decision awaiting actlon by the U.S. Congres& on proposced financ-

ing assistance.

'
* ¥ # & #* #

{continued)!
. }

By complkrison, substitution~of the only Part 36 Flying Tiger

i alrcraft, thé B-747, would result in the Flight operating at a

load raector &f 33%. The resultant operation would be significantly

below the donfestic S-747 break-even load factor of 56% which 1is

basad upon Flying Tiger operations for the year ending June 30, 197
In addition, Buch substitution does not take into account the late
afternodn arrlval of the aireraft which becomes the outbound Flight
243, The typReal lcads . operating on the inbound leg are less by

comparison th41 the outbound Filight 243,
: e S

take intd accodnt the system-wide impact. The substituticn would

result in a critical reduction in 1ift capability and profitability
in Flying§Tigeﬂ's Asian operations. Flying Tiger 2-T47's generally
operate at nearfy full capacity In the eastbound direction between
Asia and the Unlted States. Any reduction jfn B-Ti47 availability in
this markct the ¢fore, in order to provide Part 36 B-747 service at
Biston, would bq an extremely costly and undesirable alternative.:

Furfher, g:e Bostion substitution of a B-747 for DC-8 does not
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Soction IT

Beonnnle JTurouation

Please deseriba tha cconomic fmportance of tha servica to tha Mew

£1clend reglon or a Eart;theEOf,

Amount of Freipht Carried on Flipght 243

As discusted 1in Scction I.C above, Flight, 243 presently carries a
total of approximately ﬁ0,000 pounds per night Ancludling freight, U.S.
“and foreign mail, and-express shipments. A more detailed description -
of the November, 1977 carriage of Flight 243 is contalned in Attachment 1

* Attachment 2 shows that ‘on average, approximately 130,000 pounds of
fredght {execlusive of mail and express shipmonts) originated daily at 3a:c
ton Juring 1976 for carriage on Flying Tiger to domestie destinations.*

Attachment 3 shows that a growing volume of international rreight,:
averzging apoproximately 15,000 per day during 1976, also originated at
Boston for carriage on Flying Tiger, .

The combination of the domestic and international cargo originated
daily at Boston {s summarized in Attachment U. Approximately. 1¥5,000
pounds were originated daily at Boston destined for domestic. and intnee-
naticonal markets during 1976. This freight is carried by the combinatiovn
of Flight 243 and a later 1015 daily departure. .

Type of Freizat

Shipments on Flight 243 generally fall into four broad categonries
requiring next-day delivery. The categories include:

1. U.S. mail--Flying Tiger handles mail from the enéiré New England
regilon. 'The mail is trucked to Boston and consolidated for dis-
tribution throughout the U.S. and to overscas destinations. :

2. Regular shipments--A number of factors contribute to the cholce
of air for the distribution of products produced and manufacturcc
in the Boston and greater New England areca. The primary stimuli
for shipment by air include: ' the size and value of the shipment;
the requirement to satisfy a production or order cycle; the desi:
to minimize inventory carrying cost; the need for reliability in
transfer; and, the requirement to maintain a competitive distri-
bution posture relative to suppliers and manufacturers in other

parts of the U.S. >

3. - Perismaples~-~Flying Tiger provides major carriage for perishables
such as fruits, vegotables, sea food, advertising material, live
animals, necwsnapers, and radicactive materials. As oné example,
Flying Tiger ships more than one million pounds of tuna to Japan

v per year.

(continued on attached page)

-

¥ 1976 {s the most recent year for.which complete yecar statistices are
aviailable, -
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SEGTION IT (continued)

Eeconomie Informition

5, Emergencxm§hﬁpmgp§g——Flylng Tiger handles a wide variety of
BosUon and grenter Hew England shipments cateporized by the’
shipper as emergeney shipnents, The 1toms are such that thelip
lack or avallability would result in major broduction line
shut-downs, sevepe out-of-stock situations, ete,

Origin/Destination of Skipments

The geographic origin of shipments carried on Fllight 243 1g the
greater New England regicn. ‘his region,encompasses from Presque Isle,
iaine on the north to New Haven, Cormecticut on the south and North
Adams, Massachusetts to the west. Shipments rzeeived are d2stined fopr
markets in the midwest which are sepved through Flying Tigarp cperations
in Cleveland and Detroit; rop markets on the West Cecast wiich are served
through Flying Tiger operations in Los Angeles, San Francisco anag Seattle;
and for markets-in Asia which are served through Flying Tiger operations
in Japan, the Philippines, Hong Kong, Korea, Taiwan and Singapore.

Attachment 5 1g indfcative of the New England siippers and commdnitics

served by Flight 243, The 1ist 1s baseqd upon shippé&rs using Flight 243
during 1977.

Alternative Shioping Methods

As reflected in Attachment 2, approximdtely 95% of the 1976 domestie
tonnage cutbound firom 3oston on Flyting Tiger was carried to the combinati{in~
of Chicago, Log Angeles, San Francisco, and Seattle. Thase ¢iltims apa wall

e Yornignt shipning distance from Broston h urface moda. Further,
as 1llustrateqd by Attachment 3, more than 97% of the internationay tennzge
was carried to Hong Kong, Seoul, Taipel and Tokyo. As there is insufrfic{er
outbound afrlirt capacity available throughout the night hours, the sola
alternative for the Preponderance of freight carried by Flight 243 would
be air 6-10 hours later in the day. , -

In 1l1ght of the type or cargo transported by Flighte243 ineluding
U.Ss. mail, Berishables, ang emergency shipments, there is no satisfactor

‘alternative 1n the event Flight 243 1s not permitted to continue under its

bresent scheduyle.

Effects of Cancellation

The result or transfer of Flight 243 cargo to alterrative shipping

'methods-—either air-on later flights or surface--can best be determined

by examining the caterories of cargo defined above. For example, the
delivery of U.S. mail would be delay~d an estimated rull day, 2% Englang
manufacturaj.s would be placed at a competitive disadvantage in comparison
to those manufacturers ang suppliers from other regions who are aple to
utilize optimunm flight times; perishables would be damaged which in cep=
tain instances (e.g. aéwspapers) would represent irreparable loss; and
émergency shipments vital to pPersonal as well as a&onomic health and
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soiluace would be delayed,

7 For a more¢ detalled and comprechensive analysls of the effects of
‘cancellation of all-cargo night flishts such as Flight 243 on the New
Zngland econamy, I would respectfully dircct the attention of Massport
authorities toi!the following:

1. “"The Effects of Limiting Night Flights at Logan Alrport",
Massachusetts Port Authority, August, 1976,

"2, "Airfreight's Economic Impact on Boston", Presentation by R.H.
Steiner, Vice President, darketing, The Flying Tiger Line Ine.,
before the Boston Committece on Nighttime loise Limitations,
July 21, 1976.

ORIGIHAL P[m" f,‘%i;
OF POOR QUALITY
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Bection 11T

Bcholuling Tartovnation

{bo tha reasons that the f1ight connot reasonzbly be scheduled
Dascr icted hours. '

outside of tha restr

Karket Factors Affecting the Schedulineg/Carpo-Handling Limitations

The four general categories of cargo described in Section IX
represent approximately 90% of the volume handled by Flying Tiger
at Boston for Flight 283. The bulk of the shipments are recelved
at the Flying Tiger Terminal after 2100 hours EST. Because of the
substantial load factor at which Flight 243, operates, a minimum of
two and one-half hours is required to propare the freight for car-
riag? and load the alrcraft. Even a minimal roll-back in the de-
parture time would adversely effect an estimated 25-207 of the mail
and an estimated 40% of the other categories of frzignt. The impact
of such a loss In cargo would be to reduce the tonnage carried by
Flight 243 to approximately 49,000 pounds resulting in a load” factor
of ¥3%, well below the DC-8 break-even load factor for Flying Tiger
domestic operatidns of 61%. A minimal roll-back would therefore
destroy the%econonic viability of Flight 243. . :

As djséussed above, the rescheduling of Flight 243 to a non-
ecurfew tim2 would \force shippers into an alternative selectlion proc-
ess. The result wbuld be that New England producers and manufacturers
would incur nigherlczosts because of their reliance on alternative
shipping metieds. {In addition, shippers would suffer a deterioration
in their compbtiti» posture because of thelr i:dability to meet com-
petition throughoutlthe country which is-able to rely upon air trans-
portation operatingjiat optimum flight times.

Effect on Other Flyils Tiger Services of Rescheduling Flight 243 to a
Non-restrictad Tine Xzriod

Flight 2U43jorigihates in Boston and is operated with the DC-8
equiomznt which arrivés at Boston as Flight 144 at 1755 hours. The
critical concern in rdscheduling Flight 243 to a non-restricted time
is foreclosing the Flignt to the shipper. The Flight 243 aircraft is-
available for an:carlifr departure but, as set forth above, such a
roll-back would result{in a loss.in the economic Viabllity of the op-
eration. Simply state§, Flight 243 is scheduled in response to the

‘deinands. of tha m%rket ind the requirement of the shippers for a late-

night operation.

. The economi¢ vizabflity consideration can also be treated in terms
of ailrcraft utilizatiom. An earlier departure from Boston, with a load
below the brezk-cven 1éad factor, résults fipst in the alrcraft being
under-ytilized oetwoen.Boston and Chicaro, and second, In the aircraft
nonetheless being heldrat Chicapo untill its preszntly scheduled depar-
ture time of Oth. Flight 243, as 1t presently operates, 1s scheduled
to receive conneqgting westboiind carge over Chicago from Chicago, Cleve-
land, Philad2lphiia, Hew York, Detroit, and Syracuse (as weil as from
the satellite cities served by those major centers), which is destined
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SECTION 1II (continued)
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for Los Angeles on the continuing Flight 243, As the Chicago/Los An-
g2les leg of Flight 243 1s timed to receive the Chicapo inbound cargo
from the above cities, the bulk of which arrives at Chlcago between
0200 and 0240, Flight 243 would in no event be scheduled to depart
Chicago carller than 0340, An earlier Boston departure would there-
fore require Flight 243 to remain on the ground unnecessarily long at
Chicago, ‘Lo the detriment of the Boston shipper forcelosed from using
Flight 243 because of the roll-back in the departure tine.

Description of Freipght Caterories for Yhich Overnight Service is Requir:

Airfrelght is a value service which is provided at a premlum price
significantly ahove the shipping costs associated with surface modes.
The shipper who selects airfreight does so because of stringant tima,
handling, safety, and reliability requirements., The categories of freiy
‘therefore for which overnight service by Flight 243 is, or may be, ra-
quired correspond precisely to those categories set forth in Section II
above. It is critical to the U.S,. Postal Service that U.S. mail be nzn-
dled in timely and reliable fashion; it is essential to the shipper of
perishables that these items be handled promptly and properly; and, it
is Inportant to the shipper of emergency shipments as well as more con-
ventional cargo that these goods be transported in a timely and relizble
manner.  In sum, virtually alil cargo carried by Flight 243 1s cargo for

which overnight service is imperative.
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Attachment )
AVERAGE ON-BOARD LOAD BOSTON-CHICAGO .
. SFEGMENT, FLIGIIT FFTIL. 243
NOVIEMBIR 1977

TRAFFIC CATEGORY

ITEM REGUILLAR FREIGHT TOTAL
Revenue ton miles 774; 133 ! 831,972
Boston-Chicago nonstop milcage 864 864
Revenue tons : 896.0 962.9
Departures . 24 24
Revénue tons per flight 37.3 ‘ 40,1
Revenue pounds per flight 74, 666 80, 244
Load factor - 74,39 79. 9%

Source: Company Records
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Attachment 2

HISTORY Ok FIL DOMESTIC FRE I(‘Ill‘ TRAFEFIC ORIGINATED AT
LOGAN AIRPORT

1976
Boston Domestié¢ Market Tos
. San
ITEM Chicago - Los Angeles Francisco Scattle . Tc
Calendar Year 1976 .
Mumnber of ©13,799 11,972 9,281 5,126 4s,!
shipments . :
Pounds {000) 7,096.0 12,268.5 7,983.9 2,897.5 32,!
Revenue ($000) 1,426.3 3,984.0 2,806, 5 1,000.8 9, 7¢
Daily average . 28, 384.0 49,074, 0 31,935, 6 11,590.0 130,
pounds . P
Revenue per 0. 201 0, 325 0. 352 0. 345 3. 3¢
_pound ($)
Yicld (revenue 0.4637 0. 2487 0. 280 0.2768 0.2
per ton mile)
(%)

Source: Comnpany Records
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Altachanent 3

HISTORY OF FTL INTERNATIONAL FREIGIT TRAFEFIC ORIGINATED AT
- LOGAN AIRPORT

1976

Boston International Market To: ‘

I'PEM Heng Kong Scoul T.'\i];ci Tokyo 'I‘o.tal

Calendar Year 1976 ! .

Nuihber of 1, 604 . S20 1,389 1,931 5,785
shipn\.c.nts

Pounds (000) 391.9 92. 4 . 232.8 2,300.8 3,127

-Revenue ($000) 477.0 119.8 330.1 2,029,1 3,088.3

Daily average 1,822,8  429.8 1,082.8  10,701.4 14,519.5
pounds

Revenue per 1.217 1. 296 1.418 0. 882 0.989
pound ($)

Yield (revenue 0. 3056 0: 3802 0.3673 0, 2622 0.2828
p;r ton mile)
(%)

Source: Company Records
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Attachment 4

SUMMARY OF FTL FREIGHT TRAFIFIC ORIGINATIED AT
‘ : LOGAN AIRPORT
: 1976

ITEM - DOMESTIC AND INTERNATIONAL TOTAL

»d
—

Calendar Ycear 1976

Nurnber of shipments ' 51, 334
Pounds (000) 3.5, 715. 5
Reverue ($000) ‘ 12, 885. 5
- Daily average pounds 1.44, 894. 7
Revenue per poun;i (%) 0. 361
Yield (revenue per ton mile) ($) 0. 2812

Source: Company Records

A1C-13
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Attachment S

1977 Year-to-Date

Examples of New England Communitics/Shippers Affecied:

Origin
ng_m‘ununitz

Milford, CT
Southboro, MA
Framingham, MA
Trunton, MA
Indian Orchard, MA
Providence, RI
New Beclford, MA
Pawtucket, RI
Webster, MA
Worcester, MA
YL.ecominster, MA
Woonsocket, Rl
New Bedford, MA
New Bedford, MA
Westerly, RI
Fairhaven, MA
Clinton, MA,
Cranton, RI:
Leominster, MA
Worcester, MA
Woonsocket, RI
Sandwich, MAy
Gardner, MA |
Attlebore, MAY
Framingham, MA-
Canton, MA ,
Plymouth, MA i
Wilrmington, MA
Wilmington, MA.
Gloucester, MA®
Wilmington, MA -
Maynard, MA |
Lawrence, MA .
N. Billerica, MA" .
N. Billerica, MA ‘
Newport, VT \
Lawrence, MA i
Calais, ME

N. Anlover, MA. -\
Tenants Harbor, ME
Lawrence, MA
Hudson, NH
Dover, NH
Farmington, NH. =

Shipp_e_r_

Bic Pen

Data Ceneral

Data General Int'l
Swank

Westover Mills

Moran Co.

Acushnet

American Insulated Wire
Angelo Fabrics

Astro Pharmacecuticals
Bamier Mold & Die
Burgre

Cliftex

Cornell Dubilier
Darlington Fabrics
Golden Eye Seafood

ITT Wirce & Cable
Jewelers Shippers Assn.
Mohawk Wire & Cable
Norton Co.

Ocean State Finishing
Scafood Distributors
Simplex Time Recorder
Texas Instruments °,
Dennison, Mfg, ’
Plymouth Rubber
Superior Pet Products
Analog Devices

Avco Corp. Systems Div.
Boat Shop

Charles River Breced Labs
Digital Equipment
Horne & Sons

Nen Pharmaceuticals

New England Nuclear Corp.

Newport Plastics

Western Electric
Fenderson, Inc.

Alco Electronic

Atwood Bros.

Bolta Products

Centronics Data Computer
Davidson Rubber Co.
Davidson Rubber Co.,

_Dcstination

ORD, LAX

HKG, LAX, SEA, SFO
HKG, LAX, SEA, SFO
PDX, SEA

LAX

HKG, sro, TYO, ETC.
DTW

SFO

LAX

LAX

LAX

.LAX

ORD

SO, SEA ~
LAX

LAX, SFO

LAX, CRD

LAX, ORD, sFOo —
LAX, ORD

LAX

LAX

LAX

SFO, SEA

SFO, ORD, LAX
I.AX, ORD, SFO
LAX, ORD

LLAX

HKG, MNL, TPE
J.AX

ORD

ORD

LAX, ORD, PDX, SEA, sF
LAX

LAX

TPE
'ORD, SEA

LAX, ORD

TYO

TYO

LAX

LAX

LAX, SEA

SFO

SFO
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Origin
Cornrnunity

Rock Port, ME
W. Swanzey, NH
J.inzoln, ME
Spruce llcad, ME
Manchester, N
Noashua, NH
Scabrook N

¥.. Hlartford, CT
Chicupee, ME
Wallingford, CT
Milford, CT

Source: Company Records
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Shipper

Graffam Bros.
Homestead Mill

Lincoln Pulp & Paper

Maine Coast Scafoods
Raythcon Co,

Sanders Associates
U.S8. M. Corp,

Pratt & Whitney
General Instrunients
Ulbrich Corp,
Welling International

Attachment S lcen'i)

-llc_giinntion

ORD, LAX, SFO .
LAX, SEA, SFO
PDX

LAX, ORD, SFrO
LAX, SEA, SFO
LAX, SEA, SFO
ORD, SFO

LAX, SEA

TPE

LAX, ORD, SEA, SFO
ORD

A1C-15
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General

WA currently operates a fleet of ten Boeing 707-300C aircraft in scheduled

all-cargo service. Nine aircraft are used primarily to provide "prime time"

overnight freighter service within the United States, while the tenth is

used principally for transatlantic operations between the U.S. and Europe,

Each aircraft has a nominal (weight) payload of approximately 75,000 pounds;

-

none currently comply with the provisions of FAR Part 36.

Since TWA has been and intends to continue to be a major all-cargo operator,

the company {is currently evaluating replacements for its 707 cargo ailrcrafe,
in order to eliminate aircraft which do not comply with Part 36 by 1985.
Although any aircraft selected to replace the 707 fleet will comply with
Pare 36, the type is not yet known; and, in any case, the likelihood of
obtaining replacement equipment within the next several years is low due to

the economic conditions being experienced by TWA. Thus, it should be apparent

that there are no all-cargo aircrafe, either currently or immediately contem-

plated, which could be used to provide the service in question.

Economics

TWA has operated Flight 601 on its Boston/Chicago/Los ‘Angeles routing con-

tinuously since April 1, 1977, departing at approximately 12:45 AM. Fronm

August 1, 1976 to March 31, 1977, service was provided via Kennedy to

Los Angeles, departing at 12:20 AM. Prior to that.‘TWA operated other flights

from Boston to west coast destinations via either‘Philadelphia or Kennedy.
The schedules operated prioc to April 1, 1977 were unsatisfactory and produced

unprofitable results for two reasons:  early, noncompetitive departure times,

and subordinacion of Boston traffic to other cities such ag Philadelphia and

New York.

Moving to the later departure time, which. is directly competitive
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with the other two freighter operations which depart between 12:30 and 1:00 AM,
coupled with non-stop service to Chicago has enabled TWA to vastly improve

the performance of their flight (Exhibit 1) to the point where profitability
will be achieved in the near future, based on current trends. In recent

months, the Elight has operated at about 55% of its weipht carrying capacity,

with approximately 65% of the available space being occupied on each trip.

.

Cargo carfied on this flight consists of U.S. mail, represeﬁting approximately
8 - 10% of this total load, the remainder being freight of various commodities.
Approximately 5% of the freight traffic is physically perishable (e.g. seafood)
while the rest is of an emergency nature or economically perishable; i.e.

items which tend to diminish in value if they cannot be sold quickly, due to

factors such as a loss in timeliness in the case of a periodical, or changes

in buying habits with regard to fashion items and wearing apparel.

Some idea of the emergency/ecoﬂomically perishable nature of these goods can

.
be gained by considering che fact that traffic on this flight is charged
essentially a premium rate, much higher than that for surface carriage, when,
in fact, lower air rates are available at other times of day. TWA is well

aware of chis:diffg:ential, inasmuch as, during 1977, we heavily promoted

daytime air carriage at essentially surface rates to precisely the game cities

as those served by Flight 601. The results of this effort indicate that not
only was traffic not diverted from Flight 601 to take advantage of the lower

rates, but the opposite occurred -~ traffic on Flight 601 increased during
the period of this promotion. This tends to indicate that service «- including
the late night timing of the departure -~ is of the utmost importance to this

type of traffic, and {s even more important -than price.

The. fmportance of this flight to the New England economy can be seen from the

wvide variety of citfes from which freight originates (Exhibit 2). 1In brief,
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this listing encowmpasses the area from Hartford, Conpecticut to Portland, Maine,

including numerous points in Massachusetts, Rhode Island, New Hampshire and

Connecticut,

Traffic from these numerous points is afforded overnight "next morning' service
to the key cities of ' Chicago, Milwaukee, Los Angeles and San Francisco, as well
as expedited service to many other poig}s. Similar service is also available
to these points from areas contiguous to the Boston region including Hartford-
Springfield and New York Ciﬁy; service of lesser desirability is also available
on daytime passenger flights, as previously mentioned. Exhibit III, attached,
1ists some of the major shippers now usiﬁg this service.

Were the service provided by Flight 601 not provided, it is quite likely that
traffic desiring overnight service would:-avail itself of the similar services
available at other nearby cities, as much as would be operationally feasible.
It seems doubtful that the traffic now handled on Flight 601 could be accommo-~
dated on any single flight, inasmuch as Flight 601 currently operates with
about 65% space utilization, and available public data indicate that neither
of the two other flights with which Flight 601 competes has sufficient
capacity to accommodate this traffic. Thus, it seems likely that not all
traffic currently utilizing this type of prime service from Boston to western
points would be able to continue to do so in the absence of Flight 601l. Those
shipments which could no longer move in this manner represent a serious threat
to the economy of the New England area, since they would be more vulnerable

to competition from other areas which had overnight service.

Aside from the disadvantage of being known elsewhere as an area that "you
can't get it here from there” the ¥ew England economy would suffer more
directly as a result of the loss of all jobs direcctly associated with this

flight, since TWA would be forced to move the service elsewhere. In addition,

Al1C-19
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it ii probable that there would be a secondary job loss among the truckers/

forwarders, etc, associated with this flight.

Reschedulin
It might reasonably be asked why Flight 601 could not be scheduled outside the
restricted hours. There are several basic problems inherent in this approach,

including market factors, handling limggations and technical scheduling

difficulties.

Market factors have to do with the inability of shippers to consolidate their
daily production prior to the laterevening hours, particularly if they are

in areas distant from Logan Airport. As previously indicated, if overnight
servic; is not available to their products they may be forced to revert to
slower surface carriage, which carries with it all the potential for loss of
competitiveness in distant markets or, in the case ¢f many perishable products,

results in the elimination of those markets immediately.

Haadling limitations refers not. only to the fact that traffic is generally

not available from shippers until late in the evening, but also that approxi-
mately 80% of the traffic on this flight is from forwarders/consolidators.

We ha§e been inforzed by a forwarder that 50% of the traffic destined for

this flight arrives at its dock between 9:00 ard 10:30 PM. Even with the
present échgdule. the forwarder finds it difficult to meet the existing
accepéanﬁe‘times -= 90 minutes for most freight, 45 minutes for full container
traffic =~ required by TWA t6 safely load and dispatch the flight on time.
This situation results from the forwarder’'s customers requesting late after~
noon pick-ups so as to maximize deliveries of the day's production; this

causes tlie forwarder to have little time to consolidate the traffic for tender

to TWA even under the current schedule. Other forwarders operate under similar

&




Pal

R e
o N

s oen
;7 e
O" $ T aey

[ E:;‘&J'&;b“ VWH&,RTY

—5m
circumstances, for similar reasons; the problems described are compounded when

the shipper's plant is some distance fromthe airport and/or consolidation

facility.

In addition to the above, technical scheduling requirements make the rescheduling
of this flight to an eaflier time period difficult, if not impossible. In.the
first place, the flight could not be rescheduled on its Chicago/Los Angeles
segment since this would cause traffic on that sector to declice, :2! well as
disrupting important connections. Thus, the total Boston/Los Angeles transit
time would be significantly increased, together with flight crew costs; it is
possible that this change would also disrupt flight crew schedule patterns to
the point where additional crews would be required, eroding the economics of
Flight 601 and making profitability even more difficult to achieve. In
addition, opetatioh of this flight during an earlier time period would result
in greater éo-mingling with passenger operations, both on the ground and in
the air. On the ground this’would tend to increase airport congestion and

manpower costs; in the air, increased flying times and, consequently, greater

fuel consumption could result.

Summary
The granting of an exemption for Flight 601 would:
. Continue to aid the New England economy.
. Retain jobs in the Boston area
. Allow TWA, a major Boston employer, to continue to strengthen the
economics of its New England operuations.
The pruposed relief is of a limited and fixed nature -- one flighg five days
'per week which provides unique services not provided by flights Opéra:ing
outside the restricted hours. We believe that it is in the best interests of

the entire community to grant the exemption as requested.

A1C-21
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EXHIBIT I

*‘TRAFFIC INCREASE RESULTING FROM

FLICHT 601 SCHEDULE CHANGE APRIL 1,

1977

Period
January - March 1977

(Prior te Change)

October - December 1977
(After Change)

Net Increase/(Decrease)

Percent Increase/(Decrease)

Pounds Boarded

1,424,529

2,042,345

617,816

43.42%
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EXHIBIT II

Shipment Origins: Massachusetts

Haverhill, Lawrence, Lowell, Worcester, Gardner, Fitchburg,
Springfield, Holyoke, Boston, faunton, Brocktonm, Newton,
Marlborough, Northboro, Salem, Swampscott, Wakefield, Woburnm,
Billerica, Wilmington, New Bedford, Quincy, Cambridge, Miflford,
Acton, Andover, Stoneham, Melrose, Sudbury, Waltham, Framingham,
Needham, Lynn, Fall River, Poxboro, Attleboro.

Shipmént Origins: New Hampshire

Salem, Hudson, Nashua, Manchester.,

Shipment Origins: Rhode Island

Providence.

Shipment Origins: Connecticut
Hartford.

Shipment Origing: Maine
Portland. '

A1C-23
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EXHIBIT II1

Primary Airport Destinations Served by Flight

(Chicago, Los Angeles, San Francisco, Milwaukee)

Major Shippers: Golden Eye, Graffam Brothers, Maine Coast,
Fresh Water, Shulman Afr Frefght, Profit By Afr, EuroAmerican
Air Freight, Amerford Air Cargo, Emery Air Freight, ABC Air
Freight, Bay State, Bor Air, Novo Air Freight, Pilot Air

: Freight, W.T.C., Hines & Smart, Burlington Northern Air Freight,
: Mayflower Seafood, C, F. Airfreight, AEI/Wings & Wheels,
Associated Airfreight, Afir FPrefght Forwarding, Circle Airfreight.

 AIC-24
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Mr. John Grimes
TWA

605 Third Avenue
44th Floor

ORIGINAL Erom i
OF PCOR griatiTy

CLEARTY, CuTitliad, kil & HamiLron

ONE STATE STREET PLAZA

NEW YORK,N.Y, 10004
1212) J44-0800
CasiC; CLEARGOLAW
Terex: WU 128244

RCA 235438

January 27, 1978

New York, New York 10016

Dear John:

Re: Massport
,—,T-.-I—-—-—

~
®sceac w o watl
couneEs
VRO L FENEAN LY APl w
R T R Ty
Tea P bieoive

ROACAY & BAGwAwD
ragD O

ay avenuE nigOLAND
Y8008 Fe rHanck
TELEA @COAd

PIENARD w MOONE
ELAUDE C.AELLY, J@,
PCHOLAT PaRTHCED

ACBIOC WY PamTaEES

WINEHESTEA ROULE
77 LOmOQm waLl
AONBON ECAR (DA.CHALAND
TELE R Sares®

MAMLEY O:mUDBO N, SR,
4. 8PCED CANMNOLL
MESIDENT FaaTRCAR

Pursuant to our conversation this afternoon, I
am enclosing a copy of the petition for exemption filed

by American Airlines.

T understand that you have copies of

Flying Tiger's petition as well as, of course; your own.

Ericlosure

Sincerely,

‘ |_('/(' Ny TS o

George J. Grumbach, Jr.

RECEIVED .
JAN 22 1978

E%?_/é‘
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MASEACHUSETTS PORT AUTHIRITY.

Re: Noise Abatement Docket No. 1977-4

Petition of American Airlines, Inc.

PLEASE TAKE NOTICE that on September 26, 1976
the Authority received the attached corresgohdence from
American Airlines withdrawing its pending petition for
eXemption of its flight 855 for 1977 and substituting
a new petition for 1978. See Exhibit 1.
A Accordingly, the petition qf‘American Airlines, Inec.
(Noi§e Abatement Docket No, 1977-4) is dismissed and a
new do%ket has been instituted of which the customary

notice‘is atthiched.  See Exhibit 2,

Miﬁ;iUSETTS PORT AWiORI'lY
By: { 7 "// ‘/'/,//

e T ot
" *Executive Dircctor

AlC-24
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September 22, 1977

Mr. David W. Davis

Executive Director
Magsachusetts Port Authorit
99 High Street .
.Boston, Massachusetts 02110

Dear Mr. Dav;s:

Attacéed is a "Petition for Exemption" for American
Airlines al‘—cargo Flight 855,

‘1ight |855 is scheduled to depart at 0055, which is
outsidk the kestricted hours of 0100 through 0600. How-
ever, as the|time required to push-out the airecraft and
taki to the funway normally requires in excess of five
minuteﬁ, actual takeoff cannot be achieved until after
0100, .

In orderito avoid these post 0100 hours takeoffs, we
have rescheduled flight 855 for the secend time back to
004S houwrs. This change will become effective on Novenber
1, 1977.; Conskquently, we will have to reschedule flight
845 from;its pResent departure time of 11:45PM back to
11:35PM. , Thislis made necessary in order to maintain the
time sepayxatior} between these two flights. (This is ex-
plained fhrtherjin Attachment C to the PETITION FOR EX -
EMPTION). ThisYchange precludes the necessity for American
Airlines Bnc, t file a PETITION FOR EXEMPTION 5 the
0100 hour%;dead ine imposed in your NOISE ABATEMENT RULES.

A1C-27
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However, we are taking this oppoftunity to file a PETITION
FOR EXEMPTION to the midinight deadline imposed in your
NOTSE ABATEMENT RULES cifnctive January 1, 1978.

This letter and the attached document are subkmitted suk-
ject to the reservation of rights contained in™a letter

dated February 16, 1977 to you from American Airlines
Legal Department. .

Very truly yours,
v

; () \ ' .<t2: Y .
R. H.\\P\hill\.ipsu(zJCT\

General Manager
Boston

RHP/tas

cec: Douglas B. MacDonald, Chief Legal Counsel, Massport,
99 High Street, Boston, Mass. 02110

MASS. PORT AUTHORITY
RECEIVED
SEP2 6 1377

EXECUTIVE DIRECTL

Sy iy
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l’l.HIH)-.IHl\1 ,u-;rr,,

- An C-.u"o \'rc'ruh lln"htn -~

TO: Massachusetts Port Acthorily.
- ° 99 High Street =
Boston, Masaachusetts 02110

Aﬁprir‘an Airlines. Inc * hereby petitions
(Corporate Name of Aircrait Operator) | : .
the Massachusetts Port Authority [or e: wemption of tha follo ng all-

cargo aircraft flight from the Late Night Aircraft Pestrict Yon in Part E,
Article III of the Authority's Alrports Rules and Rezulations for Logaa |
International Airport.  This flight, .as identified ba Iov 7, was in schedulad
service as of Decer‘"‘aer 16, 1970. N ¥

Flig'nt ] &chedulcd Scheduled Weekly . Alrerait Type
Mumber. Ajrivzl Time Denarture Time Frecezoacy and Savi=zg
1 - ;
8s5s 508 0045 5 ' 707 Freighto

(eff. 11/1/77) (Ex Sun & Mon)

the need for this exempticn and to provida the basis for
ent on its marits, peht:oner P“D:-de; the following
nent..txon.

an inforn\fd ju
supportint docu

L Sg"- th} operatos's current z”-cargo sicerzit fleat ¢4 *Apo"" on
" by numbers of aircraft of each tyoe and ser1e5 and whether o
. nqt eachiis certificated in accordance with TAR Dart 36.

PR S nhome

2, 673, 675 © 7 - oo oo

' 707 - #2371, 556, 563, 564, 565, 566, 567, 563, 569

Page |

. -
or
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2.

State tha changes in all-cargo fleet cczposition
forecast by the npevatnr to fwnluda eurrent or

-enbiciceted s adoerati-ordera—atreragt Teasing
proJecticns, and forecast retrofit and/or retire-
ment schedule of aircralt currently in the flest,

QUr third 747 freighter was pidced in service on .
March 21, 1977. : .

ﬁeginning in Septembter, 1977, all‘7h7's in the 24
Tleet will be retrofitted to meet FAR 35. Come
pletion of this progran will take four months.

At this time, we have no new freighter aircraft
on order, .

State the name and position of tha perscn preparing

this petition and of persons who have imcwledge of
the facts set forth herein.

R. H. Phillips, GCeneral Managag - Boston

Page 2 of T



| ﬁﬁﬂeuz\, L oPreg g
R QUALITY

. ‘e O R N P R Y S . SIS I8 \Nn'_-.k..l P TSR GRS §
D hgre»u. )
TE i eodoretsod By oo 4 ana e ™k shonld an cxemipgtion bo grantad
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two (2) years. ’

__Amarlcan Alrllnes Inc. .
(Corporats Name. of All-Caxgo Servu:e Opera-or

B._H. Phillins 2 \‘l’ :; %
(ngnature of Auaorxzﬂd Representative

ﬁnjpr'é 1. Managsar BO.S ton_
{Title)

| a/22/77
(Date of Execution)
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State the efforts taken to provide the sssvice by a2a a2ircraft certificated .
o in accordance with FAR Part 36, '

0

As we have no FAR 36 aircraft in our

1 Freighter fleet, we
cannot provide this all-cargo service

with FAR 36 aircrafe.
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Fliche 255 ;ﬁwxanv’y ufrrfas'ipyzaxim&tnly 40,000 oowrids of.
eight nightly, Tuesday throuagh Saturday. IMuch of this freight

-

T
§ of a size that cannot be accommodated on passenger aircraft.,

Airfreight shipments‘on this flight generally fall into four
broad categories requiring next day delivery. . )

o

1. Emergency Shipments - replacement orders from the midwest,

southwest and west coast requiring next aay delivery.

2. Products whosa distribution is largaly by air on a day-
to-day basis because thHeir unit costs preclude large in-
ventories.-. L Dol Ee e e L

3. U.S. Mail - trucked into Logan Air Mail Facility from

.+ . all over New.England; traffic arrives during the evening

..» .and is delivered to Pgstal installations at destination

" cities the next morning. . :

e

. w " . -

4 _Pe}ishable'?rodudts (seafood; human biood,.lfve animals,

i biolog‘cal specimens, newspapers, advertising material,
etc‘) . . '

These‘{cargo\ categories listed above come from all over New _
England; thdy arrive at Logan Airport between 2100 and 2300
hours land tHese shippers expect next day delivery at dest-
ination. Thlese four categories constitute 85-390% of the
total traffig boarded on Freighter Flight 855. 1If this flight
was forced td depart one hour earlier (2345 hours), 25% of the
U.S. Malil and 35% of the freight. would not reach . the airport
ke thi's carlier departure. The shippers so aff-
forced to truck to JFK. At best, they would
incur increasdd shipping costs, but most would suffer lost
business to cdnpetitors in other areas of the country capable
of earlier delfivery. This sequence of events inevitably
leads to&layoi~s: S ’ :

i H : -

Examplesf f thq New England communities/Shippers adversely
affected Would fe: ' . : . :

New Bﬁdford ‘Mass, - Continental Screw Co.
- New Badford] Mass, - Acushnet Co. :
Attleboro, Mass. - Swank InGe-
Attleb&ro, SS. - Texas [nstrument
Foxborg, Mask. - ' 7 Foxbore, Masjy.
Brockton, Mass. - Garland Knitting Co.
Brockton, Mass. - .Brockton Footwear Co.
Worcester, Mpss. , - Morton Co.
Worcester, Mbss. - Melville Shoe Co,
Southtgro, Mhss. - Data General Corp.
Framingham, Mass, - - General Motors Corp.
Lowell, Mass', - General Electric -~ Wire Division

Gardnez, Mask, Simplex Time Recorder

H (:\“.‘-n'ii .‘.:E\”H(”I"l sh
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Maynard, Mass.

Pover, N. H.

Rashua, N. H,
. Nachua, N. H., . Nashua Corp.

Manchester, N. H. Raytheon - Marine Products Div.

Rockland, Maine - Graffam Bros. (seafood)

ngrtal Equlcmnnt Corp.
"Pavidson Rukter Co.
Sanders Associates

Traff1c from these shippers would be destined to Cleveland,
Detroit, Chicage (mid-west connecting points), Dallas, Los
Angeles and San Francisco. These cities are lnvolved because
this step backward in time affects not only freighter f£light
855 but also backs up the departure of freighter £light 845
from 11:35PM to 10:35PH.

This small sample list of New England cities and shippers
provides 2mple indication that the requested cxemption is
essential to the economy of ;hese outlyan areas of the
New England -region.
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Cowws LWL LAnnod Téhsonab,, b2 scheduled ouk-
side of restricted hours. > .

As stated inowy vovering letter, this flight will be scheduled -

at 0045, (effective November 1, 1977) which is outside the
current restricted hours. Last year, it was scheduled to
depart at 0120.- It was moved forward to its present departure
time at the request of Massport prior to the publication of
the present ncise rules znd regulations. This was done in

an effort by AA to cooperate with reasonable Massport requests
and to reduce late night noise. The Novamber 1, 1977 resched-
uling is another instance of our efforts to make reascnable

- adjustments in a cooperative spirit.

Flight 855 'is one of two AA Airfreighter flights from Logan
Airport nightly, Monday through Friday. The earlier flight .
departs at 1145. The departure time of this earlier flight

was moved from midnight to accommodate the earlier departure

of Flight 855. Approximately 1 hour and 15 minutes is required
between freighter flights to allow adequate loading time. This
was reduced to 1 hour and 10 minutes in order to schedule the
0055 departure. An all freight aircraft requires extensive:

. and very costly mechanized ground apparatus to load and un-
load. AA paintains one set of this ground equipment and,
consequently, can load and unload one aircraft at a time.

We have explained in detail in attachment B the adverse impact
which would occur ‘in varcious outlying New England cities to

. specific Shipgers in. those communities if flight 855 (and
consequently 845) were forced back to departure times ore hour
earlier than at present. ’

For further substantiation of the detailed explanation in att-

achment B, I refer you to a publication entitled "The Effects
of Limiting Night Flights at Logan Airpert" published by
Massport in August, 1976,
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Siata any other facts or information wrich will assist the Executive
Director in determining whether the coatinued aperation of this service
with non-Part 36 certificated aireraflt outweighs the environmental costs

Af cach rorvice.

As previously stated, American Airlines does not possess, at
this time, any all-cargo aircraft certificated under Part 36"
Consequently, it would be impossible for us to provide this
service_witb other than the aircraft now in operation.

The moverent of shipments by air is vital to the health of
the New England economy. All cargo flights are a significant
factor in the total airfreight picture. ; .

American Airlines currently moves about 120,000 1lbs. of freight
daily on all of its flights from Logan Airport. Of this total,
65% consistently moves on our two freighter £lights 855 and 845.
The remaining 35% moves on our combination flights throughout
each day. This pattern has evolved as a result of shipper
requirements. The pattern is of long standing. It predates

the beginning of the jet era in commercial air transportation.
which began in Decembker 1958. ‘
For a detailéd, comprehensive analysis of the economic impact
of the cessadkion of all-cargo operations or their re-scheduling
to earlier tihe periods, I again respectfully refer to the
followiwg: : ' .

1. The publidation entitled "Effects of Limiting Night Flights
at Logan Ajrport" issued in August 1976.

2. The detail explanation of thé adverse impact on the New

omy which would result from re-scheduling

lines Freighter flight 855 and 84S one hour

ctive January 1, 1978 as specified in the

+ Noise Rules and Regulations, Article III.

American Ai
earlier eff
Logan Airpo:
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Petition of American Airlines

PLEASE TARE NOTLCE YUAT on September 26, 1977,
the Executive Director received from American Airlines
a2 Petition for Exemption from the Authority's Airports
Rules and Regulations Article IIT (Late Night Aircraft
Restriction), pursuant to Paragraph B.4. thereof
(exemption for certain all-cargo services). The
Petition requests exemption commencing January 1, 1978
for the following service,

Scheduled Scheduled Weekly Aircraft Type

Flight .
Number Arrival Time kDepatture Tine Frequency and Service
855' 0908 . ... 0045 . 5 707 Freighter

. Ceff. 11/1/77)

-

i Interested persons may inspect the Petition at
the Executive Offices of the Authority, 99 Bigh
Street, Boston, MA, 02110. The Petitioner - /has not
requesfed a hearing. Any person may file prior to-
ovembér 1, 1977 - a written request for a public
BMearingd to be held on the Petition.

Wrltten comments pertaining to the Petition ray
be submltted to the Authority prior to December 1,

' 1977, except that if a hearing is
requestefl the date for submission of written comments
shall belextended and shall close saven days after the
hearing.} 1f a hearing is reguested, it will be
scheduled on or prior to December 1, 1977 notice to be
provided hot less than fourteen days in advance by the
Authorityjto the Petitioner and to all others in the
sami‘mann r'as the provision of this Notice.

o 7
] - MASSACEUSETTS PORT AUTEQRITY

%
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vy: SEL L
Executiv® Director

Posting Dat}: October 4, 1977
Removal Dat?: October 17 1977
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MASSACHUSETTS PORT AUTHORITY '

CERTIFICATE OF SERVICE

1 hereby certify that I have thig day forwarded
copies of the within Petition of American Airlines by
mailing the same, postage prepaid to: Peter.Koff, Esq.
City Hall Law Dept., Boston Mass; Rev. Thomas F. Corrigan,
Most Holy Redeemer Rectory, 65 London St » E. Boston,

Mass; Emily Lloyd Clty Hall Mayor's Office, Boston, Mass;
Robert 1, Weiss, Esq., Boston University Legal Aid
Program, 474 Blpe Hill Avenue, Roxbury, Mass; John
Vitagliano, Housing,Inspection Dept., City Hall,

Boston, Mass; and Mass. Motor Truck Assoc., Inc.,

11 Beacon Street, Boston, Mass, Mr. Lyman Tondel, Jr.,
Cleary, Gottlieb, Steem & Hamilton,_One State Street
Plaza, New York, New York 10094, American Airlines, Ine,

Logan International Airport, fast Boston, Mass, 02128.

DB b

~Tonna Limbert

October 4, 1977
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1990 Transportation Scenario & Advanced
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PREFACE

The National Aeronautics and Space Administration (NASA) is
responsib'e for much of the aeronautical research supporting
the development of advanced aircraft systems in the U.S.
Recent NASA investigations indicate that major advancements
in cargo aircraft technology are possible within the next fifteen
to twenty years.

An advanced air cargo system could be developed by the 1990's
to provide large-volume freight service completely compatible
with surface transportation modes. Greatly improved operating
efficiency would reduce the cost of air freight well below to-
day’s levels, offering the potential of air shipment for a much
wider range of goods and markets.

NASA is now seeking industry assistance in defining future user
needs for an advanced air cargo system. Under the Cargo/
Logistics Airlift Systems Study (CLASS), information is being
sought from shippers and freight carriers on current and future
transportation requirements. The results of the CL#.3S contract
will be of major importance to NASA in planning aircraft tech-
nology programs for the future.

The Lockheed-Georgia Company is under contract to NASA to
conduct the CLASS program. As a part of this contract
Lockheed has developed this series of case studies to be made of
the transportation and distribution operations of a select group
of companies who agree to participate. Trans World Airlines,
the Equipment Interchange Association, and D.L. Paden &
Associates are assisting Lockheed.

i»'
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1990 AIR CARGO TRANSPORTATION SCENARIO

To provide a common base for projecting and evaluating future
transportation needs, this scenario describes a set of general
conditions that are assumed to exist in the 1990 time frame,
including an advanced air cargo system concept, a projected
world economic environment, and a characterization of the sur-
face transportation system.

ADVANCED AIR CARGO SYSTEM CONCEPT

This advanced air cargo system concept has evolved from pre-
vious NASA and industry analyses, including extensive discus-
sions with freight transportation users and freight carriers, It is
to be assumed as the basis for the user and carrier case studies.

. The system will be available in the time period of the
1990's.

. The system will utilize an advanced-technology air
freighter optimized for cargo carriage.




The advanced freighter aircraft will serve major domestic
and international trade routes, primarily on route dis-
tances of 800 miles or greater. The aircraft will operate
from regional cargo airport centers, which may be separ-
ated from congested passenger airports. In some cases,
civil freight carriers may utilize militarv airfields as part
of the civil cargo terminal network under joint tenancy
arrangeraents.

The system will provide inass air movements on routine
schedules consistent with the needs of large-volume ship-
pers. Sufficient airlift is assumed to be available to meet
the market demand.

The system will be coordinated surface-to-air-1o-surface
operation. The motor carrier industry will perform con-
necting services between the air mode and shippers as
well as connecting services with rail and water modes.
The airplane will have full intermodal compatibility with
the surface transportation segments.
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oordinated Intermodal Transportation '

- A family of all-mode cargo load devices (containers and/ 4
or trailers) will have been developed which are suitable
for both air and surface use. Those load devices will be
interchangeable among all modes and not captive to any
single mode, and they will be fully covered by equipment
interchange agreements on all domestic and international
routes.

L] Surface carriers have the option of offering the air service
to their customers as a segment in a door-to-door through
movement both domestically and internationally. The air
mode wrnld be available as a substitute service similar to
rail piggyback arrangements.




The system will allow shipments to be packed in truck-
load or container-load lots by shippers, forwarders, and
“surface carriers without necessity for additional consoli-
dation or break-bulk processing at the airport. Unitized
loads will be trucked to and form the airport centers,
possibly for distances up to several hundred miles.

Tariffs for intermodal service, including the air segment,
will be established on a door-to-door basis covering the
total freight movement. A single bill of lading and master
wayhbill will be utilized for the entire movement.

No significant regulatory constraints will act to retard
system development or use. Further, future regulatory
reforms may permit formation of multimodal transporta-
tion consortiums if necessary to achieve full efficiency of
an integrated intermodal system.

o
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From a customer service point of view, the future air cargo
system should be considered as an additional option available to
users within the total transportation environment. The system
would have physical and dimensional capability to accept any
shipments suitable for normal highway or containership ocean
movement. Shippers and transportation companies would be
able to use air shipment for any line-haul portion of a freight
movement without restriction. Minimum handling of cargo
would reduce the risk of pilferage and loss as well as direct
handling costs. Thesystem would allow faster reaction to cus-
tomer orders. Many users could lower their total cost for distri-
bution through savii:gs in line-haul, freight handling, warehous-
ing, insurance, and inventory costs. There may be a significant
change in packaging concepts and materials which will further
reduce costs.




ShipmentsO;n Shippers Docks

LTL / T

Pick-Up By Transport Service

Traffic Dept Or Transport Company Drop
Empty Container At Shipper’s Dock

/

Consolidate- Shipments ‘_ Shipper Load Container

Into Container

Deliver Container To Aiport

Pick-Up Container From Airport

L‘TL/k | \TL’

Break "B‘ulk‘” ; Deliver Container To Consignee

Consignee Unload Container

N

Transport Company Pick-Up Empty Container

Deliver To Consignee

Shipment On Consignee Dock

Pick-Up and Delivery and Consolidation - Break Bulk
ADVANCED AIR CARGO SYSTEM ECONOMICS

NASA has provided the following economic guidelines for oper-
ation of the advanced cargo aircraft:

"Advanced design concepts would permit savings of 30 N
percent /in direct operating costs (DOC) over current
wide-body - freighters. Savings of 40 percent in indirect
operating costs (10C) are projected for a containerized,
intermodal operation. “Aircraft development and. opera-
tiona! costs shall be assumed to be shared by the USAF
through the CRAF (Civil Reserve Air Fleet) program,
resulting in-additional savings of 6 - 8 percent in DOC.”

The cumulative effect of these cost savings, each of which is
related to the air line-haul portion of total distribution costs,
has the potenitial for significant reductions in current air freight
rates.

Other system ‘costs include those for pick-up and  delivery
(PU&D) and, for less than truckload (LTL) shipments, there are
additional costs for consolidation and break buik functions. For
this scenario, it is assumed that existing motor carrier cost
factors will be applicable for these Tunctions.
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Representative system cost breakdowns for motor carrier, con-
: ventional air cargo, and current-technology intermodat air cargo
Pick-up systems i“us.trate the fact jchat air movements of freight on long
‘ haul domestic and internationatroutes that combine intermodal
surface/air operations indicate an appreciable cost savings over
Other 75 current air freight operations. These data for an intermodal air
freight system were developed assuming the use of current tech-

PU&D nology and were tentatively verified during a recent govern-
& Terminal ment/industry intermodal air cargo flight demonstration - Pro-
ject INTACT.

r-100

And Delivery

Terminal

, PU&D 50
T Terminal With a verification of significant user need for domestic and

; & Other international intermodal air freight systems, it is well within the
i : realm of possibility that advanced technology developments by
Line Haul Line Haul , NASA could further reduce costs of an integrated surface-to-air
=25 transportation system. Potential additional cost savings in a
Line Haul user's physical distribution system must be analyzed by the
individual company - a subject that is addressed as part of the
case study.

1990 SURFACE FREIGHT TRANSPORTATION
Highway Conventional 1970-Technology

Air Cargo System Intermodal

By the time that an advanced intermodal air cargo s stem be-
Air Cargo System v m g0 5y

comes operational, changes will also have occurred in surface
freight modes. Although some evolutionary improvements can
be expected in service and cost factors, no revolutionary
advances are antiticpated.

Distribution of System Cost by Function 2500 Mile Trip

This scenario assumes that there will be no abnormally large
increases in the cost of petroleum fuels {such as the i increase in
crude oil price in 1973} in the period between now and 1990.
For all modes it appears that emphasis on fuel conservation and
application of fuel-efficient technology - will - approximately
balance the real increases in cost of fuel: Thus, up to the 1990
period considered in the study, it is asstimed that energy avail-
ability and cost will not have significant impact on the modal
split.

Three surface transport modes are considered to have an impact

on potential markets for an advanced air cargo system - rail,

highway, and containership. Foltowing the short-term lags ex-

perienced in 1974-75, all three are expected to resume growth
E trends, but generally at slower rates than have been experienced
i in the past. Othet surface transport modes - inland waterways
' and pipelines - are not considered to compete for air-eligible
i commodities.

Rail systems along major trunk routes will be revitalized, The
number of carriers will be reduced as major mergers create car-
riers wuth transcontinental/major regional scopes of operation.
Main trunk lines will be upgraded, with possible electrification
of some, while rerdundant and secondary mileage continues to
be eliminated. Ton-mile Capacity will be greatly increased but
will largely be absorbed by increased movements of bulk com-
modities, particularly coal and foodstuffs, TOFC/COEC opera
tions will continue their growth trend.




Highway capacity growth will be constrained by the lack of new
highway construction in the 1980's and increased maintenance
requirements on the existing system. Normal growth trends in
trucking capacity will be marginally increased by relaxation of
truck weight and size limitations. Economics of the common
carrier system will be eroded by increased utilization of private
trucking as economic growth creates more shippers with suffi-
cient volumes to warrant this type of operation. Transit times
will increase as the total highway traffic in many urban and
rural areas increasingly exceeds design volumes.

Rail and highway trends in other developed countries will gen-
erally parallel those in the U.S. In the developing nations, the
simultaneous problems of right-of-way acquisition, facility con-
struction, transport equipment acquisition, and the competition
for resources by other national needs will continue to hamper
well-developed surface transport systems.

Containership, ro-ro, and barge-carrier systems will expand their
penetration of international maritime commerce relative to the
share presently carried by break-bulk cargo vessels. At the same
time, a small portion of containership and ro-ro shipments will
be attracted to the advanced air cargo system.

As the demand for surface freight transportation increases dur-
ing the next 15 vyears, service degradations resulting from con-
gestion and maintenance will be more commonplace. Neverthe-
fess, the system will manage to provide both adequate volume
capacity and suitable route flexibility. As the surface movement
of ‘a variety of moderately-sized shipments of finished goods
becomes less efficient and more costly, relative to their total
production/distribution- costs, air shipment will become more
desirable and routine.

vy

1990 WORLD ECONOMIC SCENARIO

The following world economic factors are assumed to prevail in
1990 for the purpose of evaluating the usage of an advanced
intermodal air cargo system:

) Peaceful co-existence will continue among the major
world powers. Changes in spending levels for military pre-
paredness will not be significant,

° Periodic conflicts will erupt within and between smaller
nations but they will be resolved without major escala-
tion or serious threat to world peace.

® Trade between the free world and the controlied econo-
mies will increase more rapidly than in the 1970s but will
not constitute major markets.

® Major energy and raw material consumers will remain vul-
nerable to OPEC oil- embargoes and other potential
cartels of resource exporting nations. However, the re-
source exporters will steer a moderate course which does
not precipitate further economic crises.

) World population will be over 5 billion, a 35% increase
from 1975. About 90% of the increase will occur in Asia,
Africa/Mideast, and Latin. America. As the world popula-
tion growth rates begin to slow in fate 1980s, the percent-
age of labor force age will increase.

° World Gross Domestic Product will double during the
same 15-year period. About one-half the increase will
occur in North America, Western Europe, and Japan -
regions with only 15% of the world population.

[ Domestic rail and highway freight requirements will in-
crease by about 50%. International trade will more than
double.

The foregaing factors reflect an economic environment resulting
from generally surprise-free continuation of recognized trends.
In total, they are conducive to reasonable expansion in inter
national trade and to the development of advanced transporta-
tion systems which , in turn, should have a positive feedback '
effect on trade expansion.

&
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ADVANCED AIR CARGO SYSTEM STATUS

This section provides additional background information about
the status of advanced air cargo sytem planning, circumstances
surrounding the need for such a system, NASA's role in system
development, and the importance of industry case studies to
NASA’s CLASS project.

Today's Air Cargo System

During the past two decades, the U.S. and international air
freight industry has been characterized by developmert of new
markets, rapid growth in traffic volume, and heavy c.pital in-
vestment resulting in expanded capacity. Regularly scheduled
flows of air freight now connect all domestic and international
trade centers.

In 1976, U.S. domestic intercity air cargo totaled aSout 3.8
billion ton-miles, about on-fourth of the free world total. The
U.S. domestic annual growth rate for 1970 - 1976 was 3.8
percent. U.S. and foreign international air cargo growth for the
same period was 10.1 percent in total and substantially higher
for developing markets.

-




Emergency Mi'itary Airlift

Unfilled
CRAF
r" = Unfilled
CRAF
B ]
Inventory Airlift Inventory
i
Existing Emergency Need

Civil Reserve Air Fleet (CRAF) Cargo Deficit

Despite its rapid growth and emerging maturity, the existing air
freight system is basically limited to small shipments of high-
value and/or time-sensitive commodities and to emergency ship-
ments of additional products. Less than half of all air cargo
moves in dedicated all-cargo aircraft; the all-cargo aircraft are
non-optimum configurations derived from passenger designs.
The pallets and containers are specially designed for the air
transportation mode without regard for high-volume efficient
linkage with the surface transport modes.

Future Needs

The Department of Transportation has expressed serious con-
cern about the ability of our surface transportation systems to
meet the nation’s physical distribution requirements over the
next fifteen to twenty years. Domestic freight transportation
requirements are projected to double duting the period from
1970 to approximately 1990, and there is growing doubt that
highway and rail capabilities can be improved and expanded
sufficiently to meet total demand. Foreign international trans-
portation requirements for post-1990 are potentially an order
of magnitude greater than our domestic needs. An expanded air
cargo system, suited to volume movements and compatible with
the surface network could absorb a greater share of this growth.

The Department of Defense is concerned by the current short-
age of all-cargo airlift capacity in the military fleet. The situa-
tion is compounded by a further shortage in the commercial
fleet which could be mobilized to meet national emergencies.
Studies are now being pursued by industry and the Air Force
for a large cargo airplane that could meet both commercial and
military needs without undue comptciise o ether.

10
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There is growing evidence that a large freighter airplane, de-
signed and dedicated exclusively for cargo use, would be of
major benefit to commercial transpbrtation users, the consumer
public, and the military. A larce cargo aircraft, incorporating
the latest technological advances and designed for compatibility
with surface transport modes, offers the prospect of significant-
ly increasing operating efficiencies and reducing the cost of air
shipments.

The technical feasibility of intermodal air cargo operations on a
volume basis has been demonstrated through an experimental
program known as Project INTACT (Intermodal Air Cargo
Test). In this joint government-industry program conducted
under the leadership of the U.S. Department of Transportation,
a wide range of conventional commercial freight was trans-
ported by air for the first time in standard 40’ highway trailers
and 8' x 8-1/2' x 40’ surface containers. In demonstration
flights conducted in October 1975, van trailers and intermodal
marine containers were packed by shippers at their own facili-
ties, driven to the airport, and loaded directly into an Air Force
heavy lift C-5A airplane with no further rehandling of the
freight itself.

1"




NASA Interest

Proposed Very Large Aircraft Systems Technology Program
~  Cargo Transportation System Studies

—  System Technology Studies

—  Research & Technology Studies

- Simulation of Handling Qualities

NASA’s Role in Advanced Air Cargo System Development

In addition to its highly successful stewardship of America’s

space programs, the National Aeronautics and Space Adminis-

tration has long been responsible for much of the nation’s fund-

amental research in aircraft technology. NASA’s Langley Re-

search ‘Center at Hampton, Virginia, is now conducting and is -
participating with “the -DOT,  DOD, and National ‘Science
Foundation: in exploratory -studies of advanced-technology all-

cargo aircraft. Preliminary results indicate that favorable operat-

ing economics would be possible. These efforts could lead to a

national program for development of an advanced anfrelghten -
for the 1990 time period.

12
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NASA Air Cargo Workshop

Langley - February 1976

Purpose . To Obtain Industry Users Views on Need and General
Guidelines for a New Large Freighter Aircraft

Results. - Strong Industry Support for New Air Cargo System -
Physically and Economically Compatible with Surface
Modes

Confirmation of Validity of NASA Advanced Civil/Military
Air Cargo Systems Study Initiatives

NASA Sponsorship of Cargo Transportation System Studies

In February 1976, NASA Langley sponsored an air cargo work-
shop to obtain industry views on needs and applications for an
advanced all-cargo airplane, A number of shippers and trans-
portation-oriented companies were represeiited. Consensus ex-
pressed- at the workshop was that a definite need exists for
expanded air cargo capability suited for repetitive large-volume
movements. Participants also recommended that NASA seek the
detailed guidance of shippers and surface carriers.in identifying
specific operational and economic criteria for the advanced air
cargo system.

13




CLASS Organization

N&SA
Langley Research Center

{ndependent
Review Board
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Lockheed-Georgia Company

|
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Trans World Airlines, Inc. Equipment Interchange Assoc.

I

D. L. Paden and Associates

NASA’s CLASS Project

In the present Cargo/Logistics Airlift System Study (CLASS),
NASA seeks to determine more specifically the nature of user
needs for an advanced intermodal air freight capability in the
1990 time period. The results will provide important guidance
for advanced cargo aircraft research and technology programs.

NASA has contracted with the Lockheed-Georgia Company for
assistance in conducting study. Lockheed heads a study team
consisting of Trans World Airiines (TWA), the Equipment Inter-
change Association (EIA) and D.L. Paden & Associates.

TWA, as a leading air freight carrier, will develop an analysis of
a normal-evolution air crago system assuming that no all-riew
cargo aircraft will be developed in the next twenty years, EIA,
an intermodal transportation association with membership from
truck, rail, ocean, and air modes, will provide expert knowledge
on modal interfaces and will also play a major role in case study
arrangements. D.L. Paden & Associates, physical distribution
and industrial survey research consultants, has designed the case
study program, will participate in company interviews, and will
compile case study results for Lockheed. Lockheed will manage
the program and integrate overall study results for submittal to
NASA’s Langley Research Center. NASA will be assisted by a
special advisory committee consisting of a representative from
the shipping community, the U.S. Department of Transporta-
tion, and the U.S. Air Force.

14




Why Case Studies?

It is expected that an advanced technology air freighter would
accommodate a much wider range of commodity and geographic
markets than is possible with today'’s air cargo system. However,
these air freight markets cannot be accurately forecasted by con-
ventional methods from gross statistical data on freight move-
ments, since the new air freight system would be expected to
attract types of freight presently limited to surface transporta-
tion. These markets can only be defined on the basis of specific
information from individual companies which might be expected
to utilize the expanded air system in their normal distribution/
transportation operations.

Becaus. of the critical need for specific information, NASA and
Lockheed iave agreed to conduct in-depth case studies of a
number of representative companies. Several different types of
shippers are included to provide a range of industrial, commercial,
and agricultural products as well as geographical locations and
company sizes. Both international and domestic distribution net-
works are of interest.

15
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Freight forwarders and surface carriers are also included in the
case studies. Inclusion of surface carriers is important because
their present operations include a wide range and mix of freight
movements that might be candidates for future long-haul trans-
portation; also, carriers may be potential partitipants in the
future air system in terms of substitute and connecting service for
their customers.

Results of the case studies will be instrumental in determining the
scope and timing of technical activities by NASA toward develop-
ment of a new cargo airplane program. Information obtained
from the shipper and carrier communities is crucial to NASA's
assessment of national need for an advanced system of this type.
At this point, the future course of the technology program is
dependent upon the participation and cooperation of shippers
and carriers who are leaders and innovators in their field. At the
same time, the case study effort offers a unique opportunity for
users ‘to influence the development of a system concept that best
serves their future transportation requirements.

How Will This be Done?

Information: will be collected through special case study booklets
and personal interviews. Participating companies will be provided
these case study booklets and detailed instructions on thé overall
study and the specific information sought. Each company is then
requested to complete the case study booklets applicable to its
line of business, with supporting data in certain areas. Follow-up
interviews, either in person or by phone, will be made to obtain
any necessary-clarification or expansion-of the data.
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AMF
Bassett
Biack & Decker
Burlington Industries [RANTANT P mpm g
Caterpillar Tractor g?g%ﬂ? ey F“"“@E 3;
Clark Equipment S BT @UAMTY
DAB Industries
Eastman Kodak
E.l. Dupont
Eli Lilly
Ex-Cell-O
Ford Motor Co’
Food Fair Stores
General Motors
Genesco’
Goodyear
Hercules
180
Internaticnal Harvester: N .
J.C. Penney - CLASS Case Study Data
MecCormick ;
McGraw-Hill o Ciitrent Distribiution and Transportation Operations
RCA :
Safeway
Scott ;
Sears Roebuck | e Assecsiient of Air Mode Selection Sensitivity
Texas Instruments: A )
United Brands
Westinghouse = Ustimated Future Use of Advanced Air Cargo System
- ‘Whirlpool: 1
Bud Antle : : P i
Florida Citrus Growers -
Goldkist : ;
Grower-Shipper Vegetable Assoc.
Monfort of Colorado '
lowa Beef Processors--
Western Growers Assos. - -
United Parcel Service
Universal Car Loadings
Emery Air Freight
Consolidated Freightways
Pacific Intermouiitain Express
Yellow Freight Lines - -
Associated Freight: Liiies:
Georgia Highway Express S ‘
Allied Van Lines e - Criteria by which air service would be selectéd in lieu of
) ) existing surface routings;

 Décision Criteria'and Process for Selecting Air-Mode in
Lieu of Surface Modes

® Desired Attributes of Advanced 1990 Air Cargo Systeni

Information: obtained through' the survey will be reduced ang
compiled: in- summary report form for submittal to'NASA. Com-
panies participating in'the survey. will'be provided a report of case
study: results.

Information-generated by the case studies includes:

o Data on the company's current distribution/transportation
network, to identify freight movements that would be
likely candidates for ling-haul air movement by an

"~ advanced system; ' '

North: American Van Lines
C&H Transport- ' C _ :
Metler Cranie & Erectioii Service: ® Projected volumes of freight for the advanced air system;

Atlantic Transfer Co. o
Burlington Northerii Y Characteristics and capabilities required in the air system to
Southiern Railway: meet: user needs.

American:President Line:

Sea-Land Services

U.S. Lines
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PROTECTION OF PROPRIETARY CASE STODY DATA

® AL PROPRIETARY DATA PROVIDED BY SURVEYED COMPANIES Ik BE APPROPRIATLLY

IDENTIFIED AS SUCH,

®  NONEOF THE PROPRIETARY DATA PROVIDED BY ANY COMPANY viiLL BE RELEASED
WITHOUT EXPRESS PERMISSION OF THE AHECTED COMPANY

®  COMPANY NAMES WIL NOT 6E DENTIFIED TCY ELEMENTS OF COMPILED AMD SUM.
MARIZED DATA REPORTED TO NASA,

¢ DATA REPORIED TC3 NASA wiILL BE COMBINED, SUMMARIZED AND ARRANGED I A
MANNER TO PRECLUDE IDENTIFICATION Y INFERENCE,

® . IF CASES EXIST WHERE COMPANY IPENTIFICATION 15 DEEMED 1MPORIANT BY NASA,
SPECIFIC PERMISSION WiILL RE RECXUESTED FROM THE AFVECTED TOMPANY,

Protection of Data

Some elements of data requested in the case studies may be con-
sidered by particular companies to be of a sensitive competitive
nature and not suitable for public disclosure, To protect any
information of possible proprietary nature, the following pro-
cedures will be followed:

None of the raw data provided to the study. team by a
participating case-study company will be released by
Lockheed to NASA or outside parties without the express
permission ot that company.

In the study report, company names will not be identified
to specific data. If company identification appears desir-
able for isolated elements of information in the report,
specific _permission: will be obtained from:the affected
company.,

Data in_the report will be arranged and combined i a
manner to preclude company ‘idnetification by inference
from the data.

If additional, more stringent data protection procedures are con-
sidered necessary by a particular company," Lockheed will be
pleased to discuss any special arrangements that seem appropti-

ate.
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APPENDIX III-A

CARLOAD WAYBILL STATISTICS
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VeV

STCC

259
251
341
306
394

363

371
358
307
411
352

19

23
229

- 364

353
205

DESCRIPTION
Misc Furn. or Fixtures
Household or Off. Furn.
Metal Cans "
Misc Fabricated Rubber
Toys, Amuse or Sport. Goods
Household Appliances
Motor Vehicles
Servicé Indus Mach's
Misc Plastic Prods
Misc Freight Shipments
Farm Machinery ,of Equipment
Ordnance or Access
Apparel
Misc Textile Goods
Elec Lighting or Wire Equip
Const'n Mach'y or Equip
Bakery Products

CARLOAD WAYBILL STATISTICS
ALL COMMODITIES - RANKED BY REVENUE PER TON-MILE

WEIGHT
(TONS)

3,067
9,185
3,013
1,579
2,025
17,064

243,228
2,114

9,383
3,760
7,083
3,126
1,774
5,529
2,004
10,966
2,908

% OF
TOTAL

0.02
0.07
0.02
0.01
0.02
0.14
1.94

0.07
0.03
0.06
0.02
0.01
0.04
0.02
0.09
0.02

CUM
%

0.02
0.09
0.1

0.12

0.14

.28
2.22
2.24
2.31

- 2.34

2.4

2.42
2.43
2.47
2.49
2.58
2.6

TON=-MILES

(THOUS)
2,634

7,737

2,153
1,083
1,878

14,977

196,767
1,798
7,685
2,803
6,945
2,471
1,413
3,941
1,980

10,343
2,538

% OF
TOTAL

0.05

0.14

0.04
0.02
0.03
0.27
3.56
0.03
0.14
0.05
0.13
0.04
0.03
0.07
0.04
0.19
0.05

APPENDIX II1-A

A ]

TABLE HI-1E-1
CUM  CENTS PER
% TON=MILE
10.05 9.07
0.19 8.91
0.23 8.70
0.25 7.89
0.28 7.50
0.55 7.34
4,11 7.01
4.14 6.92
4.28 6.34
4.33 6.26
4.46 6.02
4.5 5.68
4.53 5.62
4.6 5.47
4.64 5.36
4.83 5.06
4.88 4.89

Ui
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APPENDIX IH-A

TABLE llI-1E-2
: WEIGHT % OF CUM TON-MILES % OF CuM CENTS PER
STCC DESCRIPTION (TONS)  TOTAL % (THOUS) TOTAL % TON-MILE
301 Tires or Inner Tubes 17,528 0.14 2.74 13,392 0.24 5.12 4.85
265 Containers or Boxes, Paperbd 11,575 0.09 . 2.83 7,44 - 0.13 5.25 4.83
365 Radio-or TV Rec. Sets - 2,098 0.02 '2.85 2,256 10.04 5.29 4,68 ?

38 Instru. or Photo Goods 1,129 0.01  2.86 1,075 0,02 531  4.53 s
332 Iron or Steel Castings 19,739 0.16  3.02 . 5,788 010  5.41  4.50 "
349 Misc. Fab. Metal Prod. 6,978 0.0¢6 3.08 5,163 k0.09 5.5 4,39
264 Converted Paper, Etc. ' 54,295 0.43 3.51 38,577 . 0.70 6.2 4.39

31 Leather or Leather Prod. | 647 0.01 3.52 374  0.01 6.21 4,37
402 Waste or Scrap 334,763 2.67 6.19 86,060 1.56 7.77 4.10 '
339 Misc. Primary Metal Prod. 7,253 0.06 6.25 ': 3,231 0.06 7.83 4.05
322 Glass or Glassware 8,165 0.07 6.32 7,541 0.14 7.97 4,03
374 Railroad Equip 5 24,676  0.20  6.52 = 12,523 0.23 8.2 4.00
227 Floor Coverings 2,627 0.02 6.54 2,884 0.05 8.25 3.86
344 Fab. Struct Metal Prod. 44,390  0.39 6.93 30,397 0.55 8.8 3.84
421 Cont. Ship‘g, Ret. Empfy , 6,676  0.05 6.98 5,76  0.10 8.9 3.71
331 Steel Works Prod. ‘ 363,199 2,89 9.87 133,500 2.42 11.32 3.53
284 Soap or Other Detergents 14,045 0.11 9.98 12,020 0.22 1i.54 3.48
211 Cigarettes 4,928 0.04 10.02 6,689 0.12 11.66 3.42
207 Confectioner or Rel.. Prod. 3,317- 0.03 10.05 3,489 0.06 11.72 3.38

E-v
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r-vev

STCC

201
295
202
106
286
451
327
461
291
335
289
204
441
262
282
266
013
012
324

- DESCRIPTION
Meat, Fresh, Chilled
Paving or Roofing Mat'ls
Dairy Products
Manganese Ores .

Gum or Wood Chem.

Shippﬁerr Assoc or Sim. Traff.

Concrete, Gypsum Prod.
Misc Mixed Shipments
Prod. of Petro Ref'g.
Nonferrous Metal Basic .
Misc. Chem. Prod. |
Grain Mill Products
Frt Fwdr. Traffic 7
Paper

Plastic Materials
Building Paper or Board
Fresh Vegetables

Fresh Fruits or Tree Nuts

Hydraulic Cement

WEIGHT
(TONS)

36,275
12,295
12,024
9,089
7,305
46,592
72,128
159,167
215,226
23,311
69,174
333,332
28,546
112,275
100,353
20,790
19,769
10,325
156,799

% OF
TOTAL

0.29
0.10
0.10
0.07
0.06
0.37
0.57
1.27
1.71
0.19
0.55
2.65
0.23
0.89
0.80
0.17
0.16
0.08
1.25

CuM
%

10.34
10.44
10.54
10.61
10.67
11.04
11.61
12.88
14.59
14.78
15.33
17.98

18.21

19.1
19.9
20.07
20.23
20.31
21.56

TON=-MILES
(THOUS)

26,755
5,317
9,063

2,787
5,206

58,754

22,749

161,957
109,307

23,677
51,468

175,030
45,445
89,772
86,778
17,083
36,761
21,250
42,420

% OF
TOTAL

0.48
0.10
0.16
0.05
0.09
1.06
0.41
2.93
1.98
0.43
0.93
3.17
0.82
1.63
1.57
0.31
0.67
0.38
0.77

APPENDIX H1-A
TABLE I111-1E-3

CUM  CENTS PER

%
12.2
12.3
12.46

12,51

12.6

13.66
14.07
17.00
18.98
19.41
20.34
23.51
24.33
25.96
27.53
27.84
28.51
28.89
29.66

TON-MILE
3.38
3.29
3.23
3.18

13.09
13.08
2.96
2.96
2.95
2.89
2.88
2.87
2.87
2.85
2.82
2.82
2.81
2.74
2.73
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STCC

27
109
11
144
299
208
281
329
101
263
209
249
422
241
287

08
203

1325
206

DESCRIPTION
Printed Matter
Misc. Metal Ores
Anthracite

Misc. Coal or Petro. Prod.

Beverages or Flav'g Extracts

Indus. Inorganic C‘hem.‘ ‘
Abrasives or Asbestos
Iron Ores

Fiberboard, Etc.

Misc. Fbod}P;rep.

Misc. Wood Products
Trailers, S{e‘n‘in"s, Ret. "Empfy
Pt;imggy Forest Matl's
AgricUi"fural Chem.
Forest Products

Canned or Pres'd Fruits
Struct. Clay Prod.

Sugar, Beet or Cane

WEIGHT
(TONS)

2,433
19,893
21,975

330,329
190,456
117,050

555,607

244,942
1,117,254
184,772
223,952
43,202
4,023
614,557
136,328
5,589
87,645
49,754
76,434

% OF
TOTAL

0.02
0.16
0.17
2.63
1.52
0.93
4.42
1.95
8.90
1.47
1.78
0.34
0.03
4.89
1.09
0.04
0.70
0.40
0.61

CuM
%

21.58
21.74
21.91
24.54
26.06
26.99

31.41

33.36
42.26

43.73

45.51
45.85
45.88

50.77

51.86
51.9
52.6
53.0
53.61

TON=-MILES
(THOUS)

3,544

6,369
6,732
65,291
80,158
105,834
387,439
137,544
137,429
137,147
134,536
49,362
2,653
99,339
73,112
6,137
126,685
27,892
69,060

% OF
TOTAL

0.06
0.12
€.12
1.18
1.45
1.92

7.02.

2.49
2.49
2.48
2.44

0.89

0.05

1.80 -

1.32

0.11

2.30
0.51
1.09

APPENDIX If1-A

-

TABLE HI-1E-4. .
CUM  CENTS PER
% TON-MILE
29.72 2.66
29.84 2.62
- 29.96 2.62
31.14 2.56
32.59 2.56
34.51 2.53
41.53  2.53
44,02 2.51
46,51 2.51
48.99 2.48
51.43 2,46
52,32 2.42
52,37 2.40
54,17 2.39
55.49 2.37
55.6 2.34
57.9 2.33
58.41 2.32
59.5 2.28

o
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9-veY

STCC

243
333
142
011
242
105
103
261
145
149

09
131
147
112
102

DESCRIPTION
Millwork Products
Non-Ferrous Metal
Crushed or Broken Stone
Field Crops
Sawmill Products
Bauxite or Other Al. Ores
Lead or Zinc Ores
Pulp or Pu!:p Mill Prod,
Clay, Ceramic or Refractory
Misc. Nonmetallic Min'ls
Fresh Fish, Etc.

Crude Petroleum or N.G.
Chemical or Fert. Min'ls
Bi‘fuminous Coal

Copper Ores

WEIGHT
(TONS)

78,303
64,562
459,313
1,155,751
149,614
63,162
22,321
55,865
30,157
53,056
1,023
20,786
431,656
3,120,264
75,613

% OF
TOTAL

0.62
0.51
3.59
9.20
1.19
0.50
0.18
0. 44
0.24
0.42
0.01
0.17
3.44
24.85
0.60

CuM
%

54.23
54.74

58.33

67.53
68.72
69.22
69.4

69.84
70.08
70.5

70.51
70.68
74.12
98.97
99.57

TON-MILES
(THOUS)

106, 607
72,923
73,694

520,006
198,001
31,308

8,502

48,980
14,139
31,634

889
8,373

65,556

998,381
12,445

% OF
TOTAL

1.93
1.32
1.34
9.42
3.59
0.57
0.15
0.89
0.26
0.57
0.02
0.15
1.19
18.09
0.23

APPENDIX HI-A
TABLE HlI-1E~5

CUM  CENTS PER
%  TON-MILE

61.43 2.26
62.75 2.25

64.09  2.24

73.51  2.24 "
77.1 2.21

77.67 2.14

77.82 2.10

78.71 . 2.06

78.97  2.06

79.54 1.98

79.56 1.98

79.71 1.82

80.9 1.79

98.99 1.64

99.22 1.57

b i drlt
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 STCC

259
251
341
306
394
363
371
358
307
352

23
229

364
353
205
301
265

MANUFACTURED GOODS - RANKED BY REVENUE PER TON-MILE

DESCRIPTION

Misc Furn. or Fixtures
Household or Off. Furn.
Metal Cans

Misc Edbricated‘ Rubber
Toys, Amuse or Sport Goods
Household ‘App| iances
Motor Vehic|‘es ;

Service Indus:Mach's

Misc Plosﬁc Prods

Farm Mc:ch'yE or Eq'ubip :
Apparel
Misc Textile Goods

"Elec Lighting or Wire Equip

Const'n Mach'y or Equip
Bakery Products

Tires or Inner Tubes

Containers or Boxes, Paparid

CARLOAD WAYBILL STATISTICS

WEIGHT
(TONS)

3,067
9,185
3,013
1,579
2,025
17,064
243,228
2,114
9,383
7,083
1,774
5,529
2,004
10,966
2,908
17,528
1,575

% OF
TOTAL

.06

.11
.04
.22
.06
.35
.23

CUM
%

.06
.25
.31
.34
.38
.72
5.62
5.66
5.85
5.99
6.03
6.14
6.18
6.4
6.46

 6.81

7.04

TON=-MILES

(THOUS)
2,634
7,737
2,153
1,083
1,878

14,977
196,767
1,798
7,685
6,945
1,413
3,941
1,980
10,343
2,538
13,392
7,441

% OF
TOTAL

.09
.25
.07
.04
.06
.49
6.42

.06

.25
.23
.05
.13

.34
.08
.44
24

APPENDIX I1i-A
TABLE H1-2E-1

CUM
%

.09
.34

CENTS PER
TON-MILE

9.07
8.91
8.70
7.89
7.50
7.34
7.01
6.92
6.34
6.02
5.62
5.47
5.36
5.06
4.89
4.85
4.83

.f, R
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8-VEV

STCC
365
38

- 332

349
264

31
339
322
374
227
344
331

284

211
207
201
295
202
286
327
291

DESCRIPTION

Radio or TV Rec. Sets
Instru. or Photo Goods
lron or Steel Castings
Misc. Fab. Metal Prod.
Converted Paper, Etc.

Leather or Leather Prod’

Misc. Primary Metal Prod.

Glass or Glassware

- Railroad Equip

Floor Coverings

Fab. Struct Metal Prod.
Steel Works Prod.

Soap or Other Detergents

Cigarettes

Confectioner or Rel. Prod.

Meat, Fresh, Chilled
Paving or Roofing Matl's
Dairy Products

Gum or Wood Chem.
Concrete, Gypst Prod.
Prod. of Petro Ref'g.

WEIGHT
(TONS)

2,098
1,129
19,739
6,978
54,295
647
7,253
8,165
24,676
2,627
44,390
363,199
14,045
4,928
3,317
36,275
12,295
12,024
7,305
72,128
215,226

% OF
TOTAL

.04
.02
.4
.14
1.1
.01
15
.16
«d
.05
.9
7.33
.28
.
.07
.73
.25
.24
.15
1.46
4.34

CUM
%

7.08
7.1
7.5
7.64
8.74
8.75
8.9
9.06
9.56
9.61
10.51
17.84
18.12
18.22
18.29
19.02
19.27
19.51
19.66
21.12
25.46

TON-MILES
(THOUS)

2,256
1,075
5,788
5,163

38,577
374
3,231
7,541
12,523
2,884
30,397
133,500
12,020
6,689

3,489

26,755
5,317
9,063
5,206

22,749

109, 307

% OF
TOTAL

.07
.04

4.36
.39
.22
1
.87
A7

APPENDIX Ill-A
TABLE 111 -2E~2

CUM
%

9.37
9.41
9.6
9.77
11.03
11.04
11,15
11.4
11.81
11.9
12.89
17.25
17.64
17.86
17.97
18.84
19.01
19.31
19.48
20.22
23.79

CENTS PER
TON-MILE

4.68
4,53
4.50
4.39
4,39
4.37
4.05
4.03
4,00
2. 86
3.84
3.53
3.48
3.42
3.38
3.38
3.29
3.23
3.09
2.96
2.95



6-veY

STCC
335
289
204
262
282
266
324
27
299
208
281
329
263
209

249

241
287
203
325

‘DESCRIPTION

Nonferrous Metal Basic
Misc. Chem. Prod.
Grain Mill Products
kPaper' ’
Plastic Materials
Building Paper or Board
Hydraulic Cement |
Printed Maffer 7

Misc, Coal or Petro. Prod.

Beverages or Flav'g Extracts

Indus. lnokt:'gcnic Chem.
Abrasives o r Asbestos
Fiberboard, Etc.

Misc. Food Frep.
Misc. Wood Products
Primary Forest Mat'ls
Agricultural Chem.
Canned or Pres'd Fruits

Struct. Clay Prod.

WEIGHT

(TONS)
23,311
69,174

333,332

112,275

100,353
20,790

156,799

2,433

190,456
117,050
555,607
244,942
184,772
223,952

43,202
614,557
136,328

87,645

49,754

% OF
TOTAL

.47
1.4
6.73
2.27
2.03

CUM
%

25.93
27.33
34.06
36.33
38,36
38.78

41,94
41.99

45,83
48,19
59.4

64.34
68.07
72.59
73.46
85.86
88.61
90.38
91.38

TON-MILES
(THOUS)

23,677
51,468
175,030
89,772
86,778
17, 083
42,420

3,544
80, 158
105,834
387,439
137,544
137,147
134,536
49,362
99,339
73,112
126,685
27,3892

% OF
TOTAL

77
1.68
5.71
2.93
2.83

.56
1.38

.12
2.62
3.45

12.64
4.49

- 4,48
4,39

1.61
3.24
2,39
413

- 71

APPENDIX 111 -A
TABLE i11-2E-3

CUM  CENTS PER
% TON-MILE

24.56 2.89
26.24 2.88
31.95 2.87
34.88 2,85
37.71 2.82

38.27 2.82
39.65 273
39.77 2,66
42,39 2.56
45,84 2.53
58.48  2.53
62.97 2.5
67.45  2.48
71.84  2.46
73.45  2.42

76,69 2,39
79.08  2.37
83.21  2.33
3492 2.32

!
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STCC

206

243

333

242
261

- DESCRIPTION

Sugar, Beet or Cane
Millwork Products
Non-~Ferrous Metdl
Sawmill Products

Pulp or Pulp Mill Products

WEIGHT
(TONS)

76,434
78,303
64,562
149,614
55,865

% OF
TOTAL

1.54
1.58
1.30
3.01
1.13

CUM
%

92.92
94.5
95.8
98. 81
99.94

TON-MILES
(THOUS)

60,060
106,607
72,923
198,001
48,980

% OF
TOTAL

1.96
3.48
2.38

6.46

1.6

APPENDIX I11-A

TABLE 111-2E-4
CUM  CENTS PER
%  TON-MILE
86.08  2.28
89.56  2.26
91.94  2.25
98.4 2.21
100 2.06
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Total Carloéd Trofffc
STCC DESCRIPTI_QN

01

08

09
10

1M
13

14
19

20
21

22

23

24
25

26
27

Farm Products
For’esf‘ Products
Fresh F|sh Efc:? !
Metallic Ores
Cdalf e

Crude Pefroieum
Ng_gmgtdivl‘ic Min'l's
O:rdri:once or.Access
Food or Kindred Prod.
Tobacco Products
Textile Mill Prod.
Apparel

. Lumber or Wood Prod,

Furniture or Fixtures

Pulp, Paper or Allied Prod.,

Printed Matter

CARLOAD WAYBILL STATISTICS
BASIC DATA - 2-DIGIT BREAKDOWN

WEIGHT
(TONS)

12,557,565

1,191,338
5,589
1,023
1,309,789
3,142,239
24,953

1,297,126
3,126

892,937
6,395
10,138
1,774
887,549
13, 666
439,572
2,433

% OF TON-MILES

TOTAL
100.0

9.49
0.04
0.01
10.43
25.02
0.20
110.33
0.02

—7.11

0.05

0.08
0.01
7.07
0.11
3.50
0.02

(THOUS)

5,520,056

582,615
6,137
889
200,327
1,003,114
10,705
251,140
%, 471
643,991

TOTAL

8,870
1,413
454,611
11,456
339,000
3,544

109.0

10,55
0.1
0.02
3.63
18.21
0.19
4.55
0.04
11.67
0.13

0.16

0.03
8,24
0,21
6.4
0.06

(MILES)

445

489
1092
869
153
320
429
194
790
721
1139
575

797

58.6

56.3
128.6
86.2
18.2
26.4
40.7

21.0

224.4
94.0
194.2
199.3
224.1
58,6
370.1
108, 1
193.8

B

APPENDIX IlI-A
TABLE HlI-3E~1

% OF AVG DIST AVERAGE REVENUE (¢)
PER CWT PER TON-MILE

2.67

2.30

2.34

1.98
2.38
1.65
1.90

2.16
5.68

2.61
3.41
4.56

5.62

2.29
8.83
2,80

2.66

o

o
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28

29
30
31
32
33
34
35

36

37
38
39
40
4]
42

44
45
46

Chemicals or Allied Prod.
Petroleum or Coal Prods
Rubber or Misc Plastic
Leather or Leather Prod.
Clay, Concrete, Glass
Primary Metal Prod.
Fabricated Metal Prod.
Machinery

Electrical Mach'y or Equip
Transportation Equip
Instru. or Photo. Goods
Misc. Prod. of Mfrg.
Waste or Scrap Mat'ls
Misc. Freight Shipments

Containers, Shipping, Ret.
Empty

Frt Fwdr. Traffic

Shipper Assoc. or Sim. Traff.

Misc. Mixed Shipments

WEIGHT
(TONS)

887,361
417,977
28,999
647
537,415
479,584
64,475

26,562

26,019
269,332
1,129
3,006
335,172
4,379
10, 699

28,546
46,592
159,924
12,557,465

APPENDIX I11-A
TABLE 111-3E-2

% OF TON-MILES % OF AVG DIST AVERAGE REVENUE (¢)

TOTAL
7.07
3.33
0.23
0.01
4.28
3.82
0.51
0.21
0.21
2.14
0.01
0.02
2.67
0.03
0.09

0.23
0.37
1.27

100.00 5

(THOUS)
620,195
194,783
22,425
374
242,466
239,832
42,462
25,077
23,475
210,537
1,075
3,150
86,242
3,014
8,369

45,445
58,754
162,800

,52C,042

TOTAL
11.24
3.53
0.41
0.01
4.39
4.34

0.77 -

0.45
0.43
3.81
0.02
0.06
1.56
0.05
0.15

0.82
1.06
2,95
100.00

(MILES)
699
466
773
579
451
5C0
659
944
902
782
952

1,048
257
688
782

1,592
1,261
1,018

PER CWT PER TON-MILE

91.0 2.61
© 65.2 2.80
212.3 5.49
126.5 4.37

59.7 2.65
.77.8 3.1
140. 4 4.26
262.6 5.56
296.9 6.58
267.1 6.83
215.5 4.53
339.3 6.48

52.6 4.09
207.8 6.04
128.9 3.29
228.4 2.87
194.2 3.08
150.8 2.96
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APPENDIX I11-A
TABLE 1i1-4E-1

; CARLOAD WAYBILL STATISTICS
BASIC DATA - 3-DIGIT BREAKDOWN (2-DIGIT DATA WHERE NO 3-DIGIT AVAILABLE)

WEIGHT % OF TON-MILES % OF AVGDIST AVG REVENUE (CENTS)
(TONS) TOTAL  (THOUS) TCTAL  (MILES) PER CWT PER TON-MILE

TOTAL CARLOAD TRAFFIC 12,557,565 100.0 5,520,056 100.0 440 58.6 2.67
STCC DESCRIPTION | | ®
011 Field Crops 1,155,751 9.20 520,006  9.42 450 50.5 2.24
012  Fresh Fruits or Tree Nuts 10,325  0.08 21,250  0.38 2058 281.8 2.74
013  Fresh Vegetables - 19,769 - 0.16 36,761 0.67. 1860 261.2 2.81
01  Total - . 1,185,845 = 9.44 578,017 10.47 - - -
01  Farm Products 1,191,338 9.49 582,615  10.55 489 56.3 2.30
08  Forest Products 5,589  0.04 6,137  0.11 1098 120.6 2.34
09  Fresh Fish Ete 1,023 0.01 889  0.02 869 86.2 1.98
101 lron Ores » 1,117,254  8.90 137,429  2.49 123 15.4 2.51
102 Copper Ores. 75,613 0.60 12,445  0.23 165 12.9 1.57
103 Lead or Zinc Ores 22,321  0.18 8,502  0.15 381 40.0 2,10
105  Bauxite or Other Al. Ores 63,162 0.50 31,308  0.57 496 53.1 2.14
106  Manganese Ores 9,089  0.07 2,787  0.05 307 48.8 3.18
109 Misc. Metal Ores 19,893  0.16 6,369  0.12 320 41,9 2.62
10 Total 1,307,332 10.41 198,840  3.60 - - -
3.63 153 18,2 2,38

10 Metallic Ores 1,309,789 10.43 200,327

a0
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APPENDIX 111-A

i

o TABLE 111-4E-2
WEIGHT =~ % OF TON-MILES % OF AVG DIST AVG REVENUE (CENTS) :
STCC DESCRIPTION (TONYS) TOTAL  (THOUS) TOTAL  (MILES) PER CWT PER TON-MILE :
111 Anthracite 21,975 0.17 6,732 0.12 306 40.1 2,62 i
112 Bi tuminous Coal 3,120,264  24.85 998, 381 18.09 320 26.3 1.64
11 Total 3,142,239  25.02° 1,005,113 18.21 - - - .
11 Codl 3,142,239  25.02 1,005,114 18.21 320 26.4 1.65
131  Crude Petroleum or N.G. 20,786 0.17 8,373 0.15 403 36.7 1.82
13 Total 20,786 0.17 8,373 0.15 - - - »
13 Crude Petroleum 24,953 0.20 10,705 0.19 429 40.7 1.90
142 Crushed or Broken Stone 450,313 3.59 73,694 1.34 164 18.3 2.24
144 Gravel or Sand 330, 329 2.63 65,291 1.18 198 25.3 2.56
145  Clay, Ceramic or Refractory 30,157 0.24 14,139 0.26 469 48.4 2.0¢
147 Chemical or Fert. Min'ls 431,656 3.44 65,556 1.19 152 13.6 1.79
149 Misc. Nonmetallic Min'ls 53,056 0.42 31,634 0.57 596 58.9 1.98
14 Total : 1,295,511 10.32 250,314 4.53 - : - -
14 Nonmetallic Min'ls 1,297,126 10.33 251,140 4.55 194 21.0 2.16
19 Ordnance or Access 3,126 0.02 2,471 0.04 790 224.4 5.68
201 Meat, Fresh, Chilied 36,275 0.29 26,755 0.48 738 124.7 3.38
202 Dairy Products - 12,024 0.10 9,063 0.16 754 121.8 3.23
203 Canned or Pres'd Fruits 87,645  0.70 126,685 2.30 1445 168. 4 2.33
204 Grain Mill Products 333,332 2.65 175,030 3.17 525 75.5 2.87
205 Bakery Products 2,908 0.02 2,538 0.05 873 213.6 4.89
206 Sugar, Beet or Cane 76,434 0.61 60,060 1.09 786 89.6 2.28
207 Confectionery or Rel. Prod. 3,317 0.03 3,489 0.06 1052 177.5 3.38
208 Beve ages or Flav'g Extracts 117,050 0.93 105,834 1.92 904 114.3 2.53
209 Misc. Food Prep. 223,952 1.78 134,536 2.44 601 74,0 2.46
20 Total , 892,937 7.11 643,990 11.67 - - -
20 Food or Kindred Prod. 892,937 7.11 643,991 11.67 721 94.0 2.61

ap W
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STCC
211
21
21

227

229
22
22

23

241
242
243
249
24
24

251
259
25

25

DESCRIPTION
Cigarettes

Toial

Tobacco Products

Floor Coverings -
Misc. Textile Goods
Total ,
Textile Mill Prod.

Apparel

Primary Forest Mat'ls
Sawmill Products
Millwork Products
Misc. Wood Products
Total

Lumber or Wood Products

Household or Off. Furn.
Misc. Fumn. or Fixtures

Total
Fumiture or Fixtures

WEIGHT
(TONS)

4,928
4,928
6,395

2,627
5,529
8,156
10,138

1,774

614,557
149,614
78,303
43,202
885,675
887,549

9,185
3,067
12,252
13, 666

% OF
TOTAL

0.04
0.04
0.05

TON-MILES

(THOUS)

6,689
6,689
7,284

2,884
3,941
16,825
8,870

1,413

99,339
198,001
106,607

49,362
453,309
454,611

7,737

2,634
10,371
11,456

% OF AVG DIST AVG REVENUE (CENTS)

TOTAL PER CWT PER TON-MILE

0.12
0.12

C.13

(MILES)

1357

1139

-1098

713

875

797

162
1323
1361
1143

512
842
859

838

APPENDIX 1H-A

TABLE 111-4E~3

232.0
194.2

212.1
195.1

- 199.3
224.1
19.3
146.2
154.0
138.2
58.6

375.2
389.6

370.1

3.42
341

3.86

 5.47
4,56

5,62

2.39
2.21
2.26
2.42
2.29
8.91
9.07

8.83

&
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STCC

261
262

263

264
265
266
26
26

27

281
282
284
286
287
289
28

291

295

299
29
29

WEIGHT
DESCRIPTION (TONS)
Pulp or Pulp Mill Prods 55,865
Paper 112,275
Fiberboard Etc.. . . 184,772
Converted Paper Etc. 54,295

Containers or Boxes, Paperbd 11,575
Building Paper or Board , 20,790
Total 439,572
Pulp, Paper, or Allied Prod. 439,572

Printed Matter

2,433
Indus Inorganic Chem 555,607
Plastic Materials 100,353
Soap or Oth Detergents 14,045
Gum or Wood Chem. 7,305
Agricultural Chem, 136,328
Misc Chem Prod. 69,174

Total - . 882,812

Chemicals.or Allied Prod, 887,361
Products of Petro Ref'g 215,226
Paving or Roofing Mat'ls 12,295
Misc. Coal or Petro. Prod. 190,456

Total 417,977
Petroleum or Coal Prod. 417,977

% OF
TOTAL

0.44
0.89
1.47
0.43
0.09

- 0.17

3.50
3.50

0.02

NNO =000 M
® s e e e e o o
COUNOO ~mh
NLOOh OO~ N

—
~N
—

0.10
1.52
3.33
3.33

TON-MILES
(THOUS)

48,980
89,772
137,147

38,577

7,441
17,083
339,000
339,000

3,544

387,439
86,778
12,020
5,206
73,112
51,468
616,023
620,195

109,307
5,317
80,158
194,782
194,783

APPENDIX 1l1-A
TABLE I11-4E-4

% OF AVG DIST AVG REVENUE (CENTS)

TOTAL

0.89
1.63
2.48
0.70
0.13
0.31
6.14
6.14

0.06

7.02
1.57
0.22
0.09
1.32
0.93

11,16

11.24

1.98
0.10
1.45
3.53
3.53

(MILES) PER CWT PER TON-MILE

877  90.5 2.06
800 113.8 2.85
742 92.1 2.48
692 155.8 4.39
643 155.4 4,83
822 115.9 2.82
771 108. 1 2.80
1456 193.8 2.66
697 88.1 2.53
865 121.8 2.82
856 149.1 3.48
713 110.1 3.09
536 63.5 2,37
744 107.1 2.88
699 ' 91.0 2.61
508 74,9 2.95
432 71.2 3.29
421 53,9 2.56
466 65.2 2.80

-
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APPENDIX HI-A

TABLE il -4E-5
WEIGHT % OF TON-MILES % OF AVG DIST AVG REVENUE (CENTS)
STCC  DESCRIPTION (TONS) TOTAL  (THOUS) TOTAL  (MILES) PERCWT PER TON-MILE
3C1 Tires or Inner Tubes 17,528 0.14 13,392 = 0.24 764 185.3 4,85
306  Misc. Fabricated Rubber 1,579 0.01 1,083  0.02 686 270.7 7.89
307 Misc. Plastic Prod. 9,383 0.07 7,685 0.14 819 259.5 6.34
30 Total o 28,490 0.23 22,160 0.40 - - -
30 Rubber or Misc Plastic 28,999 0.23 22,425 0.41 773 212.3 5.49
31 Leather or Leather:Prod. 647 0.01 - 374 0.01 579 126.5 4,37
322 Glass or Glassware : 8,165 0.07 7,541 0.14 924 186.0 - 4,03
324 Hydraulic Cement 156,799 1.25 42,420 0.77 271 - 36.9 2.73
325 - Struct. Clay Prod. 49,754 0.40 27,892 0.51 561 65.1 2.32
327 Concrete, Gypsum Prod. 72,128 0.57 22,749 0.41 315 46.7 2.96
329 Abrasives or Asbestos 244,942 1.95 137,544 2.49 562 70.4 2.51
32 Total 531,788 4.23 238,146 4.31 - - -
32 Clay, Concrete, Glass 537,415 4,28 242,466 4,39 451 - 59.7 2.65
331 Steel Works Prod. 363,199 2.89 133,500 2.42 368 64.9 3.53
332 fron or Steel Castings 19,739 0.16 5,788 0.10 293 66.0 4.50
333 Non Ferrous Metal 64,562 0.51 72,923 1.32 1130 126.8 2.25
335 Non Ferrous Metal Basic 23,311 0.19 23,677 0.43 1016 146.9 2.89
339 Misc. Primary Metal Prod. 7,253 0.06 3,231 0.06 445 90.3 4,05
33 Total - 478,064 3.81 239,119 4,33 - - -
33 Primary Metal Prod. 479,584 3.82 239,832 4,34 500 77.8 3.11
341 Metal Cans ' 3,013 0.02 2,153 0.04 715 3iC.7 8.70
344 Fab Struct. Metal Prod. 49,390 0.39 30,397 0.55 615 118.2 3.84
349 Misc. Fab. Metal Prod. 6,978 0.06 5,163 0.09 740 162.4 4,39
34 Total 59,381 0.47 37,713 0.68 - - -
34 F~hricated Metal Prod. 64,475 0.51 42,462 0.77 659 140.4 4,26
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STCC
352

353

358

35

363
364
365

36

36

371

374
37
37

38
394
39
39

402
40

40

: WEIGHT
DESCRIPTION (TONS)

- Farm Mach'y or Equip. 7,083
Const'n Mach'y or Equip.. 10, 966
Service Indus. Mach’s. 2,114
Total - 20,163
Machinery ’ : 26,562
Household Appliances ]7;064 i

Elec. Lighting or Wire Equip 2,004

Radio or TV-Reer Sets 2,098
Total - S 21,166
Elec. Mach'y or Equip. 26,019
Motor Vehicles 243,228
Railroad Equip. 24,676
“Total - 267,904
Transportation Equip. 269, 332
~Instru, or Photo. Goods 1,129
Toys, Amuse, or Sporf.:‘,Géods 2,025
Total G 2,025
Misc. Prod. of Mfrg 3,006
Waste or Scrap 334,763
- Total S 334,763
Waste or Scrap Mat'ls

- 335,172

% OF  TON-MILES
TOTAL

0.06 6,945

(TH O‘US)

0.09 10,343
0.02 1,798
0.16 19,086
0.21 25,077

0.1

0.0; 1,980
0,02 2,256
1 0.17 19,213
0.21 23,475

1.94- 196,767
0.20. . 12,523
2.13 209,290
2.14 210,537

0.01 1,075
0.02 1,878
0.02 1,878
0.02 3,150

2.67 86,060
2.67 86,060
2.67 86,242

4 14,977
2 ;

% OF AVG DIST A

TOTAL

0.13
0.19
0.03
0.35
0.45

(MILES)

981
943
851

om

APPENDIX 111-A

TABLE Ill-4E-6

VG REVENUE (CENTS)
PER CWT PER TON-MIL

295.3 6.02
238.5 5.06
294.4 6.92

262.6 5.56

322.3 7.34

2646 5,36
251.3 - 4.68

296.9 6.58

283.7  7.01
1015 4,00
267.1 6.83

215.5  4.53
u7.8  7.50
339.3 6.48

52.6 4.10

52.6 . 4.09

’(,‘l
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STCC

411
4]

421
422
42
42

441
451

45
45

461
46

DESCRIPTION .

Misc. Freight Shipments
Total ‘
Misc. Freight Shipments

Cont. Ship'g Ret. Empty

Total ‘ ]
Containers, Shipping, Ret.
Empty ‘

Fri Fwdr Trafﬁc
Total v
Frt Fwdr Traffic

WEIGHT

(TONS)

3,760
3,760
4,379

6,676

Trailers, Semi's, Ret. Empty 4,023

10,699

10,699

28,546

28,546

28,546

Shipper Assoc or Sim. Traff. 46,592

 Total :
. Shipper Assoc or Sim. Traff

Misc. Mixed Shipments

Total

‘Misc. Mixed Shi pments

46,592

. 46,592

159,167
159,167

159,924

‘‘‘‘‘‘

% OF
TOTAL

0.03
0.03
0.03

0.05
0.03
0
0

.09

TON-MILES

2,803
2,803
3,014

5,716
2,653
8,369
8,369

45,445
| 45,445
45,445

58,754
58,754
58,754

- 161,957
161,957

162,800

0.05
0.05

0.05 -

0.10
0.05.
0.15

.1
.1

688

856
660

782

1592

1592

1261

1261

1018

1018

s

APPENDIX HI-A
TABLE I11-4E~7

% OF AVG DIST  AVG REVENUE (CENTS)
(THOUS) TOTAL — (MILES) -PER CWT

233.3

207.8

158.8

79. l

128.9

228.4

228.4

194.3
194.3

- 150.5

150.8

F
e K

PER TON-MILE
6.26

2.87
2.87
3.08

3,08
2.96

2.96

DT SR v O T ; 5y
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WEIGHT
S (METRIC
STCC  DESCRIPTION . TONYS)
259 Misc-Furn. or Fixtures = - 2,782
251 Household or Off. Fum. 8,332
341 Metal Cans 2,733
306 Misc Fabricated Rubber 1 ,432
- 394 Toys, Amuse or Sport. Goods 1,837
363 Household Appliances 15,480
371 Motor Vehicles .. .220,653
358 Service Indus Mach's 1,918
‘ 307 Misc Rldstic?rPrl:dds T 8,512
411 Misc Freight Shipments 3,411
352 Farm Machinery or Equnpment 6,426
19 Ordnance or Access 2,836
23: Apparel , , 1,669 ;
229 Mis Textile Goods 5,016
: 364 Elec ..|ghhng or ere Equnp 1,818
‘353‘ Const n chh 'y or Equnp 9,948

205 Bdkery Products 2,638

APPENDIX 111-A
TABLE Hi-1M-]

CARLOAD WAYBILL STATISTICS
~ALL COMMODITIES - RANKED BY REVENUE PER TON-MILE

% OF
TOTAL

0.02
0.07

0.02

0.01
0.02
0.14
- 1.94
0.02

0.07 |

0.03
0.06
0.02
0.01
0.04
0.02
0.09
0.02

CUM
%

0.02
0.09
0.1
0.12

" 0.14
.28

2.22
2.24
2.31
2.34
2.4
2.42
2.43
2.47
2.49
2.58
2.6

METRIC
TON-KM— % OF  CUM
(THOUS) — TOTAL %

3,846 — 0.05  0.05
11,296 = 0.14  0.19
3,143  0.04  0.23
1,581 0.02  0.25
2,742 0.03  0.28
21,866  0.27  0.55
287,274 3.56 4.1
2,625 0.03 4,14
11,220 0.14 4,28
4,092 0.05  4.33
10,140 | 013 4.46
3,608 0.04 4.5
12,063 0.03 4.53
5,754 0.07 4.6
2,891 0.04  4.64
15,100 0.19  4.83
3,705 0.05  4.88

et

CENTS PER
METRIC
TON-KM

6.2
6.10
5.96
5,40
5.14
5.0
4.80
4.74
4.34
4.29
4,12
3.89

13.85
3.75

3,67
3.47
3.35

.3 .
e e
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STCC

301
265
365

38
332

349

264

31
1402

339
322
374
227
344

21

331

'234

211
207

Tires or Inner Tubes |
Containers ég Boxes, Pcperbd;
Radio or TV Ree. ‘Sefs |
lnsfrij). or Photo‘G,godA;W [
Iron or Steel Castings
Misc*\.ﬂFcb. Metal Prod.
Converted Paper, Etc.
Leather or Leather Prod.
Waste or Scrap

Misc. Primary Metal Prod.
‘Glass or Glassware |
Railroad Equip

Floor Coverings
Foberucf Méfal Procif. i
Colnf.:Ship'gj, Ret. Empfy';
‘i Sféeli Works Prod.:

Soap or Other Detergents E

Cigarettes

Confectioner or Rel. Prod.

DESCRIPTION

i

WEIGHT
(METRIC
TONS)

15,901
10,501
1,903
1,024

-17,907

6,330
49,256
587

303,692

6,580
7,407
22,386
2,383
40,270
6,056
329,489
12,741
4,471
3,009

% OF
TOTAL

0.14
0.09
0.02
0.01
0.16

0.06

0.43
0.01
2.67
0.06
0.07

0.20

0.02
10.39
0.05
2.89
0.11
0.04
0.03

CuM
%

.2.74
2.83
2.85
2.86
3.02
3.08

3.51
3.527

619
6,25

6.32

6.52

6.54

6.93
6.98
9.87
9.98

10.02

10.05

METRIC

TON-KM _

(THOUS)

19,552
10,864

3,294
1,569
8,450

7,538

56,321
546
125,645

] 4,717
11,010
18,283

4,211

44,379
8,345

194,906

17,549
9,766

5,094

% OF
TOTAL

0.24
0.13
0.04
0.02
0.10
0.09
0.70

0.0l

1.56
. 0.06
0.14
0.23
0.05
0.55
0.10

2.42
0.22

0.12
0.06

APPENDIX Ii1-A
TABLE IlI-1M-2

CUM
%

5,12
5,25
5.29

5.31

5.4
5.5
6.2
6.21
7.77
7.83
.7.97
8.2
8.25

-8.8

8.9
11.32
11.54
11.66
11.72

CENTS PER

METRIC
TON-KM

3.32
3.3
3,21
3.10
3.08
- 3.01
3.01
2,99
2.8
2.77
2.76
2.74

2.64

- 2,63
2.54
2.42

- 2.38
2.34
2.32

-

M3
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APPENDIX HI-A
TABLE HI-1M<3

WEIGHT | METRIC | CENTS PER

5 | (METRIC % OF CUM  TON-KM 9% OF CUM  METRIC

STCC ~ DESCRIPTION TONS)  TOTAL % (THOUS)  TOTAL % TON-KM
201 Meat, Fresh, Chilled 32,908 0.29  10.34 39,062 0.48  12.2 2.32
295 Paving or Roofing Mat'ls j O 1L154 0,10 10.44 7,763 0.10  12.3  2.25
202 Dairy Products 10,908 0.10  10.54 13,232 0.16  12.46 2.2
106 Manganese Ores 4 8,245 0.07  10.61 4,069 0.05 12.51 2,18

286 Gum or Wood Chem. 6,627 0.06  10.67 7,601 0,09  12.6 2.12
(451 Shipper Assoc or Sim. Traff. 42,268 0.37  11.04 85,779  1.06  13.66  2.11
327 Concrete, Gypsum Prod. 65,433 0.57 11610 33,213 0.41 1407 2.03
461 Misc Mixed Shipments 144,394 1.7 12.88 236,453 2,93  17.00  2.03
291 Prod. of Petro Ref'g. - 195,250 171 14.59 159,585 1.98  18.98 12,02
335 Nonferrous Metal Basic 21,147 - 0.19 14,78 ; i34,568" — 0,43 19.41 1.98
289 Misc. Chem. Prod. 62,754 0,55 15.33 75,142 ©  0.93  20.34 1.97
204 Grain Mill Products 302,39% 2,65  17.98 255,539 3.17  23.5 1.97
441 Frt Fwdr. Traffic 25,896 0.23  18.21 ' 66,348 0.82  24.33 . 197
262 Paper o louss4 089 19.1 131,065 .63 25.96  1.95
282 Plastic Matérit;ls ' : 91,039 0.80 19.9 126,693 - 1.57 ;_;27.53 o 1.93
266 Building Paper or Board 18,800  0.17  20.07 24,941 0.31  27.84  1.93
013 Fresh Vegetables 17,93 016 20.23 53,670 0.67 28.51 1,92
‘0]2 Fresh Fruits or Tree Nufs 9,367 0.08 20,31 | 31,024 0. 38 28.89 | 1.88
324 Hydraulic Cement 142,246 125 21.56 61,932 0.77  29.66  1.87




£g-vev

STCC

27

109

111

144
299
208

281

329

101

263
209

249

422

241

287

08
203

325

206

~ DESCRIPTION
Printed Matter o
Misc. Metal Ores

Anthracite

Gravel or Sand

Misc. Cocﬂ "oblk'k,Petr‘Q,h_;Pkrod,
Beverages or Flav'g Extracts
Indus. Inorganic Chem.
Abrasives or Aﬁbﬂésfos H
fron Ores
Fiberbourdf‘Etc.

Misc. Food Prep.

Misc. Wood Products
Trailers, Semi's, Ret. Empty
Primary ForesthafPs

Agri culfurcll Chem.

Forest Products

Canned or Pres'd Fruits
Strucl;. Clay Prod.

Sugar, Beet or Cane

- WEIGHT
(METRIC
TONS)

2,207
18,047
19,935
299,669
172,779

106,186

' 507,038
222,208

1,013,556

167,622
203, 166
39,192

3,650
557,517
123,675

5,070
179,510
45,136
169,340

% OF
TOTAL

0.02
0.16
0.17
2.63
1.52

0.93 -

4.42
1.95
8.90

1.78
0.34
0.03
4,89
1.09
0.04
0.70
0.40
0.61

CuM
%

21.58
21.74
21.91
24.54
26.06
26.99
31.41
33.36
42.26

43.73
45.51
45.85.
45.88
50.77

51.86
51.9
52.6
53.0
53.61

METRIC
TON=KM
(THOUS)

5,174
9,299
9,829
95,323

117,028

154,515
565,650
2200,810

200,643 -

200,231

- 196,419

72,067
3,873
145,032
106,741
8,960
184,957
40,722
87,686

% OF
TOTAL

0.06
0.12
0.12
1.18
1.45
1.92
7.02

2.49

2.49
2.48

2,44
0.89

0.05
1.80
1.32
0.1
2.30
0.51
1.G6?

e

APPENDIX Il1-A
TABLE HIi-1M-4

CUM
%

29.72
29.84

29.96
31.14
32.59
34.51
41.53
44.02
46.51
48.99

51.43
52.32

52.37
54,17
55.49
55.6
57.9
58.4]
59.5

'CENTS PER
~ METRIC
TON-KM

1.82

179
1.79
175+
1.75
173
1.73

1,72
1.72
1.70

1,68
1.66

1.64
1.64
1.62
1.60
1.60
1.59
1.56

oF

i .
T
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- STCC DESCRIPTION

243

333

142

011
242
105
1103
261
145
149
09
131
147
112
102

‘Millwork Products

Noh-Fevlfrq’u s Metal
Cfushed or Broken Stone
Field Crops Ll
Sawmill Products

Bauxite or then%/f\l. Ores

‘Lead or Zinc Ores .‘

Pulp or Pulp Mill Prod.

Clay, Ceramic or Refractory

Misc. Nonmetallic Min'ls
Frésh Fish, Etc.
Crude Petroleum or N.G.

Chemical or Fert. Min'ls

Bitumi nous Coal

Copper O:rrésy

WEIGHT
(METRIC
TONS)

71,035

58,570
416,682
1,048, 480
135,728
57,300
20,249
50,68Q
27,358
48,132
928
18,857
391,592

2,830,656

68,595

% OF
TOTAL

0.62
0.51
3.59
9.20

1.19

0.50
0.18
0.44
0.24
0.42
0.01
0.17
3.44
24.85
0.60

CUM
%

 54.23
54.74 .
58.33 -

67.53

68.72

69.22
69.4

69.84

70.08
70.5
70.51

70.68
- 74.12

- 98.97
99.57

METRIC
TON-KM
(THOUS)

155,643
. 106,466
107,591

759,194

289,076

45,709

12,413

71,509

20,643

46,185
1,298
12,224 ..

95,710
1,457,609
18,169

% OF
TOTAL

1.93
1.32
1.34
9.42
3.59
0.57
0.15

0.89.
0.26"

0.57
0.02
0.15
1.19
18.09
0.23

APPENDIX l11-A
TABLE HI1-1M-5

CENTS PER
CUM METRIC
% TON-KM
61.43 1.55
62.75 1.54
64.09 1.53
73.51 1.53
77.1 1.51
77.67 1.47
77.82 .44
78.71 1.41
78,97 1,41
79.54 1.36
79.56 1.36
79.71 1.25
80.9 1.23
9899 1,12

99,22 . 1.08

"
Dot

Y Y TR, .
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306

sTcC
259

251

341

394

1363

371
358
307
352

23
229
364
353
205
301
265

. MANUFACTURED GOODS - RANKED BY REVENUE PER TON-MILE

DESCRIPTION

Misc Furn. or-Fixtures
Household or Off. Furn.
Metql Cans

- Misc Fabricated Rubber

Toys, Amuse or Sport Goods
Household Appliances
Motor Vehicles

Service Indus Mcch's%

Misc Plastic Prods |

i Farm Mach'y or Ecﬂ;‘;ii‘p

Apparel

Misc Textile Goods

Elec Lighting or Wire Equip
Const'n Mach'y or Equip

| Bakery Products

Tires or Inner Tubes

Containers or Boxes, Paperbd

CARLOAD WAYBILL STATISTICS

WEIGHT

(METRIC
- TONS)

2,782

8,332

2,733
1,432
1,837

15,480
220,653

1,918
8,512
6,426
1,609
5,016

1,818

9,948
2,638
15,901
10,501

% OF
TOTAL

.06
19
.06
.03
.04
.34

4.9
.04
19
.14
.04
1
.04
.22
.06
.35
.23

CUM -

%
.06
.25

.31

.34

.38

.72

.62

.66

.85

.99

o L O O O

6.14
6.18
6.4

6.46
6.81

7.04

.03

METRIC
TON=-KM
(THOUS)

3,846

11,296
3,143
1,581
2,742

21,866

287,274

2,625

11,220

10,140
2,063
5,754
2,891

15,100
3,705

19,552

10, 864

% OF

 TOTAL

.09
.25
.07
.04
.06
.49
6.42
.06
.25
.23
.05
.13
.06
.34
.08
.44
.24

APPENDIX Ili-A

e 1

TABLE 111-2M-1
~ CENTS PER
CUM METRIC
% TON-KM
.09 6.21
.34 6.10
.41 5.96
.45 5,40
.51 5.14
1.0 5.03
7.42 4,80
7.48 474
7.73 4.34
7.96 4,12
8.01 3.85
8.14 3.75 -
8.2 3.67
8.54 3.47
8.62 3.35
9.06 3.32
9.3 3.31

R Y TR %
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APPENDIX |1]-A
| TABLE 111-2M~2
WEIGHT METRIC CENTS PER
‘ (METRIC) % OF CUM TON-KM % OF CUM METRIC
STCC DESCRIPTION TONS) TOTAL % (THOUS) TOTAL % TON-KMm
365  Radio or TV Rec. Sefs 1,903 .04 7.08 3,294 07 9.37 3.2
' 38 Instru. ,or‘ Photo Goods 1,024 .02 7.1 1,569 .04 9.41 3.10
332 Iron or Steel Castings 17,907 4 7.5 8,450 19 9.6 3.08
349 Misc. Fob. Metal Prod. 6,330 4 7.64 7,538 7 977 3
264 Converted Paper, Etc. 49,256 1.1 8.74 56,321 .26 11.03 3,01
31 Leather or Leather Prod. 587 .01 8.75 546 .01 11.04 2.99
339 Misc. Primary Metal Prod. 6,580 15 8.9 4,717 nh 11.15 2.77
322 Glass or Glassware 7,407 16 9.06 11,010 25 1.4 2.76
374 Railroad Equip 22,386 .5 9.56 18,283 41 11,81 2,74
227 Floor Coverings 2,383 .05 9,61 4,211 .09 1.9 2,64
344 Fab. Struct Metal Prod. 40,270 9 10.51 44,379 .99 12.89 2.63
331 Steel Works Prod. 329,489 7.33  17.84 194,906 4.36  17.25 - 2.42
284 Soap or Other Detergents 12,741 .28 18,12 17,549 39 17.64 2.38
211 Cigarettes 4,471 R 18.22 9,766 22 17.86 2.34
207 Confectioner or Rel. Prod. 3,009 .07 18.29 5,094 a1 17,97 2.32
201 Meat, Fresh, Chilled 32,908 73 19,02 39,062 .87 18.84 2,32
295 P'o’vi’ng or Roofing Mat!'s 11,154 .25 19.27 7,763 A7 19.01 1.57
202 - Dairy Products 10,908 .24 19.51 13,232 .3 19.31 2.21
286 Gum or Wood Chem. 6,627 .15 19.66 7,601 a7 19.48 2.12
327 Concrete, Gypsum Prod. 65,433 .46  21.12 33,213 74 20,22 2.03

291 Prod. of Petro Ref'q, 195,250 4.34 25,46 159,585 3.57 23.79 2,02

ot
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STCC
335
289
204
262

282
8
324

299

281

W
N
0

263

209
249
:241

287
203
325

DESCRIPTION
Nonferrous ; Metal Basic

Misc. kCheym. Prod.

Grain Mill Products

Plastic Materials

Building Pcper or Board

Hydraulic Cement
Printed Matter

~ Misc, Coal or Pefro;:zPrc_Jd.
| 208 Beverages or Flav'g Extracts
Indus. Inorganic Chem, -

Abrasives or Asbés}ds' ST
,Fiberbcard‘f, Efc.

‘Misc. Food Ptrep’.

Misc. Wood ProdUcfs’ |

Primary Forest Mat'ls

-Agricultural :Chem.

Canned or Pres'd Fruits

Struct, Clay Prod.

WEIGHT
(METRIC
TONS)

21,147
62,754
302,394
101, 854
91,039
18,860

142,246

2,207

172,779

106,186

504,038
222,208

167,622

203,166 -

39,192

557,517

123,675

79,510 -

45,136

% OF
TOTAL

.47
1.4
6.73
2.27

2.03

A2

3.16

.05
3.84
2.36

11.21

4,94
3.73
4.52

.87
12.4
2.75

1.77

1.0

CUM
%

25.93
27.33

34.06
36.33
38.36

38.78
41.94

41,99
 45.83

48.19
59.4"

64.34

&8.07

2.59
73.46
85.86
88.61
90,38
91.38

METRIC
TON-KM % OF

(THOUS) TOTAL
34,568 77
75,142 1.68
255,539 5.71 .
131,065 2.93
126,693 2.83
24,941 56
61,932 1,38
5,174 12
117,028 B 2.62
154,515 = 3.45
565,650 12.64
200,810 4.49
?_00,231 4, 48
196,419 4.39
72,067 1.6
145,032 . 3.24
106,741 - 2.39
184,957 4.13
140,722 91

APPENDIX 111-A
TABLE 111-2M-3

TABLE Ul CENTS PER

CUM
%

24.56
26.24
31.95

34.88

37.71
38.27
39.65
39.77
42.39
45.84

~ 58.48

62.97
67.45
71.84
73.45
76.69
79.08
83.21
84.12

METRIC
TON-KM

1.98
1.97
1,97
1.95
1.93
1.93
1.87
1.82
1.75
1.73
173
1.72 |
1,70
1,68
1.66
1,64
1.62
1,60

1.59

<
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STCC
206
243
333
242
261

DESCRIPTION -
Sugar, Beet or ane
Millwork Products
Non-FerroL:s Metal

Sawmill Products

-Pulp or Pulp Mill Products -

WEIGHT
(METRIC
TONS)

69,340
71,035
58,570

135,728
50, 680

% OF
TOTAL

7, 1.54

1.58
1.30
3.01
1.13

CUM
%

92.92
94.5

- 95.8

98.81

. 99.94

METRIC
TON-KM

(THOUS)

87,686
155,643
106,466

289,076

71,509

% OF
TOTAL

1.96
3.48.

' 2.38

6.46
1.6

APPENDIX 111-A
TABLE 111-2M-4
CENTS PER
CUM METRIC
% TON=KM

86.08  1.56
89.56 1.55
91.94 1.54
98.4 1.51

100 1.41

onp s &

e
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Total Carload Traffic
STCC DESCRIPTION

01
08
09
10

1

13
14
19

20
21

22
23
24

25

26
27

Farm Products

Forest"'Produ{:ts g

: Fregh Flsh Etc
_Metallic Ores

Coal

Crude Petfroleum
Nonmetallic Min'l's

‘Ordnance or Access

Food or Kindred Prod.
TObOQQO‘:PrOdUkcts |
Textile Mill Prod.
Apparel £
Lumbér ‘;)ft‘Wood Prod.

Furniture or Fixtures

Pulp, Paper or Allied Prod.

Prinfed Matter

iy PASIC DATA
(METRIC % OF ,
TONS) - TOTAL = (THOUS)
11,392,031 '100,0 - 8,059,129
1,080,764  9.49 850,602
5,070 0.04 - 8,960
928  0.01 1,298
1,188,221 10.43 ' 292,472
2,850,591 25.02 1,467,439
22,637  0.20 15,629
1,176,733 | 10.33 366,657
2,83  0.02 3,608
810,059  7.11 940,209
5,801 0.05 10,634
9,197  0.08 12,950
1,609 0.0 2,063
805,171  7.07 663,719
12,398 C.i1 16,725
398,773  3.50 494,931
2,207  0.02 5,174

M.TON-KM 9, OF AVG DIST

CARLOAD WAYBILL STATISTICS
= 2-DIGIT BREAKDOWN

TOTAL.
100.0

' 10.55

0.11
0.02
3.63
18,21
0.19
4.55
0.04
11.67
0.13
0.16
0.03
8.24
6,21
6.14
0.06

KM
708

APPENDIX-HI-A
TABLE H11-3M-1

AVG REVENUE (¢)

PER KG

0.266

0.255
0.583
0.391
0.083

04120

0.185
0.095
1.018
0.426
0.881
0.904
1.017

0.266
1,679

0.490

i

0,879 -

T;«-:tﬂ‘e’» 2

PER M. TON-KM
1.83

1.58
1.60
1.36
1.63
1.13
1.30
1.48
3.89
1.79
2,34
3.12
3.85
1.5
5,05
1.92
1.82

PRy

-
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28

29
30
31
32
33

;34
3

36

37

38

39

40

41
42

45

Chemicals or Allied Prod.
Petroleum_ar Coal Prods
Rubber or Misc Plastic
Leather or Leather Pr‘o:d.'
Clay‘;,, ‘Concref‘g,_ ,Gglyass
Pfimdr;)l Metal :Prod.
Fabricated Metal Prod. =

‘ Machinéry

Electrical Mach'y or Equip

- Transportation Equip

Instru. or Pyhofb. Goods

Mi‘sc. Prod. of Mfrg.

Waste or Scrap Mat'ls

Miksc’. Freight Shipments

Contair;fers, Shipping, Ret.
Empty |

Frt Fwdr. Trdfﬁfi c

Shipper Assoc. or Sim. Traff.

Misc. Mixed Shipments

WEIGHT
(METRIC
TONS)

805,000
379,182
26,307
* 587
487,535

435,071

58,491
24,097
23,604

244,334

1,024
2,727
304,063
3,973
9,706

25,896
42,268
145,081
11,391,941

% OF M.TON=KM o, OF -AVG DIST
TOTAL

.24

TOTAL
7.07
3.33
0.23
0.01

4.28
3.82
0.51

0.21
0.21

0.01
_0.02
2.67
0.03
0.09

0.23
0.37
1.27

100.00

2,14

(THOUS) -
905,468
284,378

32,740
546
353,994
© 350,148
61,993
36,612
34,273
307,378
1,569
4,599
125,911
4,400
12,219

66,348
85,779
237,683
8,059,108

3.53
0. 4]

0.01

4,39
4.34

0.77

0.45
0.43
3.81
0.02
0.06
1.56
0.05
0.15

0.82
1.06
2.95
100.00

KM

- 1125
750

1244
932
726
802

1061

1519

1452

1259

1532

1687
414

1107

1259

2562

12029
1638

PER KG
0.413

APPENDIX Il1-A
TABLE HI-3M-2 —

AVG, REVENUE (¢)

0.296

0.963
0.574
0.271

0.353
0.637

1,191

1.347 -

1.212

0.977
1.539

0.239 -
0.943

0.585

1.036
0.881

0.684

S

PER M. TON-KM -

1,79
1,92
2.76
2,99
1.82
2.13
2.92
3.81
4.51
4.68
3.10
4,44
2.80
4.14
2.25

1.97
2.1
2.03

i B
e g g



WEIGHT
(METRIC
TONYS)
TOTAL CARLOAD TRAFFIC = 11,392,031
'STCC  DESCRIPTION T
011 Field Crops 1,048,480
012 Fresh Fruits or Tree Nuts 9,367
013  Fresh Vegetables 17,934
01 Total 1,075,780
01 Farm Products 1,080,764
08 Forest Pro’:dUc;fs | 5 ,070":
09  Fresh Fish, Etc 928
101 Iron Ores 1,013,556
102 Copper Ores 68,595
103 Lead or Zinc Ores 20,249
105 Bauxite or Other Al. Ores 57,300
106 Manganese Ores 8,245
109 Misc. Metal Ores 18,047 -
10 Total : 1,185,992
10 Metallic Ores . 1,188,221

LE-VEV

CARLOAD WAYBILL STATISTICS

* BASIC DATA - 3-DIGIT BREAKDOWN (2-DIGIT DATA WHERE NO 3-DIGIT AVAILABLE) |

- SR AVG REVENUE (CENTS)
| PER M.
TON-KM

1.83

TOTAL

% OF M.TON-KM % OF

(THOUS)  TOTAL

100.0 8,059,129 “loo.o_

*O\O.CDO*O
-ht—'ON
O o 00O

0.04

0.01

8.90
0.60
0.18
0.50
0.07

- 0.16
10,41
©10.43

759, 194
31,024

53,670
843, 889
850,602

8,960

1,298

200,643
18,169

12,413
45,709
4,069

9,299
-290,301

292,472

9.42
0.38
0.67
10.47
10.55

0.11

0.02

2.49
0.23
0.15
0.57
0.05
0.12
3.60
3.63

AVG DIST

708

724
3312
2993

787

1767

- 1399

198
266
613
798
494
515

246

APPENDIX 11 -A

TABLE III-W-I

PERKG

0.391

0.070

. 0,059

0.181
0.241
0.221
0.190

0.083

: PPN
N

)
iy

2.18

1.36

21.72

1.08
1.44
1,47
1.79

1.63

BT R
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i
112

1
n
131
13

142

144
145
147
149
14
14

19

201
202
203

204

205
206
1207

208

209

20
20

WEIGHT

Food or Kindred Prod.

s : ) , (METRIC
’ STCC DESCRIPTION N TONYS)
Anthracite 19,935
-Bituminous Coal 2,830,656
Total ‘ 2,850,591
Coal ' 2,850,591
‘ CrudeMPefroleum or N.G. 18,857
Total 18,857
Crude Petroleum 22,637
Crushed yqrngl_"ok;e_;r'_\V Stone 408,517
~ Gravel or Sand 299,669

Clay, Ceramic or Refractory 27,358
Chemical or Fert. Min'ls 391,592
Misc.- Nonmetallic-Min'ls-— 48,132

_Total e 1,175,268 -
Nonmetallic Min'ls 1,176,733
Ordnance or Access 2,836
Meat, Fresh, Chilled 32,908

Dairy Products 10,908
Canned or Pres'd Fruits 79,510
Grain Mill Products 302,394
Bakery Products 2,638
Sugar, Beet or Cane 69,340
Confectionery or Rel.Prod. =~ 3,007
Baverages or Flav'g Extracts 104, 186
N.sc. Food Prep. 263, 166
Total ' 813,59

810,059

% OF
TOTAL

0.17
1 24.85
25.02
25.02

0.17
0.17
0.20

3.59
2.63
0.24
- 3.44
0.42
10.32
10.33
0.02
0.29
0.10
0.70
2.65
0.02
0.61
0.03
0.93
1.78
7.1
7.1

M.TON
KM
(THOUS)

9,829
1,457,609
1,467,437
1,

12,224
12,224
15,629
107,591
95,323
20,643

95,710

46,185
365,452
366,657

3,608
39,062

13,232
184,957
255,539

3,705
87,686

5,094
154,515
196,419
940, 208
940,209

4
467,439

% OF
TOTAL

L 012
18.09

18.21
18.21

0.15
0.15
0.19

1.34
1.18
0.26
1.19
0.57
4,53
4,55

- 0.04

0.48
0.16
2.30
3.17
0.05
1.09
0.06
1.92
2.4
11.67
11.67

APPENDIX 111-A
TABLE Hi-4M-2

AVG REVENUE (CENTS).
PER M.

AVG DIST
KM  PERKG
492 0.182
515 0.119

515 0.120
649 0.166

60 0.185
264 0.083
319 0.115
755 0.220
245 0,062
959 0.267
a1 10.095
1271 1.0i8
1188 00566
1213 0.552
2326 0.764
845 0.342
1405 0.969
1265 0.406
1693 0.805

1455 0.518
967 0.336
1160 0.426

N ‘é'

TON-KM

1.79.
1.12

1.13
1.25
1.30
].53
1.75
1.41

]'23
1.36

1.48
3.89

2.32
2,21
1.60
1,97
3:35
1.56
2.32
1.73
1.68

1.79

Tl Fa Gl
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STCC

211
21
21

227
229
22

22

23

241
242
243
249
24
24

251
259
25
25

DESCRIPTION
Cigarettes
Total

Tobacco Products

Floor Coverings

Misc. Textile Goods

Total
Textile Mill Prod.

Apparel

Primary Forest Mat'ls N

Sawmili Praducts
Millwor« Products

‘Misc. Wood Produ’éts

Total

Lumber or Wood Produ.cfs

Household or Off. Furn.
Misc. Furn. or Fixtures‘

Total

 Fumiture of Fixtures

557,517

WEIGHT
(METRIC
TONS)

4,471
4,471
5,801

2,383
5,016
7,399
9,197

1,609

135,728

71,035
39,192

803,471

805,171

8,332
2,782
11,115
12,398

% OF

 TOTAL

0.01 .

4,89
1.19
0.62

0,34
7.05

7.07

M. TON
KM

(THOUS) '

9,766
9,766
10,634

4,211
5,754
9,964
12,950

2,063

145,032
289,076
155,643

72,067

661,819

663,719

11,296

3,846
15,141
16,725

APPENDIX 111-A
TABLE 111-4M-3

AVG REVENUE (CENTS)

% OF  AVG DIST PER M.
TOTAL KM PERKG  TON-KM ;
012 2184 1,052 2.34 é
_012 - - L - j
013 1833 0.881 2.34 .
0.05 1767 0.962  2.64
0.07 1147 0.885  3.75
0.12 - - S
16 1408 0.904 . 3.12
0.03 1283 1.017 3.85
1.80 261  0.088 1.64
3.59 2129 0.663 1.51
1.93 2190 0.699 1.55
0.89 1839 0.627 = 1.66
8.21 - = -
8.24 824 0.266  1.57
0.14 1355 1.702 6.10
0.05 1382 1.767 6.21
0.19 - « -
21 1349 1679 6.05
";:L‘@Alk L!{y» R T A S R e et
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APPENDIX 111-A
TABLE [11-4M-4

WEIGHT M. TON- : ~ AVG REVENUE (CENTS)
: S - (METRIC % OF KM % OF ~AVG DIST +PER M.

STCC : DESCRIPTION TONS) TOTAL  (THOUS) TOTAL KM PERKG TON-KM
261 Pu|p or Pu|p Mill Prod. 50,680 0.44 71,509 0.89 1411 0.411 1.41

- 262 Paper 101,854 0.89 131,065 1.63 1287 0.516 1.95
263 Fiberboard Etc. 167,622 1.47 200,231 2.48 1194 0.418 1.70
264 Converted Pc:pe‘r Etc. 49,256 0.43 56,321 0.70 ~1114 0.707 3.01
265 Containers or Boxes, Paperbd 10,501 0.09 10,864 0.13 1035 - 0.705 3.31
266 Building Paper or Board - 18,860 0.17 24,941 10.31 1323 - 0.526 1.93
26 Total | 398,773  3.50 494,931 6.14 - - -
26 Pulp, Paper, or Allled Prod 398,773 3.50 494 931 6.14 1241 0.490 1,92
27 Printed Matter 2,207- 0.02 - 5 174 0.06 2343 0.879 T 1.82

‘281 Indus Inorganic Chem 504,038 4,42 565, 650 7.02 1122 0.400 - 1.73

282 Plastic Materials 91,039 0.80 126, 693 1.57 1392 0.552 1.93
284 Soap or Oth Detergents 12,741 0.11 17 549 0.22 1378 . 0.676 . - 2,38
286 Gum or Wood Chem. | 6,627 0.06 7 ‘601 0.09 1147 0.499 - = 2,12
287 Agricultural Chem. - 123,675 1.09 106,741 = 1.32 . 863 0.288 1,62

289 Misc Chem Prod 62,754 0.55 75,142~ 0.93 1197 - 0.486 o 1.97

- 28 Total . ‘ 800, 874 7.03 899,377 - : 11,16 .= = - - j -
28 Chemlcols or A|||ed Prod 805,000 &= 7.07 905,468 ~ 11.24 " - 1125 0.413 - 1.79
291 Products of Pefro Ref'g 195,250 1.71 159,585 '1.98 - 818 0.340 2.02
295 Paving or Roofing Mat'ls 11,154 0.10 7,763 0.10 695 0.323 2.25
299 Misc. Coal or Pefro. Prod. 172,779 1.52 117,028 1.45 678 0.244 1.75
29 Total : 379,182 3.33 284,376 3.53 - - ‘1 -

29 Petroleum or Coal Prod. 379,182 3.33 284,376 3.53 750 0.296 1.92

.
s T
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sTCC
301
306
307
30
30
31
322
324
325
327
329

32
32

331
332
333
335
339
33
33

341
344
349
34

34

ge-vey

DESCRIPTION

Tires or Inner Tubes--

Misc, Fabricated Rubber
Misc. Plastic Prod,

Total

- Rubber or Misc Plastic

Leather or Leather Prod.

Glass or Glassware

Hydraulic Cement

Struct. Clay Prod.
Concrete, Gypsum Prod.
Abrasives or Asbestos

- Total
"Clqy, Concrete; Glass_‘
Steel Works Prod.
- Iron or Steel Castings
“Non Ferrous Metal

Non Ferrous Metal Basic
Misc. Primary Metal Prod.

Total R
Primary Metal Prod.

Metal Cans

Fab Struct. Metal Prod.
Misc. Fab. Metal Prod,
Total : |

Fabri ccfed Metal Prod.

WEIGHT
(METRIC
TONS)

15,901
1,432

8,512

25,846
26,307 -

587 .

7,407
142,246
45,136
65,433

222,208
482,430

487,535

329,489
17,907
58,570
21,147

6,580

433,692
435,071

2,733
44,806

6,330
53,870

58,491

% OF
TOTAL

0.14

- 0.01

0.07
0.23
0.23

0.01

0.07
1.25

0.40 .
0.57 .

1.95

4,23 .

4.28
2.89
0.16
0.51

0.19

0.06
3.81
3.82

0.02
0.39
0.06
0.47
0.51

M. TON-
KM

(THOUS)

19,552
1,581

11,220 .

32,353
32,740

546

11,010

61,932

140,722

33,213
200,810
347,687
353,994

194,906
8,450
106,466
34,568
4,717
349,107

350,148
3,143

44,379

7,538 -
55,060

61,993

% OF 'AVG DIST
KM _

1230

TOTAL

0.24
0.02
0.14
C.40
0.41

0.01

0.14
0.77
0.51
0.41
2.49
4.31
4.39
2.42
0.10
1.32
0.43
0.06

4,33
4,34

- 0.04

- 0.55 -
0.09 -
0.68

0.77

1104
1318

1244

932

1487
436
903
507

904

726

592

472

1635
716

805

1151
990
1191

1061

APPENDIX 111-A
TABLE H1-4M-5

AVG REVENUE (CENTS)

PER M.

PERKG- TON-KM
0.841 3.32

1.228 5,40
1177 4.34

1 0.963 3.76
- 0.574 2.99
0.844 2.76
0.167 1.87
0.295 1.59
0.212 2.03
0.319 1.72
0.271 1.82

1 0.294 2.42
0.299 ~ 3.08
0.575 - 1.54
' 0.666 1.98
0.410 2.77
0.353 2.13
1.409 5.96
0.536 = 2.63
0.737 3.01
0.637 2.92

oy
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- sTeC

352
353
358
35
35

363
364
365
36
36
371
374
37

38
394
39
39
402
40

40

‘DESCRIPTION
Farm Mach'y or Equip.

- Const'n Mach'y or Equip.

Service Indus. Mach's.
Total
Machinery

* Household Appliances
Elec. Lighting or Wire Equip. 1,818

Radio or TV Rec. Sets

Total

Elec. Mach'y or Equip.
Motor Véhic!‘eé e
Railroad Equip.

Total |
Transportation Equip.

Instru. or Photo.-Goods

Toys, Amuse, or Sport. Goods 1,837

Total

- Misc. Pa@d. of Mfrg

Waste or Scrap
Total ‘
Waste or Scrap Mat'ls

WEIGHT

(METRIC % OF

TONS)  TOTAL
6,426  0.06
9,948  0.09
1,918  0.02

18,292  0.16
24,097 0.21

15,480

0

0
1,903 0.0
19,201 0.1

- 23,604 0
220,653 1.94
22,386 0.20
243,038 2,13

244,334 2.14
1,024 0.01
0.02

1,837 0.02
2,727 0.02
303,692 2.67
303, 692 2.67
304,063 2.67

M. TON-
KM
(THOUS)

10,140
15,100

2,625
27,865

36,612 -

21,866
2,891

3,294

28,050
34,273

287,274
118,283
305,558
307,378

1,569
2,742

2,742
4,599

125,645
125,645
125,911

% OF
TOTAL

0.13
0.19
0.03
0.35

0.45 -

AVG DIST
KM

1579
1518
1370
1519
1413
1590
1730
1452

1302
816

f}2§9

1532
1492
1687 |
414

414

APPENDIX I11-A
TABLE 111-4M-6

AVG REVENUE (CENTS)

PER M.
PER KG TON-KM
1.339 4.12
1.082 3.47
1.335 4.74
1.191 3.81
1.462 5.03
1.200  3.67
1,140 3,21
1.347 4.51
1.287 4.80
©0.460 2.74
1.212 4.68
1 0.977 3.10
1.578 5.14
1.539 4.44
0.239 2.8
0.239 2.80



LE-VEY

APPENDIX 111-A

TABLE IH1-4M-7
WEIGHT M.TON - AVG REVENUE (CENTS)

: ; : (METRIC T OF KM % OF AVG DIST PERM.
STCC , DESCRIPTION TONS) TOTAL  (THOUS) TOTAL KM PER KG TON-KM
411 Misc. Freight Shlpmenfs 3,411 0.03 4,092 ~ 0.05 1199 : 1.058 4,29

41  Total ' 3,411 0.03 4,092 0.05 - - -

41  Misc. Fre'%ighf Shipments 3,973 ~ 0.03 4,400 - 0.05 1107 0.943 - 4,14 N

421 Conf Ship'g Ret.. Empfy 6,056 0.05 = 8,345 50.10 1378 0.720 +  2.54

422 Trailers, Seml s Ret! ]Empfy 3,650  0.03 3,873 10.05 1062 0.359 : 1.64

42  Totdl _ 19,706 0.09 12,219 0.15 - - -

42 Contamers, Shlppmg, Ret. 9,706 0.09 12,219 0.15 1259  0.585 2,25

44) Frt Fwdr Traffic : 25,896 0.23 66,348 0.82 2562 1.036 1.97

44 Total » : 25,896 -0.23 66,348 0.82 N - o -

44 . Frt Fwdr Traffic L 25,896 0.23 66,348 Q. 82 2562 1.036 = 1.97
451 Shipper Assoc or Sim. Traff. 42,268 0.37 85,779 1.06 2029 0.881 C2.1

45  Total 42,268 0.37 85,779 1.06 - - -

45 Shlpper ‘Assoc or Sim. Traff 42,268 0.37 85,779 1,06 2029 0.881 2. 11

461 Misc. Mixed Shlpments 144,394 . - 1.27 236,453 2.93 1638 0.683 - 2.03

46  Total ; 144,394 1.27 236,453 2.93 - , - -
46  Misc. Mixed ' 145,081 1.27 237,683 2.95 1638 0.684 2.03

e, . Et ‘;‘
oo N . T i A
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APPENDIX III-B

CENSUS OF TRANSPORTATION DATA
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Z-98y

U. S. DOMESTIC FREIGHT
AIR PENETRATION

ALL MANUFACTURED GOODS

ALL DISTANCES
LESS THAN 500 MILES.

OVER 500 MILES

- OVER 1000 MILES

OVER 1500 MILES

~ OVER 2000 MILES .

ALL MODES
~ TONS

657,969,104

462,308,610

195,660,494

89,320,254

35,347,807

7,469,009

AIR ONLY PENE#XTIO
TONS % —
674,528 0.103
127,698 0.028
546,830 - 0.279
334,575 0.375
225,049 | 0.637
134,533 1.801

SOURCE: 1972 CENSUS OF TRANSPORTATION
PRODUCTION AREA/DESTINATION
AREA DATA i

t=111 31904
g-111 x1puaddy

,477
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U. S. DOMESTIC FREIGHT

AIR PENETRATION

" ALL MANUFACTURED GOODS LESS 29XXX

ALL MODES
TONS

ALL DISTANCES 558,205,726

~ LESS THAN 500 kM}If;L?ES 417,677,376
OVER 500 MILES 140,528,350
OVER 1000 MILES 55,230,181

~ OVER 1500 MILES 27,796,396
OVER 2000 MILES 7,390,869

AIR ONLY
TONS

670,915

124,515
546,400
334,567 .
225,045

134,529

 SOURCE:

AIR

PENETRATION

%
0. 1’2’0 -
0.030
0.389
0.606
0.810

1.820

1972 CENSUS OF TRANSPORTATION
PRODUCTION_AREA/DESTINATION

AREA DATA

Z-111 219°L
g- 111 x1pusddy

.
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U. S. DOMESTIC FREIGHT
TONNAGE VERSUS DISTANCE

 ALL MANUFACTURED GOODS

" ALL MODES

" ALL DISTANCES
LESS THAN 500 MILES
OVER 500 MILES
OVER 1000 MILES
OVER 1500 MILES -
OVER 2000 MILES
AIRONLY
ALL DISTANCES
 LESS THAN 500 MILES
OVER 500 MILES
OVER 1000 MILES
OVER 1500 MILES
OVER 2000 MILES

TONS

657,969,104
462,308,610
195,660,494
89,320,254
35,347,807
7,469,009

674,528

127,698

546,830

334,575

225,045 -

134,533

i

PERCENTAGE
OF TONS

100.0
18.9
81.1
49.6
33.4

19.9

SOURCE: 1972 CENSUS OF TRANSPORTATION
PRODUCTION AREA/DESTINATION
AREA DATA

t-€-111 2|9°1
g-11) xipusddy

o
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U. 5. DOMESTIC FREIGHT
TONNAGE VERSUS DISTANCE
ALL MANUFACTURED GOODS

SURFACE MODES
ALL DISTANCES
LESS THAN 500 MILES
 OVER 500 MILES
OVER 1000 MILES
OVER 1500 MILES
OVER 2000 MILES

TONS

657,294,576
462,180,912 -
195,113,664

88,985,679
35,122,758

7,334,476

PERCENTAGE

OF TONS

100.0
70.3
29.7
13.5

5.3
1.1

U

¢-€-111 ®19°1
g~111 xipuaddy

<

q
I I TR T 1)



9-dev

U. S. DOMESTIC FREIGHT

TONNAGE VERSUS DISTANCE

ALL MANUFAGTUR-ED GOODS LESS 29XXX

ALL MODES | TONS
ALL DISTANCES 558,205,726
LESS THAN 500 MILES 417,677,376
OVER 500 MILES | 140, 528; 350
'OVER 1000 MILES 55,230,181
OVER 1500 MILES = 27,796,396
OVER 2000 MILES 7,390,869
AIR ONLY N
 ALLDISTANCES 670,915
LESS THAN 500 MILES 124,515
OVER 500 MILES 546,400
"OVER 1000 MILES 334,566
OVER 1500 MILES 225,045
OVER 2000 MILES 134,529

SOURCE: 1 972 CENSUS OF TRANSPORTATION

PRODUCTION AREA/DESTINATION AREA DATA

PERCENTAGE
OF TONS.

¥

100.0
74.8
25.2
9.9
5.0
1.3

100.0
18.6
81.4
49.9
33.5
20.1

L=¥=111 2|901
g-111 x1puaddy
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U. s. DO‘MESTIC,FREIGHT '

_ TONNAGE VERSUS DISTANCE

* SURFACE MODES

~ ALL DISTANCES |
* LESS THAN 500 MILES
OVER 500 MILES
OVER 1000 MILES
 OVER 1500 MILES
OVER 2000 MILES

ALL MANUFACTURED GOODS LESS 29XXX

TONS

557,534,811

417,552,861
139,981,950
54,895,612
27,571,351
7,256,340

PERCENTAGE
OF TONS
100.0
74,9
25.1
9.8
4.9
1.3

SOURCE: 1972 CENSUS OF TRANSPORTATIOM

i FO

Z=v= 111 ®|9o1
8=111 xjpuaddy

- i aakibet @ b sl



~U. S. DOMESTIC FREIGHT

8-4ev

TONNAGE VERSUS DISTANCE ‘

COMMODITIES 29XXX

PERCENTAGE

ALL MODES TONS QF TONS ‘
AL DISTANCES 99,763,378 100.0 )
LESS THAN 500 MILES 44,631,234 4.7
' OVER 500 MILES 55,132,144 55.3
OVER 1000 MILES 34,090,074 34.2
 OVER 1500 MILES 7,551,411 7.6
~ OVER 2000 MILES 78,141 0.08
AIR ONLY
ALL DISTANCES 3613 ©100.0
- LESS THAN 500 MILES 3183 . 88. 1
OVER 500 MILES 430 1.9
OVER 1000 MILES v 9 0.2
OVER 1500 MILES 3.7 0.1 S
- OVER 2000 MiLES 3.5 0.1 :ng
=3
SOURCE: 1972 CENSUS OF TRANSPORTATION &2
1
z
- R #
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Appendix H1i-B
Table 111-6

AIR PENETRATION - BY TON-MILES |

DISTANCES AIROF AIROF RAIL  AIR OF TRUCK
GREATER THAN TOTAL TONS TRUCK & AIR & AIR
S.M. % % %
0o . 0.375 0.492 1,087
i 100 0.388 1.512 1.177
| 200 0.418 0.559 1.389
400 | 0.499 0.695 2.026
500 0.532 0.762 2.300
750 0.621 0.964 3.118
1000 0.744 s 3.732
| 1500 0.950 1,430 5.044
| 2000 1.916 - 2.108 6.421
‘ AIR PENETRATION - BY TONS
0 0.120 | 0.139 0.211
100 0.164 | 0.197 0.343
200 0.218 0.267 0.547
| 400 . 0.342 0.450 1.221
| 500 0.389 0.538 1.541
§ 750 o494 1 0793 2,494
3 1000 , 0.606  0.951 3,146
| 1500 0.810 1.318 4,768
? 2000 1.820 1,987  6.281
A3B-9




Fiad

»
APPENDIX III-C
METRIC UNIT TABLES

-~ A3C-1




o

TABLE HI-1M-1. DEPARTMENT OF TRANSPORTATION FORECAST

Tonnage

Rail
Motor Carrier
Private Truck
Sub Total
Water
Pipeline
Air
Grand Total

Ton Kilometres

Reil

Moator Carrier

Private Truck
Sub Totdl

Water

Pipeline

Air :
Grand Total-

A3C-2

1975 1980 1990 Annual .
Metric Metric Metric Growth :
% Tons % Tons % Tons Rate - % onen
Share  Millions; Share. Millions ¢ Share  Millions 1980-1990 :
30 1342.7 30 1737.1 32 2323.4 2.95
15 671.3 15 868.6 16 1161.7 2.95
17 760.8 17.5 1013.3 18 1306.9 2.58
62 2774.8 62.5 < 3619.1 66 4792.2 2.85
20 895.1 20 1158.1 19 1379.5 1.77
18 798.4 17 984.3 15 1089.1 1.02
. 4.4 o1 5.8 .1 7.2 2.26
100 4475.7 100 5790.5 100 7260.9 2.29
- 1975 1980 1990
Metric Metric Metric Annual
Ton- Ton- Ton- Growth
%  Kilometres %  Kilometres % Kilometres Rate - %
Share . Billions Share  Billions Share ~ .Billions 1980-1990
33.5 1111 40.2 1682 42.5 2561 4,29
8.6 286 7.2 304 9.5 575 6.60 |
10.8" 358 8.6 362 6.6 399 0.97 i
52.9 1755 . 56.0 2348 58.6 3535 4.18
24.5 813 22.7 949 20.1 1210 2.46
22.4 744 21.1 885 . - 21.0 1267 3.66
0.18 6 0.17 7 0.22 13 6.05 2
99.98.° 6025 3.70

3319

99.97 4189 99.92

, Sourcé: U. S. DOT National
Transportation Trends &
Choices To The Year:2000,

Page 69, for Tonnage & ;
Mr. Costello, DOT for Ton=Miles




=

TABLE Il1-1M=2

Average Distance ~ Kilometres

]?75
Rail 827.5
Motor Carrier | 426.3
Private fTruick 11_7_9_._0
Sub Toifal 632.4
Water 908.4
Pipeline 932.6 |
Air : 1313.7
Grand Total 741.4

1980

968. 1

349.5
357.2

648.7
819. 4
898.8
1237.9
723.4

1990
1102.0

495.1
304.9

737.5
877.2

1163.5
1810.5
829.7

A3C-3
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TABLE 111-3M. RAIL AND TRUCK FORECAST (MILLION METRIC TONS)

oo ‘ GNP
Rail Truck Truck Total Mfg.
Class 1CC- Non-ICC Total  Rail & 1972 $'s Kg/$ GNP
Year | &Il Regulated Regulated Truck  Truck Billions ~ (Mfg)

1940 970 = 55 191 247 1241
1941 1176 70 283 353 . 1529
1942 1359 75 185 260 1619 :
1943 1412 1 87 178 265 1677 i~
1944 1420 95 198 293 1713 :
1945 1354 98 259 357 1712
1946 1299 102, . 321 423 1722 :
1947 1463 122 382 504 1968 114.9 171
1948 1433 151 368 519 1952 121.5 16.1
1949 1165 160 412 572 1736 115.0 15.1
1950 1289 193 ' 527 720 - 2009 131.3 15.3
1951 1403 215 ¢ 575 790 - 2194 146.0 15.0
1952 1313 220 608 828 | 2141 150.7 14.2
1953 1314 245 669 914 2218 161.2 13.7
1954 1160 246 691 937 2097 149.6 14.0
1955 1324 285 679 964 2288 - 165.8 13.8
1956 1380 299 - 810 1109 2489 & 166.9 14.9
1957 1315 299 710 1010 2324 ~ 167.8 13.8
1958 1131 298 719 1018~ 2149 153.3 14.0
; ‘ 1959 1173 340 709 1049 2222 170.7 13.0
1960 1180 351 720 1071 2252 | 172.0 13.1
1961 -~ 1137 364 836 1200 2337 171.2 13.7
1962 1174 399 890 1289 2463 186.2 13.2
1963 1222 415 952 1367 2589 201.0 12.9
1964 1288 451 1064 1515 2803 215.7 13.0
1965 1342 505 983 1489 2830 235.1 12.0
1966 1400 550 1032 1582 2982  254.0 1.7
| 1967 1359 544 129 1674 3033 254.1 11.9
‘ ' 1968 1374 582 1060 1643 3017 268.4 11.2
1969 1413 580 1024 1604 3017 276.2 10.9
1970 . 1426 600 1059 1658 3084 260.6 11.8
1971 1335 641 1048 1689 3025 « 264.1 1.4
1972 1389 699 1055 1754 = 3143 288.8 10.9
1973 1466 753 1087 1840 3300 - 313.0 10.6
1974 -~ 1469 726 1048 1774 3242 296.8 - 10.9
: 1975 - 1334 624 901 1525 2859 270.0 10.6
R 1976 1340 n 1026~ 1737 3077 PR '
' 1980 , - 3529 360.2 9.8
1985 ‘ 3797 - 416.5 9.1
1990 ; -4157 490.0 8.5
L ‘ 1995 4525 . 573.3 7.9
R ' 2000 , - 4902 671.3 7.3
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TABLE 111-4M. - SMALL SHIPMENT HISTORY AND FORECAST

Motor Rail GNP

o P e PREEER  # ( I R P O T
[N R

D PRECE. e

LTL LCL . Manufacturing o
Class Class  Rail & 1972 §'s Kg/$
Year | &I 1&H  Truck . Billions GNP (Mfg). |
Net Metric Tons - In Thousands ,
1950 48,448 20,107 68,555 131.3 ' .52
1951 44,399 19,307 63,705 146.0 .44
1952 45,010 17,228 62,238 = 150.7 .41
1953 46,993 15,251 62,244 161.2 -39
1954~ 45,612 12,936 58,549 149.6 .39
1955 49,108 12,741 61,849  165.8 .37
1956 51,676 11,906 63,582  166.9 .38
1957 52,557 10,181 62,738 167.8 .37
1958 51,049 7,957 59,006 153.3 - .39
1959 56,900 7,013 63,912 1707 .38
. |
1960 56,376 5,849 62,225 | 172.0 .36
1961 57,631 4,857 62,488 ' 171.2 .36
1962 62,179 4,058 66,237  186.2 .35
1963 64,223 3,035 67,258 201.0 .34
1964 66,268 2,219 68,487 215.7 .32
1965 69,759 1,928 71,687  235.1 .30
1966 74,433 1,497 75,930 -,  254.0 .30
1967 72,747 1,372 74,119 |  254.1 .29
1968 75,499 1,177 76,675 | 268.4 .29
1969 76,662 1,160 77,822 . 276.2 .28
1970 70,850 1,068 71,918 . 260.6 .28
1971 71,214 998 72,212 | 264.1 27
1972 75,115 879 75,994 ' 288.8 26
1973 76,012 677 76,690 1313.0 w24
| 1974 78,018 600 78,618 296.8 .26
c 1980 o 83,326 30,2 .23
; 1985 o 186,904 | 416.5 .21
| 1990 B 91,127 490.0 .19
3 1995 S 92,217 573.3 L7
2 2000 . 100, 484 671.3 .15




2

TABLE t11-5M. SHIPMENTS BY MANUFACTURING ESTABLISHMENTS - METRIC TONS

Year 1 963 1967 1972 1980 1990 2000

All Commodities - Bulk and Manufactured ~ Rail and Truck Only
Total Freight Movements - Metric Tons (Millions) -

Rail 1222 1359 1389 1737 2323 2903
Motor Carrier 415 544 699 869 1162 1451
Private Truck 952 - 1130 1055 1013 1307 1633
Total Truck 1367 1674 1754 1882 2469 3084

Rail & Truck 2589 3033 3143 . 3619 4792 5987

Total All-Modes Monufocturéd ,Go;)ds(]) Metric Tons (Millions)
800.614  877.209  1015.710
Percent Distribution - Rail and Truck Only

Rail 43,9 44.6'  38.7
Motor Carrier 32.9 .33.5 35.8
Private Truck 19.9 17.6 21.3

Manufactured Goods( ) by Rail cmd Truck Metric Tons: (Mllllons)

Rail ‘ 351.470  391.235  393.080 478’ B 618 749
Motor Carrier 263.402  293.865  363.624 425 526 610
Private Truck 159.323 154,388 216,346 202 252 304
Total Truck 422,725 448,253  579.970 627 778 914

Rail & Truck 774,195 839.488 973,050 1105 1396 1663

quufccmred Goods Movements - Percenf Share of Tofql Frelghf Movemenfs

Rail ; - 28.8 28.8  28.3 = 27.5 26.6 25.8
Motor Carrier 63.4 54.0 52.0 49.0 45.3 42.0
Private Truck 16.7 - 13,7 20.5 20.0 19.3 18.6
Total Truck 30.9 2.8 331 3.3 3.5  29.6
Rail & Tuck ~ 29.9  27.7 31,0 30.6 291 27.8
'(],) ' ; ‘  Sources: ‘

” Manufactured goods for 23 Shipper Groups Historical Data - TAA Facts & Trends

excluding Petroleum and Coal Products. -~ Forecast Data = Based on DOT Trends

& Choices
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TABLE 111 -6M. 1972 CENSUS RESULTS

Top Commodities by Tons

Total Rail
. Metric Metric
Tons Tons Percent Rail
Rank (Millions) {Millions) of Total
All 23 Shipper Groups\) "~ 1,015,710 393,080 38.7
1 Stone, Clay, & Glass Products 161,590 35,388 21.9
2 Canned Frozen & Other Food Products 139}720 70,838 50.7
3 Primary Iron & Steel Products 126,517 55,287 43.7
4 Chemicals, Plastics, Etc. | 101,471 49,315 48.6
5 Paper & Allied Products 81,11 42,015 51.8
6 Lumber & Wood Products Excepf Fumnl’ure 72,567 33,308 45.9
7 Drugs, Paints & Other Chem. Products 53,43;5 20,198  37.8
8 Candy, Beverages & Tobacco Products 52,6l|3 8,102 15.4
9 Meat & Dairy Products 38,661 7,268 18.8
Top 9 Shipper Groups B 827,685 321,719  38.9
Top 9 as Percent of Total | 81.5 - 81.8
10 Motor Vehicles & Equipment 36,278 21,513 59.3
Top 10 as Percent of Total = - 85.1 - 87.3

(1) The total for the 23 Shipper Groups excludes Petroleum and Coal Products

A3C-7
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TABLE 111-7M. MARKET UNIVERSE FOR AACS AND CASE STUDY CORRELATION
MANUFACTURED GOODS ONLY

Year 1963 1 967 1972 1980 1990 2000
B Million Metric Tons

i

{

i
Rail - Total 351.470 391,235 393.080 478 618 749
Rail over 1287 km (M 76.621  85.289 85,692 104 134 163
Rail = Specific Commodities®® 15,324 - 17.058 17,139 2127 33

Truck = Total 422.725  448.254  579.970 628 778 94

Truck over 1287 km® 21,136 22.413  28.998 32 39 45
Truck - Specific Commodities™® 21,136 22.413  28.998 32 3 45
Rail & Truck : ﬁ ‘ :
Total 774,195 839,489 = 973.050 1 106 13% 1663
b Over 1287 km 97.757 107,702 114,650 136 173 208
 Specific Commodities 36.460  39.471 46,137 53 66 73

Case Study Results for 45% Rate Reductions ,
Percent of Universe ; _ 19.0 19.0 19.0 19,

Air Tonnage with AACS , V 8,773 10 15 15
ATA Belly Cargo Forecast(s) 5 8
7 6

Remaining demand for AACS

(1) 21.8 percent of rail tons move over 1287 km (800 m)
~ (2) 20 percent of rail tons move at yields of 2¢/mtkm or more
(3) 5 percent of truck tons move over 1287 km (800 m)
(4) All manufactured goods by truck considered eligible for AACS
~ (8) Specific Commodities (Rail & Truck) times Percent of Universe/100 ;
(6) Air Transport Association of America Cargo Forecast 1975 - 2000, January 1978,

A3C-8




TABLE 11l - TTM, MARAD SEABORNE DATA ANALYSIS

CONTAINERIZABLE CARGO - [MPORTS & EXPORTS

é6~DLY

PERCENT | TOTAL METRIC TONS OF COMMODITIES
CONTAINERIZATION 1975 1990 _ 2000
60 - 100 4,869,062 14,433, 408 26,408,107
140 - 60 7,297,929 15,870,124 25,643,797
20 - 40 13,798,079 24,488,224 35,379,649
- 5-20 31,954,074 56,296,886 - 83,746,566
0-5 87,901,049 190, 880, 931 312,871,492
TOTAL 145,820, 193 - 301,969,573 484,049,611
BULK COMMODITIES 486,506,218 790,783,496 959,635,775
| TOTAL TRADE 632,326,411 1,092,753,069 -+ - 1,443,685,386 |
% CONTAINERIZABLE 23.1 27.6 33.5 |
COMMODITIES

o e ]
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TABL‘E 11 - 12M. MARAD SEABORNE DATA ANALYSIS

CONTAINERIZABLE CARGO - IMPORTS

PERCENT TOTAL METRIC TONS OF COMMODITIES
CONTXINERIZATION 1975 1990 2000
60 -100 4,145,666 11,545,673 20,120, 984
40 - 60 - 2,834,915 - 7,073,687 12,102,186'
20-40 3,342,699 5,392,767 7,498,‘79?
5= 20 10,272,507 19,403,842 29,678,013
0-5 30,502, 633 61,553,095 95,804,696
TOTAL 51,098,420 104,969,064 165,204,678
BULK COMMODITIES k337,039,433 571,355, 893 665,710,017
TOTAL IMPORTS 388,137,853 676,324,957 830, 914,695
% OF CONTAINERIZABLE 130 15_5 199

COMMODITIES

s =
e mda Ea R
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TABLE 11l - 13M. MARAD SEABORNE DATA ANALYSIS

CONTAINERIZABLE CARGO - EXPORTS

PERCENT TOTAL METRIC TONS OF COMMODITIES |

CONTAINERIZATION 1975 1990 2000 -
60100 - 723,3% 2,867,735 6,287,123
. 40-60 4,463,014 8,796,437 13,541,611
20-40 10,455,380 19,095,457 27,880,850
5-20 21,681,567 36,893,044 54,068,553
0-5 57,398,416 129,327,836 217,066,796
TOTAL 94,721,773 197,000, 509 318,844, 933
BULK COMMODITIES 149,466,785 219,427,603 293,925,758
TOTAL EXPORTS 244,188,558 416,428,112 612,770,691
% OF CONTAINERIZABLE |
COMMODITIES 38.8 47.3 52,0
R T S )-;: . i .. L J"i‘
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TABLE 111 - 14M, MARAD SEABORNE DATA ANALYSIS

CONTAINERIZED CARGO -~ IMPORTS & EXPORTS |

PERCENT TOTAL METRIC TONS CONfAINER!_ZED

CONTAINERIZATION 1975 1990 2000
60 - 100 3,895,250 11,546,725 21,126,484
40-60 3,648,985 7,935,000 12,821,921

20-40 N 4,139,417” 7,346,466 10,613,888
 5-20 3,938,751 6,930,929 10,316,353
0-5 | 1,804,153 3,804,490 6,133,727

TOTAL 17,426,556 37,563,690 61,012,373

BULK COMMODITIES 614,899, 855 1,055,189,395 1,382,673,013

TOTAL TRADE 632,326,411 1,092,753,085  1,443,685,386

% CONTAINERIZED
COMMODITIES 2.8 | 3.4 4.2

o 57 B
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TABLE [l - 15M, MARAD SEABORNE DATA ANALYSIS

CONTAINERIZED CARGO - IMPORTS

PERCENT

TOTAL METRIC TONS CONTAINERIZED

CONTAINERIZATION 1975 1990 2000
60 - 100 3,316,531 9,236,538 16,096,787
40 - 60 1,417,466 3,536,848 6,051,100
20 - 40 1,002, 806 1,617,830 2,249,636
5-20 1,218,949 2,294,547 3,515,216
0-5 723,582 1,387,479 2,158,794
TOTAL 7,679,334 18,073,242 30,071,533
BULK COMMODITIES 380,458,519 658,251,731 800,843,162
TOTAL IMPORTS 388,137,853 676,324,957 830,914,695
% OF CONTAINERIZED .
~ COMMODITIES 2.0 2.7 3.6
u‘u‘ - BT ot T ST TR UL R STt U SEer TSI SNPT - BN E? N
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TABLE III - T6M. MARAD SEABORNE DATA ANALYSIS

PERCENT

"CONTAINERIZED CARGO - EXPORTS

| TOTAL METRIC TONS CONTAINERIZED
CONTAINERIZATION 1975 1990 2000.
60 - 100 578,719 2,310,187 5,022,597
40 - 60 2,231,519 4,398,232 6,770,821
20-40 3,136,611 5,728,636 8,364,252
5-20 2,719,802 4,636,382 6,801,137
0-5 1,080,571 2,417,011 3,974,933
TOTAL 9,747,222 19,490,448 30, 940, 840
BULK COMMODITIES 234,441,336 396,937, 664 581,829,851
TOTAL EXPORTS 244,188,558 416,428,112 612,770,691
% CONTAINERI ZED 4.0 47 5.1
" COMMODITIES |
) o e - & ‘. i
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TO/FROM

TABLE Ill - 17M. MARAD SEABORNE DATA ANALYSIS

AIR DISTANCES. - KILOMETERS

NEW YORK CHICAGO LOS ANGELES

1. CANADA | - - :
2. OECD EUROPE ’6,43”7 7,081 9,173
3. OTHER FREE EUROPE - S -

4', JAPAN 10,944 10,139 8,690
5. AUSTRALIA | 16,576 15,289 12,231
6. NEW ZEALAND 15,128 13,518 _ 10,622
7. MIDDLE EAST 10,622 11,426 13,358
8. AFRICA 9,656 11,265 12,875
9. L/DASIA 16,254 14,967 | . 13,518.
10. ”L/D”AMERIQ_M 7,725 8,690 10,461
1. COMMUNIfT”fEUROPE 7,403 8,047 10,13v

| 12. COMMUNIST A‘S‘I‘A‘"é 13,358 12,553 11,104

©13. ALL OTHER COUNTRIES - -

averace”

1,609
7,178
7,242
10,252 -
15,321
13,744
11,410
10,783
15,321
8,562
8,143

12, 666
9,978

(]) Weighfed’avemge based on traffic dfsfribution of 50% Nev: York, 30% Chicagn, und 20% Los Angeles.

N
b adie 4 g R



9L-DEY

10.

11.

12.

13.

TABLE 111 - 18M. MARAD SEABORNE DATA ANSLYSIS

CONTAINERIZED CARGO - IMPORTS + EXPORTS - METRIC TONS

REGION

CANADA

. OECD EUROPE -

OTHER FREE EUROPE -

JAPAN

. AUSTRALIA

NEW ZEALAND

MIDDLE EAST

AFRICA

. L/D ASIA

L/D AMERICA

' COMMUNIST EUROPE

COMMUNIST ASIA

ALL OTHER COUNTRIES

TOTAL

' DISTANCE

KM

1,609

7,179

7,242

10,252

15,321

13,744

11,410

10,783

15,321
8,562
8,143

12,666

2,978

1975
METRIC % OF
TONS  TOTAL
461,552 8
6,679,855  38.33
86,743  0.50
2,998,078  17.21
490,842 2.82
152,091 L 0.87
572,396 L‘ 3.28
594,236 3.41
2,353,023 13.50
2,574,545 14.77
323,245  1.85
119,659  0.69
20,443 0.12
17,426,708

1990

METRIC
TONS.

2.65 1,022,638

14,848,230

204, 430
7;019j753
1,271,201

360,373

1,086,546

885,029

5,172,243

4,743,711
632,137

284,813

32,726

37,563,830

61,012,518

g 2

2000
% OF  METRIC — % OF
TOTAL - TONS TOTAL — -
2.72 1,554,693  2.55
39.53 24,455,677  40.08
0.54 " 33_7,' 0%  0.55
18.69k 11,445.,151 18.75
3.38 2,150,118 3.5
0.96 555,354 0.91
2.89 1,761,018 2.89
2.36 1,307,382 2.14
13.77 8,557,467  14.03
12.63 7,349,533 12.05
1.68 1,008,073 1.65
0.76 492,958 0.81
0.09 40,998 0.07

8
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2.

3.

10.

1.

‘]2'

13.

REGION
CANADA
OECD EUROPE

OTHER FREE EUROPE

. JAPAN

. AUSTRALIA

NEW ZEALAND
MIDDLE EAST

AFRICA

. L/D ASIA

L/D AMERICA

COMMUNIST EUROPE
COMMUNIST ASIA

ALL OTHER COUNTRIES

TOTAL

TABLE 11l - 19M. MARAD SEABORNE DATA ANALYSIS

CONTAINERIZED CARGO - IMPORTS - METRIC TONS

DISTANCE
KM

1,609
7,178
7,242

1C,252

15,321

13,744

11,410

10,783

15,321
8,562
8,143

12,666

9,978

1975
METRIC % OF
TONS  TOTAL
242,101 3.15

3,031,622 39.48

50,695  0.66

1,587,429  20.67
273,185  3.56
102,064  1.33

48,634  0.63
124,179 1.62

1,209,823 15.75
840,720 10,95
136,039 .77

29,025  0.38
3,866 .05
7,679,382

1990
METRIC % OF
TONS  TOTAL
398,092 2.20
7,543,000 41.74
95,591  0.53
4,297,854 23.78
688,022 3.8l
210,008  1.16
100,550  0.56
138,824  0.77
2,891,339  16.00
1,434,752 7.94
| 208,734  1.15
56,661  0.31
9,855 05
18,073,282

2000

METRIC
TONS

556,403

12,816,611

149,220
7,369,047

1,157,852

293,109

160,229

161,779
4,921,055
2,039,299
320,022
115,500
11,449

30,071,575

sk

% OF

TOTAL

1.85
42.62
0.50
24.51

3.85

- 0.97

0.53
0.54
16.36
6.78
1.06
0.38

0.04

i o
Ao p
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10.
H
12,

13.

REGION

CANADA-- -

. OECD EUROPE

. OTHER FREE EUROPE
JAPAN

. kAUS‘TvRALIAfj

. NEW ZEALAND

MIDDLE EAST

. AFRICA
L/D ASIA
L/D AMERICA

. COMMUNIST EUROPE

COMMUNIST ASIA
ALL OTHER COUNTRIES

 TOTAL

 TABLE 11l - 20M. MARAD SEABORNE DATA ANALYSIS

CONTAINERIZED CARGO - EXPORTS - METRIC TONS

DISTANCE

KM
1,609
7,178
7,242
10,252
15,321
13,744
11,410
10,783
15,321
8,562
8,143
12, 666

9,978

o

9,747,326

1975
METRIC % OF
TONS  TOTAL
219,451 2.25

3,648,233  37.43
36,048 0.37

1,410,649 14.47
217,657  2.23

50,027 9.31
523,762 5.37
470,057  4.82

1,143,200 11.73

1,735,825 17.79
187,206 1.2
90,634 0.93
16,577 0.17

1990
METRIC % OF
 TONs  TOTAL
’f624,546 3.20
7,305,230 37.48
_}108,839 056
2,721,899 13,97
583,179  2.99
150,365 - 0.77
985,99 5.0
746,205  3.83
2,280,904  11.70
3,308,959  16.98
423,408 2.17
228,152 1.17
22,871 0.12
19,490,548

2000
METRIC

~ TONS
© 998,290

11,639,066

187,876

4,073,104

992,266

262,245

1,600,789

1,145,603

3,636,412
5,310,234
688,051
377,458
29,547
30,940,943

gt

% OF
TONS

'3.23
31.62
0.61
0.13
3.21
0.85
5.17
3.70
11.75
17.16
2.22
1.22

0.10

.&‘
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TABLE 11l - 21M. MARAD SEABORNE DATA ANALYSIS

CONTAINERIZED CARGO - IMPORTS & EXPORTS - METRIC TON-KILOMETERS

REGION

. CANADA

. OECD EUROPE

OTHER FREE EUROPE-

JAPAN

'AUSTRALIA
- NEW ZEALAND

. MIDDLE EAST

AFRICA

- L/D ASIA

L/D AMERICA

COMMUNIST EUROPE

COMMUNIST ASIA

TOTAL

DISTANCE

KM
1,609
7,178

7,242

10,252

15,321

13,744

11,410

10,783

15,321

- 8,562

8,143

12,666

'ALL OTHER COUNTRIES 9,978

1975 1990
MT-KM % OF -~ MT-KM % OF
(MILLIONS) ~ TOTAL- ~(MILLIONS) TOTAL

742,811 0.45  1,645.783 0.4
47,945.915 29.05 106,575.792  29.86

o 0.38 1,480,457  0.41
50,734.»866 18.62 71,963.080  20.16
7,520.033  4.56  19,476.065  5.46
2,090.288 1.7 4,952.953  1.39
©6,530.979  3.96 12,397.751  3.47
6,407.413 3,88 9,542.689 2,67
36,050.699 21.84  79,243.813 322:20
22,042.413 13,36  40,614.338 11.38
2,632,329 1.5 5,147.700 1.4

1,515.552  0.92  3,607.281  1.0T
203.884  0.12 326.517  0.09
165,045.39 356,974.22

2000
 MT-KM % OF
(MILLIONS)  TOTAL
2,502.038 0443 .
175,534.854 f30,19
2,441,176 0.42
117,299;323 20,17
32,941,840 5.67};"
7,632,673 1.31
20,093.726  3.46
14,097.199  2.42
131, 108.480 22,55
62,924,606 10.82
‘8,209.005 14
6,243.691 - 1.07
409.151  0.07
581,437.77
] &3
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CONTAINERIZED CARGO - IMPORTS - METRIC TON-KILOMETERS

REGION

. CANADA

OECD EUROPE

“OTHER FREE EUROPE

JAPAN

AUSTRALIA

 NEW ZEALAND

MIDDLE EAST

AFRICA

. L/D ASIA

L/D AMERICA

-COMMUNIST EUROPE

COMMUNIST ASIA
ALL OTHER COUNTRIES

TOTAL

TABLE Ill - 22M. MARAD SEABORNE DATA ANALYSIS

DISTANCE

KM
1,609
7,178
7,242

10,252
15,321
13,744
11,410
10,783
15,321
8,562
8,143
12,666

9,978

1975
MT-KM % OF
(MILLIONS)  TOTAL
389.629  0.53
21,760.058 29,40
367.138  0.50
16,273.544 22,13
4,185.373 5.9
1,402.731 1.9
554.825 (.75
1,338.984 - 1.g2
18,535,677 25.21
7,197.976 9,79
1,107.875  1.51
367.576  0.50
38.589  0.05
 73,519.975

19

MT-KM

90

(MILLIONS)

640.678
54,141.189
692.275
44,059.597
10,54i:203
2,886,281

1,147.275

1,496. 794

44,298,093

12,284.013
1,699.825

717.630

98.275

174,703, 128

% OF
TOTAL

0.37

-30.99

0,40

25,22
6.03
1.65

066

0.86

25,36

7.03
0,97
0.41

0.06

2000

MT-KM
(MILLIONS)

895.454

91,993.457 -
1,080.607

"75,543.915

17,739.352
4,028.451
1,828.199
1,744,547

75,395.225

17,459.900
2,606,001

1,462,939

114,243

291,892.290

g g7 7

% OF
TOTAL

0.31

- 31.52

0.37
25,88
6.08
1.38
10.63
0.60
25.83
5.98
0.89
0.50

0.04

; .
g Sk



| TABLE 11l - 23M. MARAD SEABORNE DATA ANALYSIS
CONTAINERIZED CARGO - EXPORTS ~ METRIC TON-KILOMETERS

1975 1990 2000
S DISTANCE ~ MT-KM % OF  MT-KM % OF  MT-KM
REGION KM (MILLIONS) TOTAL  (MILLIONS) TOTAL  (MILLIONS)
. CANADA | 1,609 353.182°  0.39  1,005.105" ' 0.55 1,606.584
2. OECD EUROPE 7,178 26,185.856 28,61 52,434.603 28,77  83,541.404
3. OTHER FREE EUROPE 7,242 261.074 .29 788.182 0.43  1,360.569
4. JAPAN 10,252 14,461.322 1580 27,903.483 1531 41,755.413
, 5. AUSTRALIA 15,321 3,334.660  3.64  8,934.861 4,90 'i15",202.489
6. NEW ZI’EALAND‘V 13,744 687.556  0.75 2,‘066.673 LB 3,604.222‘
7. MIDDLE‘EAS‘T 11,410 5,976.154 .53 11,250,475 6.17 18,265.527
8. AFRICA 10,783 5,068.428  5.54  8,045.894 4,41 12,352,652
9. L/D ASIA 15,321 17,515.022  19.14  34,945.720 19,17  55,713.261
10. L/D AMERICA 8,562 14,844,437 16.22  28,330.325  15.54  45,464.706
11. COMMUNIST EUROPE 8,143 1,524.453  1.67  3,447.875 1.89 5,603,004
12, COMMUNIST ASIA 12,666 1,147.976 .25 2,889.650 1.59  4,780.752
13, ALL OTHER COUNTRIES 9,978 _165.295  0.18 228.242 0.13 294.909
TOTAL 182,271.080 289,545,490

1e-oev

91,525.415

=
'“;"5

% OF
TOTAL

6.31
4,27
19.24
15.70
1.94
1.65

0.10

d_ﬂ‘
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TABLE Il - 24M. MARAD SEABORNE DATA ANALYSIS
TOTAL CARGO - IMPORTS - BY REGIONS

1975 1990 2000
TOTAL TOTAL TOTAL
METRIC ~ PERCENT  METRIC  PERCENT METRIC ~ PERCENT
~ TONS CONTAIN- TONS CONTAIN-  TONS CONTAIN-
REGION (THOUS) ~ ERIZED ~ (THOUS)  ERIZED ~  (THOUS)  ERIZED
1. CANADA 32,434 0.75 49,373 0.81 58,507 0.95
2. OECD EUROPE 21,742 13.94 58,269 12.95 93,668 13.68
3. OTHER FREE EUROPE 258 19.68 340 28.10 489 30,52
4. JAPAN 9,540 16.64 17,914 23.99 26,789  27.5
5. AUSTRALIA 5,077 5.38 10,013 6.87 19,638 5.90
6. NEW ZEALAND 209  48.92 425 49.46 612 47.87
7. MIDDLE EAST 60,287 0.08 115,89 0.09 131,782 0.12
8. AFRICA 79,601 0.16 136,097 0.10 153,420 0.11
9. L/D ASIA , 28,431 4.26 48,192 6.00 58,167 8.46
10, L/D AMERICA 146,792 0.57 234,892 0.6] 280,314 0.73
11. COMMUNIST EUROPE 3,583 3.80 4,451 4.69 6,808 4.70
12. COMMUNIST ASIA 94  30.74 161 35,29 305 37.89

13. ALL OTHER COUNTRIES 86 4. 49 293 J. 36 409 2,80
| 388,134 1.98 676,316 2,67 830,908 3.62

Lt
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TABLE Il - 25M, MARAD SEABORNE DATA ANALYSIS
TOTAL CARGO - EXPORTS ~ BY REGIONS

&

£¢-OtY

1975 1990 2000
TOTAL TOTAL | TOTAL
METRIC ~ PERCENT  METRIC ~ PERCENT  METRIC  PERCENT
G ~ TONS CONTAIN-  TONS CONTAIN-  TONS  CONTAIN-
REGION (THOUS) ~ ERIZED (THOUS)  ERIZED (THOUS)  ERIZED
1. CANADA 30,191 0.73 43,112 1.45 56,690  1.76
2. OECD EUROPE 74,896 4.87 116,527 6.27 165,526 7.03
3. OTHER FREE EUROPE 342 10.54 1,132 9.61 1,705 .02
4. JAPAN el 162,233 2.27 117,610 2.31 181,244 2.25
5. AUSTRALIA 1,465 14.86 3,418 17.06 5,549 17.88
6. NEW ZEALAND 401 12.48 1,213 12.40 2,101 12.48
7. MIDDLEEAST 6,974 7.51 11,007 8.9 16,695 9.59
8. AFRICA 7,372 6.38 10,326 7.23 14,785 7.75
9. L/DASIA 21,401 5,34 31,560 7.23 44,747 8.13
10. L/D AMERICA | 25,985 6.67 45,190 7.32 69,464 7.64
11. COMMUNIST EUROPE 12,253 1.53 28,228 1.50 43,612 1.57
12. COMMUNIST ASIA 565 16,04 6,877 3.22 10,293 3.67
13. ALL OTHER COUNTRIES 107 15.48 213 10.73 274 10.79
244,185 3.99 416,413 4.68 612,764 5.05

oo R
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TABLE HI - 26 M.,

> :
)
O
N
B
IMPORTS __EXPORTS_
ATRBORNE —SEABORNE "AIRBORNE SEABORNE
o METRIC % OF  METRIC| % OF  METRIC__ % OF  METRIC % OF
REGION TONS  TOTAL TONS  TOTAL ~TONS TOTAL TONS  TOTAL
1. CANADA 15,830  3.28 242,100 3.15 39,916  6.26 219,451  2.25
2. OECD EUROPE 183,796 38.13 3,031,622 39.48 262,539  41.18 3,648,233 87.43
- 3. OTHER FREE EUROPE 1,80  0.39 50,695  0.66 1,950  0.31 = 36,048  0.37
4. JAPAN 51,120 10.60 1,587,429  20.67 136,197  5.68 1,410,649  14.47
2 AUSTRALIA 3,089 0.63 73V g 504 g5 217,657 2.74
6. NEW ZEALAND 102,064 50,027 \
7. MIDDLE EAST 3,357  0.70 48,634  0.63 40,188 6.30 523,762  5.37
8. AFRICA 2,631 0.55 124,179  1.62 . 20,140  3.16 _ 470,057  4.82
9. L/D ASIA 115,984 24.06 1,209,823  15.75 - 34,927  5.48 1,143,200 11.73
10. L/D AMERICA 101,695 21.10 840,720  10.95 181,754  28.51 1,733,825 17.79
11. COMMUNISTEUROPE 1,724  0.36 136,039 1.7 4,128 0.65 187,206  1.92
12. COMMUNIST ASIA | 454  0.09 29,025  0.38 136 0.02 90,634  0.93
13. ALL OTHER COUNTRIES 590  0.12 3,866  0.05 - - 16,577 0.17
‘ 482,080 100 7,679,382 100 637,479 100 9,747,326 100

COMPARISON OF AIRBORNE AND CONTAINERIZED SEABORNE TRADE - 1975 DATA

a5
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TABLE 11l - 27M. TOP U. S. TRADE PARTNER REGIONS IN 1975 - IMPORTS

RANKED BY SEABORNE TRADE

CONTAINERIZED SEABORNE TRADE AIRBORNE TRADE AIR
i - METRIC % CUM METRIC %  CUM  PENETRATION .
RANK ~ REGION TONS  SHARE % TONS SHARE % PERCENT
1 OECD EUROPE 3,031,631  39.48  39.48 183,795 38.13  38.13 5.72
2 JAPAN 1,587,427 20.67  60.15 51,120 10.60  48.73 3.12
3 L/DASIA 1,209,825 15.75  75.90 115,984 24,06  72.79 8.75
4 L/D AMERICA 840,717 10.95  86.85 101,695 21,10 93.89 10.79
5  AUSTRALIA & 375,242 4.89  91.74 3,039  0.63 94.52 0.80
NEW ZEALAND
6  CANADA 242,104 3.15  94.89 15,830 3.28 97.80 6.14
TOTAL TOP 6 . 7,286,946 94.89 471,463 97.80 6.08
ALL REGIONS 7,679,384 100.00 482,078  100.00 5.91
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RANK

REGION
OECD EUROPE
L/D AMERICA

JAPAN

- L/D ASIA

 MIDDLE EAST

 AFRICA

TOTALTOP 6

~ALL REGIONS

~ TABLE I1i -'28M.‘ TOP U. S. TRADE PARTNER REGIONS - EXPORTS

CONTAINERIZED SEABORNE TRADE

RANKED BY SEABORNE TRADE

AIRBORNE TRADE

METRIC
- TONS

3,648,237

1,733,817

1,410,651
1,143,207
523,753

470,056

8,929,721

9,747,316

%
SHARE

37.43
17.79
14.47

11.73

5.37

4.82

921.61

100.20

CUM
%

37.43
55,22
69.69
81.42
86.79

91.61

METRIC
TONS

262,539
181,754
36,197
34,927
40,188

20,140

575,745

637,479

%

SHARE.

41.18
28.51
5.68
5.48
6.30

3.16

90.31

100.00

- .CUM

#.18

69.69
75.37
80.85
87 15

90.31

ik

AIR
PENETRATION-—
PERCENT
6.71
9.49
2.50
2.9
7.13

4.1

6.06

6.14

uF
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TABLE 111-29M. U. S. FOREIGN TRADE "VERSUS UNIT VALUE
AIR AND TOTAL SEABORNE - 1976 IMPORTS

CUM

- porentiaL)

| CUM AIR +
UNIT AR VESSEL VESSEL AR + AIR
VALUE  METRIC | METRIC METRIC  VESSEL  PENETRATION
$/Kg TONS ' TONS TONS AR %
155.5 4,230 0 4,230 1,0 0.0009
133.3 7,200 | 0 7,200 1.0 0.001
111.1 8,730 | 90 | 8,820 1.0 0.001
88.8 . 9,900 162 10,062  11.016 0.002
66.6 11,880 | 360 - 12,240 1,030 0.002
44.4 63,000 1,080 64& 080 "|1.017 0.013
22.2 105,300 18,000 123,300  1.170 0.026
20 135,000 19,800 154,800  1.146 0.033
17.7 157,500 22,050 179,550  1.140 0.038
15.5 157,500 22,050 179,550  1.140 0.038
13.3 283,500 22,500 306,000  1.079° 0.065
1.1 310,500 51,300 361,800 | 1.165 0.077
8.8 378,000 123,300 501,300 | 1.326 0.104
6.6 414,000 1,026,000 1,440,000 |  3.478 0.308
4.4 450,000 1,170,000 1,620,000 - 3,600 0.347
2.2 522,000 8,100,000 8,622,000  16.517 1.848
2.0 522,000 8,280,000 8,802,000  16.862 1.887
1.8 522,000 8,370,000 8,892,000  17.034 1.906
1.6 523,800 9,810,000 10,333,800 ' 19.728 2,216
1.3 525,600 12,150,000 12,675,600  24.116 2.718
1.1 527,400 13,050,000 13,577,400  25.744 2.911
.8 524,200 - 14,580,000 15,107,200  28.551 3.240
.6 531,000 18,000,000 18,531,000  34.898 3.973
.4 540,000 19,620,000 20,160,000  37.333 4,323
.2 545,400 39,150,000 39,695,400  72.782 8.513
0 545,470 465,761,520 466,306,990 854,872 100.0
Grand Total - Vessel 465,761, 520
Air 545,470
Vessel & Air 466,306,990
~Actual Air Penetration - % 17

(]) Potential air penetration of tofal trade if air obtained all vessel borne frofﬂc
above given unit value
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TABLE 111-30M. U. S. FOREIGN TRADE VERSUS UNIT VALUE -

AIR AND CONTAINERIZED SEABORNE -1976 IMPORTS

8,730

| CUM

'CONT'Z'D
VESSEL
METRIC
TONS

13
3l.
9.
450.0
14,130
15,300
16,740

0
0
.5
5
3

17,100 -

17,100

41,400

96,300
792,000
891,000

3,420,000
3,528,000

3,690, 000

4,140,000
4,860,000
5,580,000

6,120,000
7,245,000
7,740,000
8,820, 000
9,607,092

CONT'Z'D

AR +

~ VESSEL
METRIC
TONS

4,230
7,200
8,744
9,932
11,976
63,450
119,430
150, 300

~ 174,240
174,600
300,600
351,900
474,300
1,206,000
1,341,000

3,942,000

4,050,000
4,212,000
4,663,800
5,385,600
6,107,400
6,649,200
7,776,000

8,280,000

9,365,400
10,152,562

- INCORPORATING CASE STUDY RESULTS

493,0209) 1,039, 320
537,998 (2 )1 083, 468

o CUM
UNIT AR
VALUE ' METRIC

$/KG TONS
155.5 4,230
133.3 7,200
1.1
88.8 9,900
66.6 11,880
44.4 63,000
2.2 105,300
20.0 ;135,000
17.7 157,500
15.5 157,500
13.3 283,500
1.1, | 310,500
8.8 378,000
6.6 414,000
4.4 450,000
2.2 522,000
2.0 522,000

1.8 522,000

1.6 523,800

1.3 525,600

1.1 527,400

.8 524,200

.6 531,000

4 540,000

.2 545,400

0 545,470

.2 545,400

0 545,470

CONT'Z'D
AIR +
VESSEL

AIR

0
0

1.
1
) ol
1

.

i 1.008
| 1.007

| 1.134

1.113
1.106
1.108
1.060

1.133

1.254
2.913
2.980
- 7.552

7.758
- 8.068 :
8.903 -
10.240 °

11.580

12.564

14.644
15.333

17.172

18.612

1.906
1.986

1,001
003 .

poTenTIALY
AR
PENETRATION
%

0.0009
0.001
0.001
0.002
0.002
0.013
0.025
0.032
0.037
0.037
0.064
0.015
0,101
0.258
0.287
0.845
0.868
0.903
1.000
- 1.154
1.309
1.425
1.667
1.775
2.008
2,177

0.232
0.232

(1) Potential Air Penetration of total trade of Toble 111-33 if air obtained all
containerized vessel=borne traffic above given unit value

(2) 5.6 percent penetration of containerized seaborne trade from Carrier Case
Study results
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TABLE Hi-31M. U. S. FOREIGN TRADE VERSUS UNIT VALUE -
AIR AND TOTAL SEABORNE 1970 EXPORTS
potenTiaLY
; AIR
‘ AIR + PENETRATION
AlIR . VESSEL VESSEL AIR + OF TOTAL
METRIC l METRIC METRIC VESSEL EXPORTS
$/KG TONS | TONS TONs' | TAR %
‘ " I
155.5 1,620 . l 0 1,620 - 1.0 .006 .
133.3 1,890 ‘ 0 1,890 1.0 .0007
11,1 4,860 0 4,860 1.0 .001
88.8 10,800 4 680 15,480 1.433 .00
66.6 67,500 5,040 72,540 1.074 .028
44.4 151,200 5,400 156,600 1.035 061
22,2 225,000 22,500 247,500 1.100 .096
20.0 243,000 22,950 265 950 1.094 -104
17.7 288,000 22,950 310,950 1.079 .121
15.5 315,000 32,850 347,850 o 1104 136
13.3 322,200 68,400 390,600 1.212 .153
1.1 324,000 114 300 348,300 1.352 171
8.8 432,000 128 700 560,700 1.2%97 219
6.6 522,000 666 000 l 188,000 |  1.275 . 465
4.4 576,000 2,115,000 2,691,000 | 9.671 - 1.054
2.2 612,000 5,580,000 6,192,0001 10.117 2.426
2.0 612,000 5,850,000 6,462,000 10.558 2.532
1.8 616,500 6,030,000 6,646,500 10.781 2.604
1.6 621,000 6,300,000 6,921,000 11.144 2.712
1.3 630,000 7,020,000 7,650,000 12.142 2.998
1.1 634,500 9,000,000. 9,634,500 15.184 - 3.775
.8 639,000 11,970,000 12,609,000 19.732 4,941
6 643,500 13,230,000 13,873,500  21.559 5.437
.4 648,000 19,800 000 20,448,000 = 31.555- 8.013
.2 653,400 47,200,000 48,353,400  74.003 - 18.951
0 653,681 254,501,000 255,155,400 390.331 100,000
Grand Total - Vessel 254,501,000
8 Air . 653,681
Vessel & Air 255,154,681
. Actual Air Penetration - % .24
(1) Potential air penetration of total trode |f air obfqmed all vessel=borne traffic
above given unit value. - '
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TABLE l11-32M. U. S. FOREIGN TRADE VERSUS UNIT VALUE -
AIR AND CONTAINERIZED SEABORNE - 1976 EXPORTS
j AR +
L. CONT'Z'D CONT'Z'D | | :
UNIT AIR VESSEL VESSEL AR+ poTenTiALY
VALUE  METRIC ~  METRIC METRIC ~ VESSEL " AR i
| $/KG. ~ TONS TONS TONS ~ TAIR  PENETRATION
| 155.5. | 1,620 0 1,620 1.000 .0006
; 133.3 1,890 o ., 1,80 1.000 .0007
N1 4,860 0 | 4,860 1,000 .001
| 88,3 10,800 . 3,870 ‘ 14,670 1,358 .005
’ 66.6 67,500 3,960 | 71,460  1.058 .028
| 44,4 151,200 . 4,140 | 155,340 1,027 .060
22.2 225,000 8,640 233,640 1,038 .091
i 20.0 243,000 8,820 251,820 1.036 .098
. 17.7 . 288,000 9,000 297,000 1,031 116
15.5 315,000 13,770 328,770  1.043 .128
13.3 322,200 31,950 354,150  1.099 .138
| 1.1 324,000 - 55,800 379,800 1,172 .148
8.8 432,000 - 63,000 495,000 1,145 153
6.6 522,000 270,000 792,000  1.517 .310
4.4 576,000 738,000 1,314,000 2,281 514
2.2 612,000 1,125,000 , 2,637,000  4.308  1.033
2.0 612,000 2,160,000 | 2,772,000 4,529  1.086
1.8 614,500 2,250,000 - 2,866,500 4,649  1.123
1.6 621,000 2,313,000 2,934,000  4.724  1.149
1.3 630,000 2,340,000 2,970,000  4.714  1.163
1.1 634,500 3,195,000 ~ 3,829,500 6,035  1.500
.8 639,000 4,140,000 4,779,000  7.478  1.872
.6 643,500 4,770,000 5,413,500 8,412  2.121
.4 648,000 5,850,000 6,498,000 10,027  2.546
.2 653,500 8,100,000 8,753,400 13.397  3.43]
0 653,800 10,407,000 11,061,000 16.921 4.335
INCORPORATING CASE STUDY RESULTS
.22 653,400 453,6008)) 1,107,000  1.694  0.434
0 653,682 582,801 1,236,489  1.892  0.485

(])’ Potential Air Penetraticn of total trade of Table 111-35 if air obtained all

containerized vessel-borne traffic above given unit value. ,
(2) 5.6 percent penetration of containerized seaborne trade from Carrier
Case Study results

|
|
I
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TABLE 111-47M. SUMMARY COMPARISONS OF OECD DATA ANALYSES

OECD/DOC/MARAD COMP

 IMPORTS

OECD (U. S. ONLY)
DOC
MARAD

EXPORTS

OECD (U. S. ONLY)
pOC |
~ MARAD

IMPORTS & EXPORTS

" OECD (U. 5. ONLY)
poc
MARAD

1973

93.0
N.A.
62.5

107.4
N.A.
99.5

200. 4
N.A.
162.0

1974

80.2

61.0
61.1

- 93.8

100.2

100.2

174.0
161.1

161.3

1975

1980

ARISON - SEABORNE CONTAINERIZABLE

1985

1990

METRIC TONS (MILLIONS)

64.3

76.7
N.A.
94.7

141.1
N.A.
145.8

88.6
68.0
73.7

109.1

125.5
125.9

197.9
193.5
199.6

102.6
75.9
91.1

126.3
153.5
159.5

228.9

229.5

250.3

119.5
85.2
95.2

144.4
188.2
197.0

- 263.9

273.3
302.0

1995

137.3

96.2

130.4

162.9

- 231.4
249.7

300.2
327.6
379.9

M

2000

155.8
109.3
165.2

181.8
286.'2
318.9

337.7
395.4
484.1



[ASIOI 3

TABLE 111 -48M. SUMMARY COMPARISONS OF OECD DATA ANALYSES

OECD,/DOC/MARAD COMPARISON - SEABORNE CONTAINERIZED

IMPORTS

 OECD (U. S. ONLY)
poc |
MARAD

EXPORTS
~ OECD (U. S. ONLY)
DOC |
- MARAD

" IMPORTS & EXPORTS

OECD (U. S. ONLY)
pOC
~ MARAD

1973 1974 1975 .. 1980 1985 1990

METRIC TONS (MILLIONS)

23.0 15.0 12.1 15.0 16.9 19.6

N.A. 9.2 N.A. 1.8 14.6 18.3
9.3 9.0 7.7 1.7  14.8 18.1
16.4 n.7 9.3 13.2  15.2 17.4
N.A.  10.8 N.A. 13,2 161 19.8

9.7 10.4 9.7 12.9 - 16.0 19.5

39.5 26,6  21.4 28,2 32.0  37.0
N.A. 20,0  N.A. 250 30.8 381

19.0 19.5 17.4 24.7 30.8 37.6

1995

22.5
23.0
23.1

19.6

24.6

24.4

42.1
47.6
47.5

o

2000

25.5
29.3
30.0

22.0

31.2
30.9

47.4
60.6
61.1

T 2PV TR TP . n



 TABLE [11-49M. SUMMARY COMPARISONS OF OECD DATA ANALYSES

OECD,/DOC COMPARISON - CONVENTIONAL AIRBORNE |
1973 1974 1975 1980 1985 1990 1995 2000
| METRIC TONS (THOUSANDS)
IMPORTS | |
OECD (U. S. ONLY) 1269.2  805.9  655.3  961.5 1227.1 1542.4 1839.5 2116.6

- poc N.A. 479.7  NL.A. 830.8 1179.8 1574.4 2012.0 2490.8

EXPORTS
OECD (U. s. ONLY) 1150.3  1043.1 619.2 951.5 1175.7 1419.7 1673.5 1944.2

DOC . : N.A. 705.5 N.A. 925.9 1242.5 1596.3 1996.6 2459.5

IMPORTS & EXPORTS
OECD (U. S. ONLY) 2419.5  1848.9  1274.4 1912.9 2402.8 2962.0 3513.0  4060.8

‘D‘C’)C | o N.A. 640.0  N.A. 1756.7 2422.3 3170.7 4008.7  4950.2

£e-08tvY
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TABLE 111-53M.  U. S. - WORLD RELATIONSHIP SUMMARY FROM OECD DATA ANALYSES

IMPORTS

U. S. ONLY
WORLD TOTAL

U, S, - PERCENT. |

 EXPORTS

U. S. ONLY
WORLD TOTAL
U. S. - PERCENT

IMPORTS & EXPORTS
U. 5. ONLY
'WORLD TOTAL
U. S. - PERCENT

- SEABORNE-CONTAINERIZABLE

1973

93.0
209.6

4.4

107. 4
212.9
50.4

200. 4
422.5

 47.4

1974

80.2
186.5
43.0

-93.6
202.0
46.3

173.7
388.5
44,7

1975

METRIC TONS_(MILLLONS) AND PERCENT

64.3
134.6

47.8

76.7

180.8
42.4

141.1
315.4
44,7

1980

88.6

176.9

50.1

109.1

217.2
. 50.3

197.9
394.1
50.2

1985

102.6
- 197.0
- 52.1

126.3

246.9

51

228.9
444.0
5].6

1990

119.5
224.8
53,1

144.4

280.0

51.6

263.9
504.8
52.3

1995

137.3

. 255.2
53,8

162.9

315.2
51.7

300.2
570.4
52.6

2000

155.8
286.6

54.4

181.8

352.7
51.5.

337.7
638.6
52.9

Y T A P
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TABLE 111-54M, U. S. - WORLD RELATIONSHIP SUMMARY FROM OECD DATA ANALYSIS

SEABORNE - CONTAINERI ZED

1973

IMPORTS | |

U. S. ONLY 23.0

WORLD TOTAL 39.0

U. S. - PERCENT 59.1

EXPORTS |

U.S. ONLY 16.4

WORLD TOTAL .~ 42.8

U. S. - PERCENT 38.3
IMPORTS & EXPORTS

. U.S. ONLY 39.5

WORLD TOTAL 81.8

~ U. S. - PERCENT 48.2

1974

15.0
28.8

51.9

11.6
28.8

40.3

26.6

57.7
46.1

1975

12,1

- 21.0

57.3

9.3
25.9
36.0

21.4
47.0
45.6

1980
METRIC TONS (MILLIONS) AND—PERCE}NT

15.0
26.6
56.3

13.2
34.4
38.5

28.2
61.0
46.3

1985

16.9

29,6
57.1

15.2
28.7
39.3

32.0

68.3
46.9

1990

]9.6
34.2

57.3

17.4
43.7
39.8

37.0
78.0
47.4

1995

22.5
39.4
57.1

19.6

491

39.9

42.1
88.5
47.5

2000

22.5
44,7

57.0

22,0

54,7
40,1

47.4
99.5
47.7

)
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TABLE 111-55M. U, S. - WORLD RELATI ONSHIP SUMMARY FROM OECD DATA ANALYSES

CONVENTIONAL AIRBORNE

IMPORTS

- U. S. ONLY
WORLD TOTAL
U. S. ~ PERCENT

EXPORTS
U. S. ONLY
WORLD TOTAL
U. S. - PERCENT

IMPORTS & EXPORTS
U. S. ONLY
WGRLD TOTAL

U. S. - PERCENT

1973

1269.2
2164.3
58.6

1150.3
2746.0
41.9

2419.5
4910.3
49.3

1974

805.9
1810.0
4.5

1043, 1

2217.5
47.0

1848.9
4027.5
45,9

1975

1980

1985

1990

1995

METRIC TONS (THOUSANDS) AND PERCENT

655.3  961.5
1190.3  1771.9

55.0 54.3
619.2  951.5

1600.6  2520.2

38.7

- 37.8

1274.4  1912.9
2791.0  4292.2

45.7

44.6

1227.1
2216.6
55.4

1175.7
3101.6
37.9

2402.8
5318.2
45.2

1542.4
2740.7
56.3

1419.7
3678.3
38.6

2962.0
6419.0
46.1

1839.5
3250.8
56.6

1673.5
4239.9
39.5

3513.0
7490.8
46.9

2000

2116.6
3718.1

56.9

1944.3
4789.8
40.6

4060.8
8507.9
- 47.7

ot
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APPENDIX III-D
U.S. SEABORNE TRADE LONG-TERM

FORECAST: CONTAINERIZABLE CARGO
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Containerizable Commodities Analysis
This Appendix contains Tables 29 and 30 from Supplennent A. Supplement A
is bound separately and may be obtained fram NASA, Langley. Supplement A con-
tains output from the Maritime Administration's U.S. Seaborne Trade long~term
forecast for the total seaborne tonnage of all cammodities at the three digit
level.

An output tape was obtained from the Maritime Administration of their
Long-Term World Forecast. For the CLASS Study analyses a rearrangement of the
output was made, and is presented in Supplement A Tables 1 and 2 for U.S.
World imports and exports, respectively, and in Tables 3 through 28 for 13
U.S. trading partner regions. The tables in Supplement in Supplement A are
listed below: '

List of Tables Contained in Supplement A

Table No. ' Title

1 U.S. World Imports
2 U.S. World Exports
3 Region 01 - Canada - Imports
4 Region 01 - Canada - Exports
5 Region 02 - OECD Furope - Imports
6 Region 02 - OECD Europe - Exports
7 Region 03 - Other Free Europe - imports
8 Region 03 - Other Free E‘u'rope - Exports
9 - Region 04 - Japan - Impofts

10 Ragioh 04 =~ Japan — Exports

11 ~ Region 05 - Australia - Imports

12 , Region 05 - Australia - Exports

13 Region 06 - New Zealand - Imports

14 R’egibn 06 - New ’Zealand,'— Exports

15 Region 07 - Middle East - Imports

‘16 Sl mgion 07 ~ Middle East - Exports
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Table No. , Title
17 Region 08 - Africa - Imports
18 Region 08 - Africa - Exports
i 19 Region 09 - Less De\tzelgped A51a - Imports
| 20 Region 09 - Iess De\;eloped Asia - Exports
21 Region 10 - Less Developed America’— Imports
22 Region 10 - Less Developed America - Exports
23 Region 11 - Communist rope — Impoi:ts
24 Region 11 - Communist Euriopé ~ Exports
25 Region 12 - Communist Asia - Imports
26 Region 12 - Communist Asia - Exports
27 Region 13 - All Other Countries - Imports
28 Region 13 - All Other Countries - Equrts ‘
29 Rate of Cdntainerization - Tmports
30 Rate of Containel;ization - Exports
The original ‘MarAd Forecgast was 'arranged in numerical order of the
cammodity Standard International Trade Classification code number. The
., commodities have been regrouped based on a MarAd study - "Preliminary Assess—
’ ment of Cargo Containerization in U.S. Oceanborne Foreign Trade." This

g analysis of 1974 levels of containerization defines commodities as bulk or con-
| tainerized. Bulk commodities'are either dry bulk or liquid bulk, and at the
3-digit level had zero containerization. . The containerized commodities -are
divided into levels of containerization as follows: 0 to 5 percent, 5 to 20
percent, 20 to 40 percent, 40 to 60 percent, and 60 to 100 percent. These
levels of containerization by commodity are presented in Tables 29 and 30 for
- import and exports, respectively. The data presented in this Appendix and
o Supplement A are the basic MarAd Long-Term World Forecasts at the 3-digit

~ level rearranged according to the bulk/containerization divisions, and thus
represent the containerizable tonnage. Supplement B, described in Appendix
III-E, presents the containerized ‘tonnages. The containerized tonnages are
| obtained by multiplying the containerizable tonnage by the mean of the

‘ respective range of containerization. ‘ ~
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APPENDIX. Hi=D
TABLE 29-1. RATE OF CONTAINERIZATION -- 3-DIGIT CENSUS SCHEDULE A & B
SCHEDULE A IMPORTS

Percent Containerized
Liquid & O- 5-  20- 40- 60-

Code Commodity Description . Dry Bulk 5% 20% 40% 60% 100%

001 Live Animals | | X .
011 Meat, Fresh, Chilled or-Frozen X

012 Pork;’,"”Drd, Sitd, Smoked X

013 Medts in Confainers, N.E.S. X :

022 Milk and Cream X
023 But. & Cream over 45% B. Fat X
024 Cheese and Curd : X
025 Eggs, Birds, Albumen & Yolk ~ X
031 Fish, Fresh, or Simply Preserved X
032 Fish, Airtight Cont., N.E.C. X
041 Wheat, Unmilled X
042 Rice Including Patna , X
043 Barley, Unmilled ' X
044  Com or Maize, Unmilled X
045 Cereals, Unmilled, N.E.S. X
048 Cereal and Flour Preparations X
051 Fruits, Fresh X
052 Fruits, Dried e X
053 Nuts & Fruits, N.E.S. X
054 Vegetables, Fresh, Chlo, Frzn. X
055 Vegetables, Preserved N.E.S. X
061 Sugar, Syrups, Molasses, Honey X ‘ ‘ _
062 Sugar, Confectionery : ' X !
071 Coffee : X .
072 Cocoa , X : ,
073 Chocolate ‘ : X
074 Tea & Mate : o S 7 - X ‘
075 - Spices ‘ ‘ ‘ X
081 Feeding=Stuff for Animals = , X

- 091 Lard and Butter Substitutes : ‘ : X
099 - Food Preparations, N.E.C. X
111 Nonalcoholic Beverages, N.E.C. X
112 Alcoholic Beverages R : - X
121 Tobacco, Unmanufactured X ,

; X

122 Tobacco, Manufactures
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- APPENDIX 11-D

! TABLE 29-2. RATE OF CONTAINERIZATION 3-DICIT CENSUS SCHEDULE A & B

' SCHEDULE A |MPORTS . Percent Containerized
Liquid & 0- 5~ 20- 40- 60-
Code Commodity Description Dry Bulk 5% 20% __40% 60% 100%
21 Hides & Skins, Undressed - X
212 Fur Skins, Undressed L X
221 Oil Seeds, Qil Nuts, Kernels ; X
231 Rubber Crude T X
| 241 Fuel Wood, Charcoal, and Waste X
242 Wood, In the Rough X
| 243 Wood, Shaped or Simply Worked - X
244 Cork, Natural, Raw and Waste ' X
251 Pulps and Waste Paper X
] 261 Silk, Raw X
| 262 Wool and Other Animal Hair X
263 Cotton X
, 264 Jute X
265 Fibers, Vegetable N.E.S. X
266 Man Made Fibers X
267 Waste from Textile Fabrics ~ , X
271 Fertilizers, Crude - X
Lo 273 Stone, Sand, and Gravel X
, 274 Sulphur and Crude lron Pyrites X
1 275 Natural Abrasives, Inc. Diamon X
276 Crude Minerals NLE.S. X
281 lron Ore and Concentrates X
282 Iron and Steel Scrap X
283 Ores, Concentrates Nonferrous X ‘
284 Nonferrous Metal Scrap ' X
| 285  Platinum : X ‘
, 286 Thorium Ores and Concentrates X ;
291 Animal Materials, NES, Crude X
292  Vegetable Materials NES, Crude : X
321 Coal, Coke and Briquets X ' ‘
331 Petroleum, Crude X
332 Petroleum, Products x o X
341 - Gas, Natural & Monufactured X
411 Animal Oils and Fats N. E.S. X
421 Fixed Vegetable Oils, Soft ; X
422 Fixed Vegetable Oils, N.E. C. X
431 Fatty Acids, Waxes, Fats, Oils i : : X

A3D-5




Ea

APPENDIX Hl D
TABLE 29-3. RATE OF CONTAINERIZATION - 3-DIGIT CENSUS SCHEDULE A&B

SCHEDULE A IMPORTS . Percent Containerized
‘ | ~ Liquid & 0- 5- 20~ 40- 60-
Code Commodity Description __ DryBulk 5% _20% _ 40% 60% 100% T
512 Organic Chemicals X ‘
513 Inorganic Chemical Elements X '
514 Inorganic Chem. Except Elements X
515 Radioactive-Stable Isotopes X
521 Mineral Tar and Tar Oils X
531 Synthetic Organic Dyestuffs = X
532 Dyeing and Tanning Extracts ' X '
533 Pigments, Paints, Varnish : X
541 Medic and Pharmac. Products , X
551 Essential Oils, Perfume ; X
553 Perfumes, Cosmetics, Dentifric ' X
554 Soaps and Polishing Preps o X
561 Fertilizers, Manufactured ' X
571 = Explosives & Pyrotechnic Pro. X
:i 581 Plastic Materials, Syn. Resins ‘ X
‘ 599 Chem. Prods & Mtls. N,E.C. X
| 611 Leather X ‘
612 Manufactures of Leather N. E. C X
613 Fur Skins, Dressed ' X
629 Rubber, Mfgrs. Finished NEC X
631  Wood Veneers, Plywood Boards ' X
632 - Wood Manufactures, N.E.C. ‘ ; X
633 Cork Manufaciures ‘ X ,
641 = Paper and Paperboard X .
642 Articles & Paper Pulp, Paper X :
651 Textile Yarn and Thread o X :
652 Cotton Fabrics, Woven TS ; X
653 Textile Fabrics, Woven = X
654 Tulle, Lace, Embroidery, Etc. } X:
655 Special Textile Fabrics, Incl ‘ X R
656 Made-up Articles, Textile, N.E. C. ' X
657 Floor Covering, Tapestries Etc. ‘ X
661 ~ Building Material, Lime, Cement ' X '
662  Clay and Ref. Consfru Material ’ X
663 Mineral Mcmufocfures, N E C. X
664 Glass R . o X :
665  Glassware o ' ; G X
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APPENDIX 1i-D

TABLE 29-4. RATE OF CON TAINERIZAﬂON - 3-DIGIT CENSUS SCHEDULE A&B
SCHEDULE A IMPORTS

Percent Containerized

Equip. for Distributing Elec.

o Liquid & 0- 5- 20- 40- 60-
Code  Commodity Description Dry Bulk 5% 20% 40% 60% 100%
666 Pottery ' X
667 Precious, Semi=~Precious Stones X
661 Pig lron o X
672 Iron or Steel Primary Forms ' X
673 Iron or Steel Bars X
674 Iron or Steel Plates & Sheets X
675 Hoop & Strip of lron oriSteel X
676 Rails or Railway Track Material X
677 Iron or Steel Wire, Excl. X
678 Iron or Steel Tubes, Fittings X
679 Iron or Steel Castings, Forging X
681 Silver and Platinum X
- 682 Copper & Copper Alloy X ,
683 Nickel & Nickel Alloys Etc. X
684 Aluminum & Aluminum Alloys X
685 Lead & Lead Alloys X
686 Zinc & Zinc Alloys X
687 Tin & Tin Alloys X
688 Uranium & Thorium Mefol ; X
689 Non Ferrous Base Metal N.E.C. X
691 Fin. Structural Metal Parts NEC X
692 Metal Containers for Storage X
693 Wire Pro. Non Electric Fencing X |
694 Nails, Screw, Nuts, Bolts, Efc.-- - X i
695 Hand and Machine Tools X ,
696 Table Flatware and Cutlery ‘ X
697 Household Equip. of Base Metal | : X
698 Manufactures of Metal, N.E.C. X ,
711 Power Generating Machinery -~ X
712 Agricultural Machinery, Etc. X :
714 Office Machines and Parts X
715 Metalworking Machinery & Parts X
717 Textile & Leather Machinery X
718 Mach. for Spec Industr. X
719 Mach. & Appliance N.E.C. X
722 - Electric Power Machinery - X
723 X
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TABLE 29-5. RATE OF CONTAINERIZATION - 3-DIGIT CENSUS SCHEDULE A&B
SCHEDULE A IMPORTS - ; Percent Containerized
' Liquid & 0- 5- 20- 40~ 60-
Code Commodity Description - Dry Bulk 5% 20% 40% 60% 100%
724 Telecommunications Apparatus X
725 Electric Refrigerators X
726 Electric Apparatus, Medical X
729 Electrical Machinery N.E.S. X
731 Railway: Vehicles and Parts : X
732 Road Motor Vehicles and Parts X
733 Vehicles Other Than Road Mtr X
734 Aircraft & Spacecraft ' ' X '
735 Ships, Boats, Floating Struct. : ' X
812 Plumb. Heating, Equip Lightfix X
821 Furniture : ' X
831 Travel Goods, Handbags, Etc. X
841 Clothing, Etc. Not Fur X
842 Fur Clothing Incl. X
851 Footwear i X
861 Scientific, Med. Apparaf. N.E.C. X
| 862 Photographic Supplies, Incl. X
" 863 Motionpicture, Photofilm N.E.C. X
864  Watches & Clocks Parts Incl. X
821 Sound Recorders and Parts’ X
892 Printed Matter X
893 = Plastic Manufactures, N.E.C. X
894 Baby Carriages, Toys, Games X
895  Office & Stationery Supplles X
896 Works of Art, Antiques : X
897 Jewelry and Related Articles R X
899  Manufactured Articles, N.E.C. o X
931 Spec. Transactions Not Class. : X
941 Animals - Live = N.E.C. Incl X ‘ :
951  Armored Fighting Vehicles, Arms , , : X
999 All Other Commodities I ' X
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APPENDIX (11-D
TABLE 30-1. RATE OF CONTAINERIZATION -~ 3-DIGIT CENSUS SCHEDULE A & B
SCHEDULE B EXPORTS ‘ ' Percent Containerized
Liquid & 0- 5- 20~ 40- 60-
Code Commodlty Descnphon . DryBulk 5% 20% 40% 60% 100%
001 Live Anlmals X
| on Meat, Fresh, Chilled or Frozen - X
012 Meat, Dried, Slted, or Smoked X
013 Meat in Conf N.E.S. R X
022 Milk and Cream : X
023 Butter and Anhydrous Ml”( th ‘ X
' 024 Cheese and Curd e R X
! 025 Eggs, Birds, Excl. Egg Album. X
031 Fish, Fresh or Simply Preserved X
032 Fish, Airtight Cont., N.E.C. X
041 Wheat, Unmilled X
042 Rice X
043 Barley, Unmilled X
044 Corn or Maize, Unmilled X
045 Cereals, Unmilled, N.E.S. X
046 Wheat Flour, Meal, and Groats X
047 Cereal Flour, Meal and Groats X
048 Cereal and Flour Preparations ; X
051 Fruits, Fresh - X
052 Fruits, Dried X
053 Nuts & Fruits, N.E.S. X
054 Vegetables, Fresh, Chld, Frzn. : : X
055 Vegetables, Preserved N.E.S. ~ X
061 ~Sugar, Syrups, Molasses, Honey X
062 Sugar, Confectionery - X
071 Coffee ; X :
072 Cocoa ' , , : X
073 Chocolate ; ‘ , X
074 Tea and Mate , X
075 Spices : : i K
081  Feeding-Stuff for Ammols : X ,
091 Margarine and Edible Fats - X R
099 Food Preparations, N.E.C. ‘ , X
Hi Nonalcoholic Beverages, N.E.C. ~ X
h 112 Alcoholic Beverages X
121 Tobacco, Unmanufactured , — : X
122 ~ Tobacco Manufactures : ; X
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TABLE 30-2. RATE OF CONTAINERIZATION -- 3-DIGIT CENSUS SCHEDULE A & B
SCHEDULE B EXPORTS S Percent Containerized
Liquid& 0- 5~ 20- 40~ 60-
Code Commodity Description Dry Bulk 5% 20% 40% 60% 100%
211 Hides & Skins, Undressed | X
212 Fur Skins, Undressed ‘ X
221 Oil Seeds, Oil Nuts, Kernels : X
231 Rubber Crude S - X
241 Fuel Wood, Charcoal, and Waste X
242 Wood, In the Rough X
243 Wood, Shaped or Simply Worked X
244 Cork, Natural, Raw and Waste ' ' X
251 Pulps and Waste Paper - X
261 Silk, Raw : X
262 Wool and Other Animal Hair X
263 Cotton X
264  Jute X
265 Fibers, Vegetable N.E.S. X
266 Man Made Fibers ' , X
267  Waste From Textile Fabrics ' X
271 Fertilizers, Crude X
273 Stone, Sand, and Gravel X
g 274 Sulphur and Crude Iron Pyrites X
i 275 Natural Abrasives, Inc. Diamond X
276 Crude Minerals NLE.S. ‘ ‘ X
,‘ 281 Iron Ore and Concentrates , X
‘ 282 Iron and Steel Scrap ; X
| 283 “Ores, Concentrates Nonferrous S
284 Nonferrous Metal Scrap ; - X
285 Platinum : , : : X
286 Uranium, Thorium Ores & Cons. ‘ X : ‘
291 Animal Materias, INES, Crude - ; ‘ X
292 Vegetable Materials NES, Crude ‘ X ‘
321 Coal, Coke and Briquets - : X ‘
331 Petroleum, Crude k X
332 Petroleum, Products ‘ ‘ ' X
341 Gas, Natural & Manufactured | X .
411 Animal Oils and Fats NLE.S. X
421 Fixed Vegetable Oils, Soft ~ X
422  Fixed Vegetable Oils, N,E.C. : X ,
431 Fatty Acids, Waxes, Fats, Oils . o X
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TABLE 30-3.

&

SCHEDULE B EXPORTS

APPENDIX 1l1-D

Percent Containerized

RATE OF CONTAINERIZATION -- 3-DIGIT CENSUS SCHEDULE A & B

Glass :

Liquid& 0~ 5- 20- 40- 60-
Code Commodity Description ~ Dry Bulk 5% 20% 40% 60% 100%
512 Organic Chemicals o X
513 Inorganic Chemical Elements -
514 Inorganic Chem. Except Elements X
515 Radioactive & Stable Isotopes X
521 Mineral Tar and Tar Oils
531 Synthetic Organic Dyestuffs X
532 Dyeing and Tanning Extracts X
533 Pigments, Paints, Vamish X
541 Medic and Pharmac. Products X
551 Essential Oils, Perfume X
553 Perfumes, Cosmetics, Dentrifrices X
554 Soaps and Polishing Preps X
561 Fertilizers, Manufactured
571 Explosives & Pyrotechnic Pro. X
581 Plastic Materials, Syn. Resins X
599 Chem. Prods. & Mtls, N.E.C. X
611 “Leather X
612 Manufactures of Leather NLE.C. X
613 Fur Skins, Dressed X
621 Rubber Manufactures, Unvulcaniz X
629 Rubber, Mfgrs. Finished NEC X
631 Wood Veneers, Plywood Boards
632 Wood Manufactures, NEC X
633 Cork Manufactures X
641 Paper and Paperboard X ,
642 Articles & Paper Pulp, Paper X
651 Textile Yarn and Thread X
652 Cotton Fabrics, Woven X
653 Textile Fabrics, Woven X
654 Tulle, Lace, Embroidery, Etc. X
655 Special Textile Fabrics, Incl X
656  Made-Up Articles, Textile, NEC X
657 Floor Covering, Tapestries Etc. X
661 Building Material, Lime, Cement X
662 Clay and Ref. Constru Material X ‘
663 Mineral Manufactures, N.E.C. : X
664 X
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. APPENDIX |11-D
TABLE 30-4. RATE OF CONTAINERIZATION -- 3-DIGIT CENSUS SCHEDULE A & B

SCHEDULE B EXPORTS ~Percent Containerized
Liquid & 0- 5- 20~ 40- 60-
Code Commodity Description Dry Bulk 5% 20% 40% 60% 100% )
665 Glassware X
666 Pottery ‘ X
667 Precious, Semi=Precious Stones X
671 Pig lron X
672 Iron or Steel Primary Forms ’ X
673 Iron or Steel Bars X
674 Iron or Steel Plates & Sheets X
675 Hoop & Strip of fron or Steel X
676 Rails or Railway Track Material X
677 Iron or Steel Wire, Excl. X
678 Iron or Steel Tubes, Fitrings X
679 Iron or Steel Castings, Forging : X
681 Silver and Platinum X
682 Copper & Copper Alloy X
683 Nickel & Nickel Alloys Etc. X
684 Aluminum & Aluminum Alloys X
685 Lead & Lead Alloys h X
686 Zinc & Zinc Alloys ‘ X ,
687 Tin & Tin Alloys , X
688 Uranium & Thorium Metal X
689 Non Ferrous Base Metal N.E.C. : X
691 Fin. Structural Metal Parts NE X
692 Metal Containers for Storage : X
693 Wire Pro. Non Electric Fencing X
- 694 Nails, Screw, Nuts, Bolts, Etc. X
695 Hand and Mdchine Tools X
696 Table Flatware and Cutlery . ‘ L X
697 Household Equip. of Base Metal X
698 Manufactures of Metal, NEC ‘ X
711 Power Generating Machinery X
712 . Agricultural Machinery, Etc. X
714 Office Machines and Parts X
715 Metalworking Machinery & Parts X :
717 Textile & Leather Machinery. - X
718 -~ Mach. for Spec Industr. - ' X
719 Mach. & Appiicnce N.E.C. X
X

72y Electric Power Machinery
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SCHEDULE B EXPORTS

APPENDIX 1i-D
TABLE 30-5. RATE OF CONTAINERIZATION -- 3-DIGiT CENSUS SCHEDULE A & B

Percent Containerized

All Other Commodities

Liquid& 0- 5- 20- 40- 60-

Code Commodity Description Dry Bulk 5% 20% 40% 60% 100%

723 Equip. for Distributing Elec. X

724 Telecommunications Apparatus X

725 Electric Refrigerators X

726 Electric Apparatus, Medical- X

729 Electrical Machinery N.E.S. X

731 Railway Vehicles and Parts X

732 Road Motor Vehicles and Parts X

733 Vehicles Other Than Road Mtr X

734 Aircraft and Spacecraft X

735 Ships, Boats, Floating Struct X

812 Plumb. Heating, Equip Lightfix X

821 Furniture X

831 Travel Goods, Handbags, Etc. X

841 Clothing, Etc. Not Fur X

842 Fur Clothing Incl. X

851 Footwear X

861 Scientific, Med. Apparat. N.E.C. X

862 Photographic Supplies, Inc. X

863 Motionpicture, Photofilm N.E.C. X

864 Watches & Clocks Parts Incl. X

891 Sound Recorders and Parts X

892 - Printed Matter ; X

893 Plastic Manufactures, N.E.C. X

894 Baby Carriages, Toys, Games X

895 Office & Stationery Supplies X

896 Works of Art, Antiques X

897  Jewelry and Related Arficles X

899 Manufactured Articles, NJE.C. X

931 Spec. Transactions not Class. X

941 Animals. Live. N.E.C. Incl X

951 Armored Fighting Vehicles, Arms X
952 Military Apparel and Footwear X
961 Coin, Other than Gold X :

999 X
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Containerized Commodities Analysis

This appendix describes the contents of: Sdpplement B, which is- bound
separately and may be obtained fram NASA, Langley.

The containerized tonnages in Supplement B are based on the containeri-
zable tonnages of Supplement A, described in Appendix III-D, multiplied by the
respective levels of containerization.

For Example:
U.S. World Imports for 1975
Commodity 121 - Tobacco, Unmanufactured
Metric Tons - 167,982
Containerization - 5 -~ 20 percent
Average Containerization - 12.5 percent
Containerized Tonnage - 20,998

Some cammodities, for example Imports 661 - Building Materisl, Lime,
Cement, are given specific degrees of containerization. In such cases, tais
specific degree of containerization was used rather than the averace of ihe

range in which the commodity 1lies. The commodities that have such specific
degrees of containerization are:

Imports
661 Building Material Lime, Cement 1.1 percent
231 Rﬁbber Crude | ’ 5.0 percent
- 653 Textile Fébr;Cs, Woven 10.0 percent
Exports |
081 Feeding - Stuff for Animals 3.25 percent
221 0il Seeds, Oil Nuts, Kernals 0.36 percent
242 Wood in the Rough j 0.48 percent
411 Animal Oils and Fats NES " 4.6 percent
‘513,InOrganic Chemical Elements ’ 2.7 percent
631’W00d Véneers, Plywood Boards 0.1 percent




641 Paper and Paperboard . 15.1 percent

The original data on the MarAd tape-.was in long tons with totals for
regions and world in thousands of long tons. To meet contractual requirements
of the CLASS Study and be compatible with other data sources, the output was
prepared in short ‘tons and metric tons, with thousands of short tons and
metric tons for totals for regions and world. Only metric ton data are pre-
sented in the supplen‘iér}ts. Conversions are:

Short ‘tons = 1,120 x long t;ions
- Metric tons ='1.0160469 x long tons

A complete list of the tables contained in Supplement B is given below:

List of Tables Contained in Supplement B

Table No. ' | Title
| 1 U.S.-World Imports
i 2 U.S. Vorld Exports
i 3 | Région 01 - Canada - Imports
i 4 Regij{onv 01 - Canada - Exports
5 Region 02 - OECD Europé - Imports
6 Region 02 - OECD Europe - Exports
7 Region 03 - Other Free Europe - Importis' |
: k8 Region 03 - Other Free Eurdpe - Exports
9 ‘lségion 04 - Japan —’Imports
lkO Region 04 - Japan - Exports
11 ’ Region 05 - Australia - Imports
12 ~ Region 05 - Austr‘alia - Exports%‘
! 13 Region 06 7- Newé” Zéal;znd - Import's'
t l , 14 Region 06 - New Zealand - Exports
15 Region 07 - Middle East “ I‘mpor‘tsb
16 Region 07 - Middle Fast - vExp‘o‘rt’s’
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Table No.
17
18
19
20
21
22
23
24
25
26
27

28

A3E-4

Region 09

2l

Title
Region 08 - Africa - Imports

Region 08 - Africa - Exports

Less Developed Asia - Imports

Region 09 - Less Developed Asia - Exports
Region 10 -~ Less Developed América -~ Imports

Region 10 - Less Developed America — Exports

Region 11 Conmux?ist Eurébe - Imports
Region 11 - Communist Ehrope - Exports
Region 12 - Communist Asia = Iniports
Region 12 - Communist Asia —’MIVE’;(‘ports
Region 13 - All Other Countries - Imports

Region 13 - All Other Countries - EXports
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APPENDIX III-F

FREE-WORLD INTERNATTONAL CARGO DEMAND
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OECD Data Analysis - Country/Region — Pair Choice

This Appendix describes the information contained in Supplement C which is
bound separately and may be. obtained from NASA Langley. ‘Tables I-1 through
I-14~4 from Supplement C are also contained in this Appendix. A complete list
of the tables contained in Supplement C is, given below

List of Tables Contained in Supplement C

Table ‘ - Title

I-1 to 13 Country/Region-Pair Choice

I-14 Rate of Containerization - Schedule A & B, Imports
and Exports

II-VI OECD Data Ana;lyses(l)

II-1 to 33 Free-World International Cargo Demand

III-1 to 33  U.S. International Cargo Demand = |

V-1 to 33 OECD Furope International Cargo Demand
V-1 to 33 Japan International Cargo Demand

VI-1l to 33 Macro Regional Group Cargo Demand

(1) Each of the Sections II - VI are divided as follows:

Table No. , ' Title
1to3 OECD All-Modes Total Cargo by Trading Partners and
Degrees of Containerization
1 Inpor s
2 Exports
-3 Imports and Exports
4 to 6 OECD All- Modes Total Cargo by Tradlng Partners - Summary
4 Imports |
5 | ‘ Exports
6 , Ini:orts aﬁd E}rports
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Table No.

7 to 9

10 to 12
10
11
12

13 to 15

13
14
15
16 to 18

16
17

18

19 to 21
19
20

21

22 to-24 -

22

23

s

Title

Conventional Air Cargo by Trading Partners and Degrees
of Containerization

Imports

Exports

Inports and Expofts

Conventional Air Cargo by Trading Partners - Summary
Imports |

Exports -

Imports and Exports

Total Seaborne Cargo by Trading Partners and Degrees
of Containerization

Importts

Exports

Imports and Expo‘rts’

Total Seaborne Cargo by Trading Partners

~ Imports
Exports

Imports and Exports

Containerization Seaborne Cargo by Tradlng Partners
and Degrees of Containerization

Imports
Exports

Imports and Eprrts '

; Contalnerlzed Seaborne Cargo by 'I’radlng - Summary

, Imports

Ekpotts
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Table No.
24

25 to 27

25
26
27
28 to 30.
28
29
30
31 to 33
32
33

- Title
Imports and Exports

Containerized Seaborne Cargo as Percent of Containerizable
Seaborne Carqgo

Imports
Exports

Inports and Exports

Advanced Cargo System Demand by Trading Partners
Imports '

Exports

Imports and Exports

Total Air Cargo Demand

Exports

Imports and Exports

The Organization for Econamic Co-operation and Development (OECD) is an
organization of the industrial countries, The member countries are the United
States of America, Canada, Japan, Australia, New Zealand and 19 European coun-
tries - Austria, Belgium~Luxembourg, Denmark, Finland, France, Germany (F.R.),
Greece, Iceland, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland, Turkey and the United Kingdom.

The OECD member countries trade with one another and most other countries

of the world.

Trade data are collected by each member country and. consoli-

dated by the OECD and are then made available to the public.

“The OECD trade data are available in published form and on computer tape.
The Series C reports provide only value data at the l1- and 2-digit levels of

commodities.

commodities and wvalue and quantity at the 3~ and 4-digit  levels of

To understand the OECD data and the relative magnitudes of the foreign
trade of the OECD member countries and their trading partners, a cursory

analysis has been made of the 1974 data.

Summary data for all commodities are presented in Tables I-1 and -2 for im-

'ports and. ‘exports, respectively. The data are shown for Six major reporting

countries or country groups - U.S., Canada, OECD Europe, Japan, Australia, and

[t




New Zealand, tradlng with 10 countries or geographic areas, to establlsh the
major. trading routes or partners. These 10 areas include the 6 OECD reportmg
country groups plus 4 non-OECD areas - Middle East, Africa; Less-Developed Far
East (this area excludes Japan and Australasia), and Latin America. The trade
value of these trading partners accounts for 90 percent of OECD imports from
the entire world and almost 85 percent of OECD exports to the entire world.
These data, including the world data, exclude the trade within OECD Europe.
b

The matrlx of trading partners in Tables T-1 and -2 results in 35 trading
partner canbinations, presented in Table I-3. 1In arriving at the total trade
flow in both directions for each of the 35 trading partner combinations, care
was taken to avoid double accounting by not adding Imports and Exports for
evéry combination in Tables I-1 and I-2. For example, from Table I-1, U.S. Im-
ports fram Canada and Canadian- Imports fram the U.S., account for the total
two-way ‘flow for that trading partner combination, and hence the export data
would give double accounting. No such problem exists with the trading partner
combmatlons 1nvolv1ng a non-OECD country or reglon.

In Table I-4, the 35 tradlng partners combinations—presented in Table I-3
are rank »d based on the total two-way trade value for all commodities. The re-
sults show that the top 5 trading partner canbinations account for over 50 per-
cent of the total value of trade of the 35 combinations. The top 25 account
for almost 99 percent. Another significant fact is that 20 out of the 35 trad-
- ing partner comblnatlons are with non-OECD partners and that these 20 account
for over 60 percent of the total value of trade.

Tables I-1 through I-4 address total trade value of all commodities, and
clearlly petroleum is a significant commodity, partlcularly with the non-OECD
countries. Of the $431 billion total trade flow given in Table I-4, Commodity
"Group 3 - Mineral Fuels, Lubrlcants and Related Materials, accounts: for over
24 percent or $106 bllllon.

Tables I-5 through T-8 present the same analysis for: commodlty group 3
only. Table I-8 shows' that non=OECD trading partners account for almost 90
percent of the value of commodity group 3, with the top 3 trading partners
accounting for almost 65 percent.

Tables I-9 through —12 present . the results of subtracting commodity group
3 from the all-commodity data. These data show that the total value of trade
for the 35 trading partner cambinations amounts to almost $328 billion. The
top 10 trading partner combinations account for over 76 percent of the trade
value. - The OECD member countries. partnered with non-OECD countries account
for over 51- percent ‘

Table I-13 summarizes the trade value for the OECD member country or geo-
graphic area. The data show the predominance of the U.S., however, the
picture is somewhat distorted for the OECD members lower in the list for all
trading partners, since trade with OECD member countries higher in the list is
“included in that higher-listed country. This, of course, does not apply in
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TABLE I-1. MAJOR WORLD TRADE ROUTES - IMPORTS - 1974
ALL COMMODITIES

Reporting
Countries

Trade With
u. s.
Canada
OECD Europe
Middle East
Africe

Japan

| L/Dev Far Eﬁsf

Australia ,
New Zealand

Latin America

Total

World

Total %
of World

Non OECD
Total

Non OECD
% of Total

u.s.

22,282

23,488

4,665
5,973

12,455
10,264

1,083 |

|

13,678

1

94,235
00,972

93.3

34,580

36.7

348

$ Million

OECD

Canada |
- Europe

21,751 30,268

- 5,464
3,832 -
1,306 '3§,3§6.
273 25,241

1,459 7,593 -

720 8,38

% 343 2,463
78 98

1,870 11,023
31,632 130,762
32,295 154,432

97.9 84.7

4,169 84,006

13,2 4.2

Japan

12,686
2,663

5,164
15,319
2,149

12,466

I
4,335

2,657
57,841
62,035

93.2
32,591

56.3

an-—OECD Trading Partners of OECD Membérs

A3F-6

401 -

Australia &
New Zealand

Aust.
2,282
331

3, 646
812
65
2,039
1,059
259
87
10,580
11,087

95.4
2,023

19.1

‘N.Z.

OECD
Total

66,987
30,740
36,130
61,458
33,701
23,546
32,895
8,224
2,054
29,315
325,050
360,822

90.1
157,369

48.4




= APPENDIX HI-F
TABLE 1-2. MAJOR WORLD TRADE ROUTES - EXPORTS - 1974
ALL COMMODITIES

$ Million
E?;r::inei | U.S.  Canada gﬁg’; Japan I\/l:ﬁt;glalcﬁoid , ?:t::)
: Trade With » ] C o Aust T N.Z.

u.s. _ 21,800 22,709 12,944 937 58,389
Canada 19,543 - 3,629 1,590 325 : 25,088
OECD Europe 27,099 4,865 - ie,559 1,729 . 42,252
Middle East 4,166~ 241 11,080 3,248 280 . 19,014

Africa 2,404 326 16,645 3,894 272 ¥ 23,541
Japan 10,504 2,274 4,227 - 3,030 y 20,036
L/Dev Far East 8,713 630 8,114 12,688 1,601 : 31,748
© Australia 2,159 314 3,420 2,077 - ' 7,969
New Zealand 450 66 972 488 718 . 2,694
Latin America 14,307 1,306 11,194 4,700 178 : 31,686
Total 89,345 31,822 81,990 50,188 9,070 y 262,417

World 97,143 32,780 113,603 55,598 10,787  ° 309,911

Tote) w0 97a 722 %03 84l : 84.7
Non OECD 29,590 2,503 47,033 24,530 2,331 y 105,989

~ Total ~ : RPN
Nan OBCD.. o gy g ST AR o BT 404
|
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APPENDIX IlI-F
TABLE I-3. TRADE RQUTES - 1974 ALL COMMODITIES
Imports Exports(]) Total
$ Million ~ § Million $ Million
U.Ss. - Canada 22,282 21,751 44,033
OECD Europe 23,488 30, 268 53,756
Middie East 4,655 4,166 8,821
Africa 5,973 2,404 8,377 ;
Japan 12,455 12,686 25,141 '
L/Dev Far East 10,264 8,713 18,977
Australia 1,083 2,282 3,365
New Zealand 348 450 798
Latin America 13,678 14,307 27,985
Canada - OECD Europe 3,832 5,464 , 9,296
Middle East 1,306 241 1,547
Africa 273 326 599
Japan ' 1,459 2,663 4,122
L/Dev Far East 720 630 1,350
Australia 343 331 674
New Zealand 78 66 144
Latin America 1,870 1,306 3,176
1 OECD Europe - Middle East 39,356 11,080 50,436
Africa 25,241 16,645 41,886
j Japan 7,593 5,164 12,757
L/Dev Far East 8,386 8,114 16,500
Australia 2,463 3,646 6,109
New Zealand 968 972 1,940
Latin America 11,023 11,194 22,217
Japan - Middle East 15,319 3,248 18,567
Africa ; 2,149 3,894 6,043
L/Dev Far East 12,466 12,688 25,154
Australia 4,335 2,039 6,374
| New Zealand 401 488 889
: Latin America 2,657 4,700 7,357
|
- Australia = Middle East 812 280 1,092
' Africa 65 272 337 ‘
L/Dev Far East 1,059 1,601 : 2,660 4
New Zealand 259 718 977
Latin:America ' 87 178 265
New Zealand - Middle East = : - -
Africa - = -

L/Dev Far East - L= - : -

Latin America : - - =
(])'Where the frading partner is also an OECD member nation, the quantity is the reported
" imports for that nation. : ‘
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19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

29,

30.
31.
32.
33.
34.
35.

u.s.
OECD Europe
U.S.

OECD Europe
u.sS.

Japan

u.S.

OECD Europe
.S,

Japan :
OECD Europe
OECD Europe

. Canada

u.s.
u.s.

. Japan
. Japan

OECD Europe
Japan
Canada
U.s.
Canada
Australia
OECD
Canada
Canada
Australia
Australia
Japan
U.S.
Canada
Canada
Australia
Australia
Canada

ALL COMMODITIES

OECD Europe
Middle East
Cenada
Africa

Latin America

L/Dev Far East

Japan

Latin America
L/Dev Far East
Middle East
L/Dev Far East
Japan

OECD Europe
Middle East

- Africa

Latin As2dica

= Australia

Australia
Africa

Japan
Australia
Latin America

L/Dey Far East.
New Zealand 3

Middle East

L/Dev Far East

Middle East’

New Zealand

New Zealand
New Zealand
Australia
Africa-
Africa

Latin America -

New Zealand
Totbl

~ Total OECD - Non-OECD
B NOTE: 20 out of 35 with non-OECD partners

~ 24,5% of Total trade value is Commodity Group 3 - Mineral Fuels,
, ; P ;

$ (Millions)
53,756

50,436
44,033
41,886
27,985
25,154
25,141
22,217
18,977
18,567
16,500
12,757
9,296
8,821
8,377
7,357
6,374
6,109
6,043
4,122
3,365
3,176
2,660
1,940
1,547
1,350
1,092
977
889
798
674
599
337
265
144

483,721
_263,345

Lubricants and Related Materials

TABLE 1-4. TRADE ROUT:E RANKING - 1974

%

12.39
11.63
10.15
9.66
6.45
5.80
5.80
5.12
4.38
4,28
3.80
2.94
2.14
2.03
1.93
1.70
1.47
1.41
1.39
0.95
0.78
0.73
0.61
0.45
0.36
0.31
- 0.25
0.23
0.22
0.18
0.16
0.4
0.08
0.06

0.03

100.00

- 60.7

APPENDIX HlI-F

CUM
%
12.39
24,02
34.17
43.83

50.28
56.08

61.88

67.00
71.38
75.66
79.46
82.40
84.54
86.57
88.50
90.20
91.67
93.08
94.47
95.42
96.20
96.93
97.54
97.99
98.35
98. 66
98.91
99.14
99.36
99.54
99.70
99.84

199.92

99,98
100.01

N Y ey it



| APPENDIX HI-F
TABLE I-5. MAJOR WORLD TRADE ROUTES ~ IMPORTS - 1974
COMMODITY GROUP 3 ONLY
$ MILLION
Reporting u.s. Canada  OECD Japan Australia & OECD
Countries Europe New Zealand Total
Trade With , : — Aust. N.Z.

u.s. | _— 452 1,052 1,83 17 3,354
Canada 4,534 - 131 334 - C 4,999
OECD Europe 1,301 24 - 74 7 1,406
Middle East 4,216 1,277 37,819 15,085 779 - 59,176
Africa 4,743 89 14,654 887 I ' 20, 374
Japan 13 - : 11 - | 4 ) 28
L/Dev Far East 1,405 - 41 4,985 14 6,545
Australia 6 1 168 860 - : 1,035
New Zealand 1 - - | 1 - T 2
Latin America 4,814 1,346 1,038 58 3 - 7,259
Total 2,03 318 54,914 24,117 925 104,178
World 25,350 3,391 59,908 24,897 933 114,479
dotar % of 8.0 940 9.7 969 991 - 90
N;’:f;?ECD 15,178 2,712 53,552 21,015 87 - 93,354
% of Total 72,2 85.0 . 97.5  87.1 ,97.0’ o 89.6
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APPENDIX ll1-F
TABLE 1-6. MAJOR WORLD TRADE ROUTES EXPORTS - 1974

COMMODITY GROUP 3 ONLY

$ MILLIONS
i US.  Conads  OECD dapan DRSNS Tl
Trade With Aust. N.Z.

. u.Ss. - 4,785 740 3 5 5,534
Canada 531 - 5 - - . 545
OECD Europe 884 121 - 54 103 1,162
Middle East 29 - 177 1 3 210
Africa 20 - 525 1 2 ' 548
Japan 1,447 257 57 - 674 . 2,435
L/Dev Far East 65 1 39 156 43 305
Australia 26 - 1" 4 - ' 4
New Zealand 7 - 4 2 74 . 86

' Latin America 378 5 91 26 3 502
Total 3,387 5,169 1,659 247 907 11,368
World 3442 5179 3,528 251 o047 13,347
Total % of og.4  99.8  47.0) 984  95.8 : 85.2

World |
MNon-OECD 492 R s 1,5
% of Total 45 oa2 502 7e4 56 1 138

(1) In addition to $1,659 million, fhere is $1,504 million with "Unspecified” frodmg
partner, hence the unusually low percentage of 47 0.
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| APPENDIX ll1-F
TABLE |-7. TRADE ROUTES - 1974 o |
COMMODITY GROUP 3 ONLY (]) :
Imports Exports Total
$ Million $ Million $ Million
uU.S. Canada 4,534 u 452 4,986
OECD Europe 1,301 1 1,052 2,353
Middle East 4,216 ! 29 4,245
Africa 5 4,743 20 4,763
Japan | 13 1,833 1,846
L/Dev Far East | 1,405 65 1,470
Australia ‘ 6 17 23
New Zealand | 1 7 8
Latin America 4,814 378 5,192
Canada OECD Europe 24 131 155
Middle East 1,277 - 1,277
Africa 89 - 89
Japan : - 334 334
L/Dev Far East - I 1
Australia 1 - 1
New Zealand - -
Latin America 1,346 5 1,351
OECD Europe Middle East 37,819 177 37,996
- Africa 14,654 525 15,179
Japan 11 74 85
L/Dev Far East 4] 39 80
Australia . 168 7 175
New Zealand - 4 4
Latin America 1,038 21 1,129
Japan - Middle East 15,085 ] 15,086
: Africa 887 1 - 888
L/Dev Far East 4,985 156 5,141
~ Australia 860 4 864
- New Zealand SRR 2 3
Latin America 58 26 -84
- Australia Middle East 779 3 782
Africa CoL R 2 ; 3.
L/Dev Far East 114 43 157
New Zealand - 74 74
' Latin America 3 ~ 3 6
(1) Where the trading partner is also an OECD member counfry, fhe qucnhfy is the
reported lmporfs for that country. , '
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OECD Europe
OECD Europe

. Canada

OECD Europe

. Japan
. Japan

Australia

. Canada

. OECD Europe
. Australia

. -Canada

.~ Canada

. OECD Europe

Japan

. OECD Europe

. Australia

u.s.

.ULS. ;

. Australia

. OECD Europe
« Japan
. Australia
. Canada

" Canada

. Canada-

Total OECD

APPENDIX 1l-F

TABLE 1-8. TRADE ROUTE RANKING - 1974
COMMODITY GROUP 3 ONLY

3 CUM
v : $(Mi|ilions) % % -
- Middle East 37,996 35.90 35.90
- Africa o 15,179 14.34 50.24:
- Middle East - 15,086 14.25 , 64.49
- Latin America 5,192 4.91 69.40
- L/Dev Far East 5,141 4.86 74.26
-~ Canoda ‘ . 4,986 4.71 78.97
- Africa 4,763 4,50 83.47
- Middle East 4,245 - 4,01 87.48
- OECD Europe 2,353 2.22 89.70
~ Japan 1,846 1.74 91.44
- L/Dev Far East 1,470 1.39 92.83
- Latin America 1,351 1.28 94.11
- Middle East 1,277 , 1.21 95.32
- Latin America 1,129 1.07 96.39
- Africa 888 0.839 97.229
- Australia 864 0.816 98.045
- Middle East 782 0.739 98.784
- Japan 334 0.316 99.100
- Australia 175 0.165 99.265
- L/Dev Far East , 157 0.148 99.413
- OECD Europe 155 0.146 99.559
- Africa 89 - 0.084 99.643
- Japan 85 0.080 99.723
- Latin America 84 0.079 - 99.802
- L/Dev Far East ‘ 80 0.076 99.878
- New Zealand 74 -0.070 99.948
- Australia ' 23 0.022 99.970
- New Zealand '8 0.008 99.978
- Latin'America = - -6 . 0.006 .99.984.
- New Zealand 4 0.004 99.988
- New Zealand 3 0.003 99,991
- Africa = 3 - 0.003 99.994
- L/Dev Far East 1 0.001 99.995
= Avustralia 1 - 0.001 99.996
- New Zealand e - : :
Total 105,830 100.00

- Non-OECD 94,919 - 89.69
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TABLE 1-9. MAJOR WORLD TRADE ROUTES - IMPORTS - 1974
WITHOUT COMMODITY GROUP 3

~“§ MILLION

feporie U, Conada g depen (R Tl

Trardngith | = Aust.  N.Z.

u.s. - 21,299 29,216 10,853 2,265 63,633
Camada 17,748 - 5,333 2,32;9 31t 25,741
OECD Evrope 22,187 3,808 - 5,09 3,639 34,724
Middle East 449 29 1,57 2 m 2,8
Africa 1,200 . 184 10,587 1,262 64 13,327
Japan 12,442 1,459 7,582 - s 2,035 : 23,518
L/Dev Far East 8,859 720 8,345 | 7,481 s 26,350
Australia 1,077 342 2,29 3475 - : 7,189
New Zealand u7 78 968 400 259 E 2,052
Lafin America 8,864 524 9,985 259 st 2,0
Total 73,203 28,443 75,848 133,723 9,588  ° 220,805
World 75,622 28,904 | 94,524 37,138 10,154 246,342
:’?*\j\’/'m/ld 96.,8 .4 0.2 90.8  94.4 © 896
'T\:J‘:L‘IOECD 1’9,v4o’2y 1,457 y‘3!o,4‘54 1,576 1,126 f 64,015
%ofTotal 265 51  40.2 343 1.7 29.0
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TABLE 1-10. MAJOR WORLD TRADE ROUTES - EXPORTS - 1974
WI THOUT COiMMODITY GROUP 3

. | $ MILLION
Comty? US. Conada ED pan (e OFCD
‘ Trade With o L Aush N.ZL
. u.s. - 17,015 21,99 12,941 | 932 52,855
Canada 19,012 - 3,614 1,590 @5 24,543
- OECD Europe 26,215 4,744‘ - 8,505 1,626 : 41,090
Middle Edst 4197 241 10,93 3,247 /A 18,804
Africa 2,384 26 16,120 3,893 270 22,993
Japan 9,057 ' 2,017 ‘4,17}9” - 2,386 - 17,601
L/Dev Far East 8,648 629 8,075 12,532 1,558 31,443
Australia 2,133 314 3,409 2,073 - 7,928
‘New Zealand 443 66 968 486 a4 2,608
Latin America 13,929 1,301 11,103 4,674 = 175 : 31,184 |
Total 85,958 26,653 80,331 49,941 8,163 " 251,049 'J
World 93,701 27,601 110,075 55,347 9,80  ° 296, 564
Sl -91".7" %.6 730 90.2 80 84.7
: NF’TZﬁEQD 29,,Q§8 2,497 46,201 24,346 2,280 - 104,424
% of Total 3.9 9.4 5.5 487 27.9 . 4.6
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u.s.

Canada

OECD Europe

Japan

Australia

TABLE 1-11.

Canada
OECD Europe
Middle East
Africa

Japan

L/Dev Far East

Australia
New Zealand
Latin-America

OECD Europe
Middle East
Africa

Japan

L/Dev Far East
Australia

New Zealand

Latin America

Middie East
Africa

Japan

L/Dev Far East
Australia

New Zealand

Latin America

Middle East

“Africa
L/Dev Far East

Australia

New Zealand -

Latin America

Middle East
Africa
L/Dev-Far East
New Zealand

Lonn America

reported |mporfs for fhat country.

TRADE ROUTES - 1974
WITHOUT COMMODITY GROUP 3

Imports
$ Million

17,748
22,187
439
1,230
12,442
8,859
1,077
347
8,864

3,808
29

184

1,459
720
342

78
524

1,537
10,587
7,582
8,345
2,295
968
9,985

234
1,262
7,481
3,475

400
2,599

33
64
945
259
84

Exporfs(])
$ Million

21,299
29,216
4,137
2,384
10,853
8,648
2,265
443
13,929

5,333
241
326
2,329
629

331

66
1,301

10,903
16,120
5,090
8,075
3,639
968
11,103

3,247
3,893
12,532
2,035
486
4,674

277
270
1,558
644
175

(1) Where the trading partner is clso an OECD member counhy, the quonhfy is the

APPENDIX Il1-F

Total
$ Million

39,047
51,403
4,576
3,614
23,295
17,507
3,342
790
22,793

9,141
270
510

3,788

1,349
673
144

1,825

12,440
26,707
12,672
16,420
5,934
1,936
21,088

3,481
5,155
20,013
5,510

- 886
7,273

310
334
2,503
203
259
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TABLE I-12. TRADE ROUTE RANKING - 1974
WITHOUT COMMODITY GROUP 3
. o v ' ‘ ' CUM
S $ (Millions) - % %
1. U.s, - = "OECD Europe 51,403 15.68 15.68 o
2. U.S. - Canada 39,047 11.91 27.59 ‘
3. OECD Europe - Africa 26,707 8.15 35.74
. 4. U.S. - = Japan 23,295 7.10 42.84
5. U.5, - Latin America 122,793 6.95 49,79
6. OECD Europe - Latin America ; |2],088 6.43" 56.22
7. Japan - L/Dev Far East ' 20,013 6.10 62.32
8. U.S. -+ L/Dev Far East 17,507 5.34 67.66
9. OECD Europe - L/Dev Far East 16,420 5.01 72,67
- 10. OECD Europe - Japan 12,672 3.86 76.53
11. OECD Europe - Middle East = 12,440 3.79 80. 32
12, Canada - OECD Europe 9,141 2.79 83.11
13. Japan ~ Latin America 7,273 2,22 85.33
14. OECD Europe - Australia 5,934 | 1.81 87.14
15. Japan - Australia 5,510 1.68 88. 82
16. Japan - Africa 5,155 1.57 90.39
17. U.S. - Middle East 4,576 1.40 91.79
18. Canada - Japan 3,788 1.16 92.95
! 19. U.S. - Africa o 3,614 1.10 - 94.05
20. Japan - Middle East = 3,481 1,06 95.11
21. U.S. ~ Australia 3,342 1.02 96.13
22. Australia - L/Dev Far East 2,503 . 0.763 96.893
23. OECD Europe - New Zealand | 1,936 0.590 97.483
24. Canada - Latin America-- 1,825 0.557 98.04
25. Canada - L/Dev Far East 1,349 0.411 98.451
26, Australia - New Zealand 903 0.275 98.726
27. Japan ; - New Zealand , 886 0.270 = 98,996
| 28. U.S. = = New Zealand 790 - . 0.241 - 99.237
29. Canada = Australia | 673 0.205 99.442
30.. Candda - - Africa - _ - 510 0,156 0 99.598
31. Australia = Africa 334 0.102 99.700
32. Australia.: - Middle East 310 . 0.095 99.795
33. Canada - Middle East | 270 : 0.082 99,877
34. Australia - Latin America 259 0.079 99.956
35. Canada - New Zealand - 144 0.044 100.00
: Total 327,891 - 100.00
Total OECD - Non OECD 168,427 -~ 51.4




‘ APPENDIX I11-F
TABLE I-13. OECD REPORTING MEMBERS - SUMMARY
IMPORTS AND EXPORTS

LAl Commodity Without Commodity
Commodities Group 3 Group 3

$ (Millions) $ (Millions) $ (Millions)

1. With all trading partners

us. 191,253 24,88 166,367

Canada 20,908 | 3,208 17,700

| OECD Europe 151,845 54,648 97,197
Japan 64,384 22,066 42,318 g

Australia 5,331 1,022 4,309

Total 7 433,721 105,830 327,891

2. With non-OECD trading partners

u.s. 64,160 15,670 48,490

Canada 6,672 2,718 | 3,954 |
OECD Europe 131,039 . 54,384 76,655 |

Jepan 57,021 | 21,199 5 35,922
Australia 4,354 s 3,406

Total 263,346 94,919 168,427

% with non-=OECD

. ) 60.7 897 514
trading partners ,
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the results for 'non-OECD trading partners, and here the predominance is
European.

The basic OECD data for each reporting country is represented in numerical
orger of the; SITC codes. In order to establish the air penetrable commodi-
ties, the OECD data output was regrouped based on the degrees of containeri-

zation developed from the MarAd analyses. The degree of containerization by

commodity is detailed in Table I-14 of this appendix supplement, and represent-

ing imports and exports combined.

The ;ériginal degr;ees of containerization as developed by MarAd for imports
and exports separately . are presented in Supplement A. Since the OECD data
includes trade between two foreign' countries ' the levels of containerization
for U.S. imports and U.S. exports could not be applied. It was decided that
an approximation - representing the cambination-of  U.S. imports and exports
giving a single value of percent containerization per commodity would be appro-
priate, From the basic MarAd analysis ‘it is seen that many commodities
exhibit the same level of containerization for both imports and exports and
thus a single value is already available. Where differences exist in the rate
of containerization for imports versus exports then generally the higher rate
was chosen, representing a higher degree of maturity of containerization.
Where the directional imbalance in U.S. trade flow is large, the rate of con-
tainerization of the higher trade flow was chosen.

OECD Foreign Trade Data

The major source of data for the Free-World international cargo demand is
the OECD foreign trade data. Data Resources Inc. of Washington, D.C. has the
OECD foreign trade data known as Series C, in a computerized system. They
were contracted to extract data based on the country pair combinations and
cammodity groupings outlined in the previous paragraphs. The basic Series C
data are reported by commodity at the 4-digit level for 1961 through 1969 and
the 5-digit level for 1970 through 1975. To reduce the final output to a work-
able level these were required to be aggregated to the 3-digit level.

Further, the commodities were regrouped by degrees of containerization based

on information developed from Marad analyses.

‘Fach of the OECD member countries reports data to the OECD on both value
and quality of exports to and imports- - from approximately 160 partner

- countries. = Depending on the commodity, up to 23 of these partner countries

are other OECD member countries, the remainder being non-member countries from

Argentina to Zaire.” The value data are standardized by using an appropriate

exchange rate for each year and converting the value of each member country's
imports and exports into U.S. dollars. - Tasks of ‘aggregation and comparison
for value data are thus greatly simplified. - Given the diversity of data
collection techniques and reporting methods in the OECD member countries, the
method for dealing with quantity aggregations is much more difficult.
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APPENDIX -
TABLE 1-14-1. RATE OF CONTAINERIZATION -- 3-DIGIT CENSUS SCHEDULE A&B

IMPORTS AND EXPORTS Percent Confcunenzed
' Liquid& 0- 5- 20-  40- 60-
‘ | Code Commodity Description ~  Dry Bulk 5% 20% 40% 60% 100%
o 001 Live Animals X §o e
011 Meat, Fresh, Chilled or Frozen ' X
012 Meat, Dried, Slted, or Smoked . X '
013 Meat in Cont, N.E.S. X
022 Miltk and Cream X
023 Butter and Anhydrous Milk Fat ' X
024 Cheese and Curd X
025 Eggs, Birds, Excl. Egg Album X
031 Fish, Fresh, or Slmply Preserved X
032 Fish, Airtight Cont, N.E. C X
041  Wheat, Unmtlled ‘ X :
042 Rice - e e X
; 043 Barley, Unmilled X
J 044 Com or Maize, Unmilled X
! 045 Cereals, Unmilled, N:E.S. X
046 Wheat Flour, Meal, and Groats X
o 047 Cereal Flour, Meal and Groats X
- 048 Cereal and Flour Preparations R X
051 Fruits, Fresh e X ,
a 052 Fruits, Dried o X
| 053 Nuts & Fruits, N.E.S. | X
054 Vegefables, Fresh, Chld, Frzn. X
055 Vegefcbles, Preserved N.E.S. X
061 Sugar, Syrups, Molasses, Honey X :
062 Sugar, Confectionery o X
071 Coffee ~ ' X
072 Cocoa : X
073 Chocolate N CN ‘ . X
- 074 Tea and Mate ‘ X ‘
- 075 Spices o ' L X
081 Feeding=-Stuff for Animals : X
091 Margarine and Edible Fats ol [ X
099 Food Preparations, N.E.C.. , X :
111 Nonalcoholic Beverages, N.E.C. . : ‘ X ‘
112 Alcoholic Beverages ~ : ‘ X
121 Tobacco, Unmanufactured e ' X

122 Tobacco Manufactures o : , X
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APPENDIX li~F
TABLE 1-14-2, RATE OF CONTAINERIZATION -~--3-DIGIT CENSUS SCHEDULE A & B

IMPORTS AND EXPORTS ‘ Percenf Containerized
o T Liquid & 0- 5- 20-  40- 640~
Code Commodity Description | Dry Bulk 5% 20% 40% 60% 100%
211 Hides & Skins, Undressed X
212 Fur Skins, Undressed X
221 Oil Seeds, Oil Nuts, Kernels ‘ X
231 Rubber Crude X
241 Fuel Wood, Charcoal, and Waste X
242 Wood, In the Rough X
243 Wood, Shaped or Simply Worked X
244 Cork, Natural, Raw and Waste X
251 Pulps and Waste Paper : X
261 Silk, Raw _ X ‘
262 Wool and ther Animal Hair X
263 Cotton- - =~ = X
264 Jute ' : X
265 Fibers, Vegetoble N E.S. _‘ X
266 Man Made Fibers ‘ X
267 Waste from Textile Fabrics X
271 Fertilizers, Crude X
273 Stone, Sand, and Gravel - X
274 Sulphur and Crude Iron Pyrites - X
275 Natural Abrasives, Inc. Diamond , X
276 Crude Minerals N, E.S. X
281 lron Ore and Concentrates X
282 Iron and Steel Scrap X
283 Ores, Concentrates Nonferrous X - ‘
284 Nonferrous Metal Scrap ‘ X
285 Platinum ; X
286 Uranium, Thorium Ores and Cons. X
291 Animal Materials, NES, Crude : - X
292 Vegetable Materials NES, Crude X
321 Coal, Coke and Briquets X ' :
~ 331 Petroleum, Crude X
332 Petroleum, Products - X
341 Gas, Natural & Manufactured X
411 Animal Qils and Fats N.E.S. ' ' X
421 Fixed Vegetable Oils, Soft = X
422 - - Fixed Vegetable Oils, N.E.C. o X :
431 Fatty Acids, Waxes, Fats, Oils EREN X
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APPENDIX Hi-F
TABLE 1-14-3, RATE OF CONTAINERIZATION - 3-DIGIT CENSUS SCHEDULE A &8B
IMPORTS AND EXPORTS - Percent Contamerlzed
o 3 : Liquid & 0- 5- 20-  40- 60-
Code Commodity Description Dry Bulk 5% 20% 40% 60% 100%
512 Organic Chemicals , X
513 Inorganic Chemical Elements X
514 Inorganic Chem. Except Elements X
515 Radioactive & Stable Isotopes X
521 Mineral Tar and Tar Oils X
531 Synfhehc Organic Dyestuffs o X
532 Dyelng and Tanning Extracts X
533 Pigments, Paints, Vamish ‘ X
541 Medic and Pharmac. Products X
551 Essential Oils, Perfume X
553 Perfumes, Cosmetics, Dentrifrices X
554 Soaps and Polishing Preps’ X
561 Fertilizers, Manufactured I X ,
571 Explosives & Pyrotechnic Pro. X
581 Plastic Materials, Syn. Resins. X
599 Chem. Prods and Mc:ferlols, N E C. : X
611 Leather ' o ‘ X
612 Manufactures of Leather N. E C i : ‘ X
613 Fur Skins, Dressed ; X
621 Rubber Manufactures, Unvulcaniz | , - X
629 Rubber, Mfgrs. Finished NEC X
631 Wood Veneers, Plywood Boards X N
632 Wood Manufactures, N.E.C. : X
?' 633 Cork Manufactures , X
641 Paper and Paperboard X
642 Articles & Paper Pulp, Paper X
651  Textile Yarn and Thread o X
652 Cotton Fabrics, Woven =~ X
653 Textile Fabrics, Woven X
654 Tulle, Lace, Embroidery, Etc. X
655 Special Textile Fabrics, Incl ; X
656 - Made-Up Articles, Textile, NEC ‘ e X
657  Floor Covering, Tapestries, Etc. : X
661 Building Material, Lime, Cement . X ‘
662  Clay and Ref. Constru Material X
663  Mineral Manufactures, N.E.C. X
- 664  Glass - X




APPENDIX J11-F
TABLE 1~ 14-4 RATE OF CONTAINERIZATION -= 3-DIGIT CENSUS SCHEDULE A&B

IMPORTS AND EXPORTS C Percent Contamernzed v
. , Liquid& 0- 5- 20-  40- 60-
Code Commodity Description Dry Bulk 5% 20% 40% 60% 100%
665 Glassware X
666 Pottery ' - X
667 Precious, Semi-Precious Stones X
¥ 671 Pig lron X
672 Iron or Steel Primary Forms X
673 Iron or Steel Bars ﬁ, X
674 Iron or Steel Plates & Sheets X
675 Hoop & Strip of lron or Steel X
676 Rails or Railway Track Materia X
677 Iron or Steel Wire, Excl. X
678 Iron or Steel Tubes, Fittings X
679 Iron or Steel Castings, Forging X
681 Silver and Platinum X
682 Copper & Copper Alloy ' X
683 Nickel & Nickel Alloys Etc. X
684 Aluminum & Aluminum Alloys X
685 Lead & Lead Alloys ' X
686 Zinc & Zinc Alloys , X
687 Tin & Tin Alloys 3 ; X
688 Uranium & Thorium Metal - j X
689 Non Ferrous Base Metal NLE.C., , X
691 Fin, Structural Metal Parts NE X
692 Metal Containers for Storage X
693 Wire Pro. Non Electric Fencing X
694 Nails, Screw, Nuts, Bolts, Etc. X
695 Hand and Machine Tools - X
696 'Table Flatware and C'Uf'l'ery ' i X
697 Household Equip. of Base Metal ' ~ , X
. 698 Manufactures of Metal, NL.E.C. k : X
711 Power Generating Mochmery : ' ' X
712 Agricultural Machinery, Etc. ‘ X ‘
714 Office Machines and Parts ‘ o ' ‘ X
, 715 Metalworking Machinery & Parts IR X
x - 717+ Textile & Leather Machinery ~ k ‘ ‘ : X
‘ 718 Mach. for Spec Industr. . ~ ‘ X ‘
719 Mach & Appliance N.E.C. , X
722 Electric Power Machinery o X
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. APPENDIX 111~F
TABLE [-14-4. RATE OF CONTAINERIZATION -- 3-DIGI T'CENSUS SCHEDULE A & B

IMPORTS & EXPORTS : Percent Containerized
Liquidor 0- 5~ 20-  40- 60-

Code Commodity Description . Dry Bulk 5% 20% 40%  60% 100%

723 Equip. for Distributing Elec. X
724 Telecommunications Apparatus \ X
725  Electric Refrigerators X
726 Electric Apparatus, Medical X
729 Electrical Machinery N.E.S. | , X
731 Railway Vehicles and Parts =~ X
732 Road Motor Vehicles and Parts X
733 Vehicies Other Than Road Mtr : X
734 Aircraft and Spacecraft X
735 Ships, Boats, Floating Struct. X
812 Plumb. Heating, Equip Lightfix ‘ X
821 Furniture X
831 Travel Goods, Handbags, Etc. X
841 Clothing, Efc. Not Fur X
842 Fur Clothing Incl. X
851 Footwear X
; 861 Scientific, Med. Apparat. N,E.C. X .
5 862 ~ Photographic Supplies, Incl. X
863 Motionpicture, Photofilm N.E.C. X
864 Watches & Clocks Parts Incl. X
891 Sound Recorders and Parts X
892 Printed Matter X
| 893 Plastic Manufactures, N.E.C. X
‘ 894 Baby Carriages, Toys, Games X
3 895 Office & Stationery Supplies X
896 Works of Art, Antiques ; X
897 Jewelry and Related Articles X ‘
899 Manufactured Articles, NL.E.C. X
931 Spec. Transactions not Class =~ ~ X
- 941 Animals. Live. N.E.C. Incl : X
951 Armored Fighting Vehicles, Arms : X
952 Military Apparel and Footwear : X
TR 961 Coin, Other than Gold ' X ‘
‘ 999 - All Other Commodities ‘ , X




e

~ having been reported in tons.

Although by far the majority of quantities reported are in metric tons, signi-
ficant exceptions exist. From our experience with the Trade Series C data, it
appears that if a member country does  not - report metric volumes, no
conversions are made by the OECD and quantity data for these reporters are not -
available on the tapes. Thus, inconsistencies exit across OECD reporting
countries. A second, and only slightly less troubling, problem stems from the
fact that the OECD Trade Series C data base is cross-sectional in conception.
In other words, each year & cross-sectional report is published describing
trade for that year -between the OECD members and their partners.
Occasionally, since 1961 when publication began, some reporting countries
changed the unit of measures in which they reported import and/or export

_ volumes for specific commodities. This creates considerable difficulties in

attempting to deal with the data in the time series format required for making
extrapolations. C :

Recognizing all of these problems and the fact that the OECD Trade Series
C data base is still the best single source cof foreign trade data available

" with which to examine cammodity trade between countries, a methodology was de-

vised by which the available data could be used to approximate the unavailable
quantity data. Since the FEuropean OECD reporting countries had excellent
quantity data available, it was decided that proxy trade volumes could be de-
veloped for those reporters for which trade volume were unavailable.  The

“method used was to divide the average unit value of the commodity in OECD

Eurcpe - into the value of trade in that commodity in the country for which no
quantity data were available. Thus, proxy trade volumes in metric tons were
derived. ‘

Wherever possible, a similar method was used to obtain proxies to fill
gaps within a time series when the unit of measure had changed from year to
year. The decision rule used in applying proxies was determined by the
percentage of actual data reported in metric tons for a given set of partners.
DRI found the actual volumes in the inconsistencies to be small, so that if 90
percent or more of the number of series in the aggregate were reported  in
metric tons, the actual data were used. Visual inspection of these series was

' necessary, however, to assure consistency. For a few commodities, this metho-

dology proved to be unworkable where unit values varied greatly . across
countries or where the reporting units in OECD Europe were not metric tons.
In such cases, there was no alternative but to exclude the commodity as not

! | o

Once: all of these tests had been made, the task of extrapolating the
series was approached. After examining the problem closely, it was decided
jointly between DRI and Lockheed-Georgia to use a linear technique.  This
decision was required because the final time series extrapolations amounted to
6000 representing the 3-digit level aggregations for the 25 country pairs, im-
ports and exports. However, it must be recognized that approximately three:
million time series were used in arriving at the aggregations.

SihCethe solution using the linear technigue required non-zero data with-
in each series, zero elements within the series were replaced by the means of
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adjacent period volumes (e.g., missing data for 1968 were replaced by the mean
of the observations for 1967 and 1969) and leading .and trailing observations
containing zeros were truncated. ~Finally, a linear regression was performed
on each resulting series, to derive the extrapolated or forecasted values. The
extrapolation or forecast being based on the best linear fit through the
historical time series points, and thus the iforecast of the tonnage for each
cammodity does not commence fram the historical data point for 1975. Since
the forecast data were developed for 5-year increments from 1975, the growth
for the final historical point to 1980 does not appear to be compatible with
the growth between 1980 and the year 2000.

The final output from the OECD foreign trade data Series C, the forecast
at the 3-digit level commodity aggregation by degree of containerization, pro-
vided good results for the 0 to 5 percent through the 60 to 100 percent con-
tainerization. Due to problems with the units of quantity, the output pro-
vided unacceptable results for the 15 liquid and dry bulk commodities. Since
these would have been eliminated anyway, the loss does not detract from the
overall value of the results. Thus, the anaiysis of the OECD data represents
only containerizable and containerized commodities. The DRI results for im-
ports and exports are bound separately and may be obtained from NASA, Langley.

The output of the OECD data analyses in arriving at the AACS demand are
presented for Free-World International Cargo Demand - Table II; U.S. Interna-
tional Cargo Demand - Table III; OECD Europe International Cargo Demand -
Table VI; Japan International Cargo Demand - Table V; and MACRO Regional Group-
ing Cargo Demand - Table VI. Each of these tables is further subdivided in an
identical manner as outlined as follows. For ease of reference, the first
group - Free-World International Cargo Demand - Table II will be used as the
guide.

The OECD data are not available for the separate modes, but since the
country/region pairs analyzed mostly represent intercontinental trade, the
data represent just two modes: air and sea. These totals are presented in
Tables II-1 through II-3 for imports, exports, and imports and exports. The
data are provided for each country/region pair and each degree of container-
ization for 1973, 1974, and 1975, and five~year increments are forecast to the
year 2000.  Tables II-4 through II-6 summarize these data giving just the
totals for each country/region pair, representing degrees of containerization
of 0 to 100 percent. :

Air penetration derived fram analyses of the Department of Commerce U.S.
foreign trade data by modes is applied to the OECD data to separate out the
conventional air cargo. This estimated air cargo is presented in the same for—
mats as the OECD total trade data in Tables II-7 through II-12.

This air cargo is then subtracted fram the OECD total trade to dgive .the

- OECD total seaborne cargo. This total seaborne actually represents the con~-
tainerizable trade since the 15 dry and 1liquid bulk commodities have been
eliminated from these analyses. These containerizable seaborne tonnages are
presented in Tables II-13 through II-18. o '
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Multiplying the containerizable tonnages for each degree of containeriza-
tion by the mean of the range produces the containerized tonnage. These re-
sults are presented in Tables II-19 through IT-24.

The remaining tables, Tables II-25 through II-33 are for only the summary
level by country/region-pair. Tables II-25 through II-27 present containeriz-
ed tonnage express as a percent of the containerizable tonnage. The percent-
ages range from a low of 6 to a high of 56. These percentages, of course, ex-
clude the affect of the 15 dry and liquid bulk commodities; otherwise, the per-
centages would have had a high in the order of 3 to 4 percent.

ey

The demand for the Advanced Air Cargo System, Tables II-28 through IT-30
is obtained by taking 5.6 percent of the seaborne containerized tonnage as
established from the case study results of Section II of the main body of the
report. This represents the low forecast for the AACS.

Finally, Tables II-31 through II-33 present the addition of the conven-
tional air cargo demand and the AACS demand to give the Free-World total air
cargo demand.

| As mentioned before, this structure of these tables, Table II-1 through
II-33, is used throughout Table II through Table VI. It is from the last one,
Table VI for the MACRO Regional Grouping Cargo Demand, that data are taken as
inputs to the MACRO optimization program to arrive at the demand for aircraft.
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