Table 4-14 Production and Consqmﬁlion_t_‘if N_il'rog‘enép%;s Ferlilizer

{Unit: 1,000 ton)

69/i0 | 707t N2 |73 | e | nprs | ospe | o1ef17
china  (C)| 26630 | 31150 | 31410 | 3450 4015 4000 43606 | 4500.3
®) | 1235 1426 | 1853 2245 2791 3090 31720 | 38268

India ©| 13603 | 14871 | 1760 18390 | 18290 | 176 | 2149 | 2457
® | 705 838 946 1054 | 1049.9 | 11866 | 1508 1856.8
Iren © 550 65.3 1073 | 1238 | 1941 1885 | 1900 | 2033
®| .l 309 | 62 | 1428 | 1308 | 1310 | 1257 | 1557
Iraq ©| 102 12.0 13.5 150 20.1 27.3 25.0 350
(P) - 6.0 10.7 26.2 28.1 336 24.3 25.3
Pakistan  (C)| 2726 | 2515 | 3440 | 3862 | 3419 | 3629 | 4435 | s004
P 1205 1403 | 2152 | 2744 | 2999 | 3108 | 3164 | 309.3
Bangladesh {C){ 90.4 97.7 78.1 1293 | 1270 828 | 1467 165.8
™| 434 80.2 21.3 922 | 1207 32.7 131.1 130.4
Total (€] #s1.s | s028.6 | 5439 | s9s23 | es27.2 | 64275 | 73148 | 78618
® | 21300 | 25214 | 31324 | 38346 | 44204 | 47847 | 52776 | 6304.3

(PHO) % 48 so | S8 64 6% 74 72 80
©—(P) 23125 | 2507.2 | 2315 | 21177 | 20978 | 16428 | 20372 | 15575

Note: C;Consumption

P; Production

Source: U.N. “Statistical Yearbook 1978”

4.7 Fabricated Metals

4.7.1 Canal Traffic

The southbound movements of fabricated metals through the Canal in 1978 totaled 7,894 thousand

tons, the thicd largest dry cargo after cement and mineral fertilizer. The volume represented an

increase of 103% from 1977, as remarkable as the gain registered by sugar in the year’s southbound

cargo traffic which on the whole increased appreciably. In 1977, the southbound niovements of
fabricated metals through the Canal increased by only 4%, bul as mentioned above, they increased
by more than two times in 1978. Particularly noteworthy in the countrywise breakdown of the
1978 southbound trafTic of fabricated metals is that exports from Belgium showed a three-fold
increase and impdtls by China a 3.7-fold rise. By contrast, shipments from the Sovict Union,
which was the largest exporter of this item in 1977, fell by half. '
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Table 4-15 Transited Volume of Fabricated Metals
- by Major Loading and Unloading Countries

{Unit: 1,000 ton)

1976 1977 1978
lron & Steel 1,323 1,370 2412
Sheets & Plates 773 704 1,195
&ig & Cast [ron 333 478 1010
Others 1,315 1,341 3,247
TOTAL 3,744 3593 7,594
LOADING COUNTRIES
Russia 443 573 290
Italy 381 385 793
Belgium 298 365 1,125
Geanany (Fed.) 245 296 784
England 202 255 508
US.A 247 255 289
france 161 186 482
Hotlland 228 181 618
Poland 77 144 235
Spain 149 105 630
Others 1,214 1,148 2,140
TOTAL 3,744 3893 7,894
UNLOADING COUNTRIES
{ran 724 622 149
China 650 547 2,005
Yapan 245 420 464
Saudi-Arabia iH 303 528
Pakistan 155 236 136
India 163 173 406
Thailand - 149 202
Vite-Nam T84 117 —
Singapore — 96 248
Othess 1,612 1,230 2414
TOTAL 3,744 3,893 7,894
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4.7.2  Imports

As for the volumes of steel product imporis made in the 1974~ 1978 period by countries situated
south of the Suez Canal as given by U.N. Statistics of World Trade in Steel (The stalistics cover
shipments by 26 principal steel-exporting countrics. The Soviet Union and India were not covered
because data on steel product exports by these two countries were not made available in time.),
China is the largest steel-importing country south of the Suez Canal. She imported 8,843 thousand
tons of fabricated metals in 1978, represenfing a sharp increase of 82% from the 4,849 thousand
tons imported in 1977, Iran is the second biggest lmporter whose imperts in 1978 showed an
increase of 40% from 1977.

The total volume of fabricated metal imports made by the countries in this area in 1978 was 30%
more than in 1977, This rate of increase is much lower than the 103% upswing in the 1978 Sucz
traffic of fabricated metals. This is because the shares held by European and Asian steel exporters
in trade with this area changed — that is, European exporters considerably expanded their share,
doubling the Canal traflic of such goods in 1978. Looking at the trend of fabricated metal im-
poris by countries south of Sucz during the six-year span from 1973 through 1978, a marked
increase is secn in shipments to major importing countries. China increased her steel imports
from 3.7 million tons in 1973 to 8.8 million tons in 1978, Iran from 2 million tons to 4.6 million
tons, Saudi Arabia from 0.6 million tons to 1.9 million tons and South Korea from 1.9 miliion
tons to 2.8 million tons. '

During the six-year period, the annual movements of such imports had the fisst peak between
1974 and 1976, became somewhat sluggish in 1977 and sharply increased in 1978, Like Iraq

and India, there are those countrics whose annual imports increased sharply at first, then dropped
considerably and then showed a recovery. Imports by this area, though making such fluctuations,
have been generally increasing over the long-term. The year 1978 may have been a special year in
which almost every country in this area increased steel product imports appreciably. It is surmised
from the U.N. stfatistics that the 1978 movements of fabricated metals from Europe to the Middle
East, Asia and East Africa reached about 10,800 thousand tons. This estimated volume differs
by about 2,900 thousand tons from the volume of southbound Canal movement of fabricated -
metals f,:iven for the year in SCA statistics. The reason for this difference between the U.N. and
the SCA statistics is not known. It is assuined that part of the steel cxports to the arcas were
made by land. Besides, some fabricated melal cargo may have been listed among other cargoes
when masters submitted declarations to the SCA since such cargo is shipped under the name of
various preducts and, in some cases, becomes component parts of other cargo items. -

have been listed among other cargoes when mastess submitted declarations to the SCA since such
cargo is shipped under the name of various products and, in sonie cases, becomes component
parts of other cargo items.

4.7.3 Production

The total crude stee! output of 65 steel-producing countries in 1978 amounted to about 714
million tons. The volume represents an increase of onfy 2% from the output of about 700 million
tons recorded in 1973, refleciing the economic setback following the 1973 oil crisis. Countries

in the East European bloc, however, showed a high rate of increase in crude steel production
dusing the six-year period. The Soviet Union, the largest stéel-making nation in the world, ¢x-
panded her output from 131 million tons in 1973 to 151 million tons in 1978. Poland increased
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her produchon from 14 miltion tons in 1973 to 19 miltion tons in 1978, Czechos!ovakla from

13 miltion tons to 15 million tons and Runiania from 8 million tons to 12 miilion tons, Among
‘other countries, India increased her crude steel production from 7 million tons in 1973 to ¢ mil-
tion tons in 1978, Brazil from 8 million tons to 12 million tons, South Korea from 1 million tons

to S million tons and China from 25 snillion tons to 32 million tons. On the other hand, produc-

tion in major steel-making nations of the Western World declined considerably during the six- year

period. The U.S., the second biggest steel-making country in the world, saw a decrease of 10%

from 137 mllh(‘m tons in 1973 to 124 million tons in 1978. Japan, the third largest steel-making

country, had a drop of 14% from 119 mtilmn tons in 1973 to 102 million tons in 1978 and nine 3
EC nations combined had a dectine of 11% from 150 million tons to 133 million tons. All this ’t%"
indicates that the world’s steel supply-and-demand picture is beginning to undergo a major change.

4.?.4 Exports

As forexyports by 31 'principat steel-exporting countrics (Data on 1978 exports of India and 1977

and 1978 expoits of the Sovict Union were not obtained in time.), assuming that experts made by

the Soviet Union and India in 1978 amounted to about 6 million tons, the yecar’s total volume of

exporis by the 31 countries reached some 130 million tons, surpassing the previous peak-year

‘export level (1974) after three years of sluggishness. Thé 1978 total thus obtained represnets -

and increase of about 12% from 1977. Countrywise, however, shipments from Japan which is

the world’s largest steel exporter dectined from 36 million tons in 1976 to 34 million tons in

1977 and further down to 31 million tons in 1978. On the otlier hand, some European countries

increased their steel exports during the 19771978 period with Belgium expanding her exports

from 12 million tons in 1977 to 13 million tons in 1978, West Germany from 15 million tons to

19 million tons, Italy from 7 million tons to 8 million tons and Spain from 3 million tons to 4 -
million tons.” Such East European countries as Poland and Rumania also hetd firm. K§r‘

- The situation of 1978 sh,el cxports, when looked at from Japan’s standpoint is as follows,
~ The world’s steel trade in 1978 was characterized by the intreduction of new trade-contro! ar-
rangements. The arrangements include the trigger price system of tire U.S.A., the basic price
system of the EC and voluntary export testrictions by Japan. They strengihened control on
stecl trade in terms of both price and quantity. A particularly notable’ development in Japan’s
stee] expoits was a rise in dollar-based export prices which was caused by the shacp appreciation
'of the yen against the U.S. dollar. (The yen’s annual average exchange rate against the U.S. dollar
was ¥296.55 in 1976, ¥268.51 in 1977 and ¥210.47 in 1978. There as a tise of 28% between
1977 and 1978.) Due to the upsurge of the yen’s value, Japanese steel mills canie to place prime
emphasis on the pricing aspects rather than on the quantitative aspects of their steel exporfs and
raised their export prices.  Because of this, Japanese steel exports in 1978 showed an increase of
12.7% from 1977 in terms of dollar-based value although they were 9.3% less than in 1977
quadilatively. Asa result of such a sharp raise in their export prices, Japanese stecl mills ex-
pericneed a rapid decline in their compelitiveness especially in West Asia where they had been .
faced with ficrce pricing competition from Buropean steel mills. Under the circumsiances,
European cxports to the area increased sharply. In short, this means that increased demand in -
the East, Southeast and West Asian regions and the yen appreciation-caused declinc in Japanese
exports resufted in the sharp rise in the southbound Suez Canal traffic of European fabricated
metals. As to the possibility of this trend’s conlinuation, the situation in 1978 should be con--
sidered rather exceplional when taking into account the downtrend in the yen's exchange value
~in 1979 and 4 trade’ cycle for steel. Each cara’s supply-and-demiand situation should be closely
watched in predicling the future of the world's s{ccl trade. - :
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4.7.5 Northbound Fabricalcd Metals

Tab!u 4-16 shov.snorthbound Cana} transil of fabmated melals broken down by :mpor{mg and
exporiing countries.

Table 4-16 Northbound Transited YVolume of Fabsicated Metals
by Major Leading and Unloading Countries

* (Unit: 1,000 ton)

LOADING COUNTRIES 1976 1977 1978
Japan 4018 | 1546 1,792
India 537 575 337
Austsalia 507 351 300
Singapore 397 - 152
China : 59 - ©48
Others 154 929 425

TOTAL 6,357 5,401 3,054
UNLOADING CGUNTRIES 1976 1977 1978
Russia 1,399 888 701
Turkey 663 771 292
Belgium 622 401 298
Greece 447 311 264
Ttaly 35t 441 146
ARE, 235 172 91
Spain 226 - -
Holland 219 - -
England 212 140 17
Rumania 207 305 143
Poland 125 - -
Others 1,651 1,972 1,042
TOTAL 6,357 540t 3,054

In sharp contrast to the southbound traffic, the northbound traffic of fabricated metals decreased
sharply. The northbound traffic of such goods, which was 1.7 times farger than the southbound
traffic in 1976, fell to only five-thirteentbs of the southbound traffic in 1978. There was no
major change in the ranking of both exporting and importing countries in the country-by- -country
analysis of fabricated inctals’ northbound movements via the Canal. Both exporting and import-
ing countries invariably showed a quantitative decrease in fabricated metal trade via the Suez
Canal. Among exporting countries, Japan accounts for two-thirds of the entire northbound
traffic of fabricated metals with the remaining one-third shared by India and Australia.

The Sovict Umon and Turkey are leading imporlers of northbound fabricated matals, followed

~- 69 —



by European countiics. As for steel imports of West and Bast Eiiropean nations, both West and’
East Buropean countries’ imports have been decreasing since 1976 when they re ached a peak.

In pacticalar, imports of East Furopean countries have halved. Two-thirds of Fast l*uropean im-
porls are accounted for by the Soviet Union.

Japan’s stn.el exporls to Enrope, which account for the bulk of the norlhbouml Stz traftic of
fabricated metals, declined considerbly during the 1976/1978 period as shown below:

(Unit: 2000 ton) jj
976 1977 1978
* JapanfWestern Europe 4,369 2,665 1,387
(Japan]E.C.) : 1,6 19 1,285 631

This sharp deécline is mamly a result of Japan’s voluntary export restrictions. Because of a
particularly serious slump in the West European steel industry, the operating rate of stecl mills of
nine EC countries fell to 62% in 1977, The EC, as part of its anti- slump mcasures for its steel-
making industry, asked Japan to conduct her steel export business in an “orderly” manner.

In response, Japan started the above-mentioned export restrictions in 1976 in both quantitative
and pricing aspects.  Domestic demand in the EC has remained sluggish. But, the operating ratc
of EC steel mills improved to 65% in 1978 and to an estimated level of about 70% in 1979.

This is because the EC nations stepped up their steel-cxporting efforts and, as a result, their
exporls to such arcas as America and West Asia increased. @.ﬁ

4.8 Cement
4.8.1 Canai Traffic

Southbound cement was the largest dry cargb in the 1978 Canal traffic. The year’s southbound
movements of this item through the canal totated 1 1,226,000 tons, showing an increase of 86%
from 1977, (See Table 4-17)

Among exporting couniries, Spain and Greece had a combined share of 64% in the southbound
cenent traffic of 1978. These countries have been rapidly cxpanding their cement exports.

East Furopean countrics like Rumania, Poland, the Soviel Unioh and Fast Germany have also
been increasing their exports. Destination couniries were mostly Arabian nations. Among them,
Saudi Arabia alone accounted for 46% of the {raffic, in 1978, double its 1977 share followd by
Iran, the United Arab Emirates and Kuwait. ' _ _ E (3}

- 70 -



Table 4-17 Southbound Transited Volume ol' Cemenld
by Major I_nadmg and U:ﬂoadmg Coun!nes

(Unit: 1000 ton)

LOADING COUNTRIES 1976 1977 1978
Spain . 433 . 1241 13,900
Greece 1,439 1,973 3229
Kumania 1,436 CR330 1,479
Polnd - - 297 s 800
Italy - - 1 . 3
Russia w0 296 30
‘France ‘ - - - . 189
Germany (Fed.) 116 131 187
Germany {(Dem.) - g L= - i4
Holland ' - 85 1o
Others 598 724 1,037

TOFAL 4,631 _ 6,035 11,226
UNLOADING COUNTRIES 1976 1977 1978

 Soudi Arabia 1,325 2,505 5,117
tan . 227 .- 570 981
United Arab Emirates 573 473 895
Iraq 193 378 _ —
Kuwait 127 361 865
Jordan ' - 199 328
Rép. of Sudan - 129 236
Pakistan .- - -
Others 2,186 1,420 1,443

TOTAL - 4,631 6,035 11,226

4.8.2 - Production, Exp'orts and Imports

Accordmg to stafistics of cement- exportmg countrics in Europe Spain and Greece have been
rapidly boosting their cement exports in recent years. The ralio of via- -Suez shipnients in their
cement exporls is high. Table 4-18 shows principal cement-importing countnes production,
import volumes, imports via the Suez Canal and imports from Japan, Each country has been
rapidly increasing cement consumption and imports since around 1975. Cement production in
these countries is small with the exception of Iran and Iraq. Iran’s oulput is relatively large and
Iraq’s production has been growing at a marked rate. But, production in Saudi Arabia is at 1~
1.5 miltion tons a year and Jordan produces only 500 thousand to 600 thounsand tons a year.
Although production in this region has been expanding at an average rate of about 0%, con-

‘sumption has been increasing at an exceedingly high rate, resulting in a sharp increase in imposts.

Needless to say, cement is indispensable for the construction of infrastructure facilities such as
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roads, raitways, poris and bndges Thls matenal is also used for hon:.mg and other general pro-
jects. Cement is used for similar purposes to steel. Smcc Arablan Gulf countries have been pro-
moling industrialization on the strength of their abundant oil i income, the demand for cement in
the region is very strong. :

4.8.3  Imporis of Arabian Gulf Countries and the World’s Cement Situétien’

A close watch should be paid to lhe supply picture of exportmg countries when examining the
trend of cement imports of Arabian Guif countries. Asshown in Table 4. 18, Arabian Gulf
countries® imports via Sucz Canal, that is, imports from Europc made a very big upswing com-
pared with their imports from Japan, ‘This fact may be very gratifying for the SCA. The world’s
cement supply become hght in 1977 and 1978, hnporls to the Arabian Gulf region, Africa and

“ the U.S. (particularly the West Coast) incgeased appreciably. South Korea’s export capacity
shrank because of increased domestic demand for cement in that countey. Japanese cement sup-
pliess raised their dollar-based exporl prices considerably due to the appreciation of the yen and
increased dc_imt:stic_ demand. As a result, Japan lost some exporl deals to Europe which offered
lower prices in trade with the Guif area. Also adding to the tight supply situation were contingent
and temporary factors in the Pacific basin such as the stoppage of shipments from Taiwan caused
by a typhoon in 1977, detays in works as a result of the shortage of water on the U.S. West Coast
and the resulfant concentration of works on the Coast in 1967/1977, the re sumpiion of Chinese
imports in 1978 and demand created by a subway construction project in Ifong Kong. At any
rate, due note should be taken of the fact that Suez Canal traffic is affected not only by cement
consumption and production in the Arabian Gulf arca but also by a change in competitive rela-
tionship between European exporters and East and Southeast Asian cxporter:.

Until recent times, seaborne cement transporiation was mo_stly suade in bags since this cargo is
apt to be easily dainaged by dampness and dirt. Currently, however, shipments in the form of
semi-processed clinker and in bulk have been increasing because of the need to reduce transporta-
tion costs as a result of growing demand for cement. The bulk transportation of cement was
made possible as a result of joint efforts by éxporters, importers and shipping firms. This systemn
uses general cargo ships or handi-sized bulk carriess, but not cement tankers. To receive such
cement at destinations, for instance, Saudi Arabia uses old tankers as floating storage facilities in
the ports of Jeddah and Damman. The seaborne freight rate for bulk cement from Japan to the
Arabian Gulf is about $17 per ton, as much as 30% lower than the rate of $25 per ton charged
for bagged cement on the same route. The loading and unloading costs of bulk cement can be
considerably reduced by the mechanization of cargo handhng operalions. In exports from Japan,
clinker and bulk shipments have been i increasing while bagged shipments have been deu»asmg as
shown below This trend intensified in 1979 and may be the same in Europeﬂ\hddle Bast Trade.:

Unil: %
1977 1978
Bagéed R o 61 | 39
Clnker 3 45
Buk a3 16
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Table 4-18 Cement Statistics of Arab Countries

o e (Unit: 1,000 ton)
1972 *13 74 | IS e 77 '78
Saudi Arabia .
Consumption 3950 | 6400 | 2,792 | 9010
Pes capita Kgs. 440 693 770 929
Production 910 964 1,056 | 1250 1,300 | 1,292 | 1510
Exports —_ — - -
Imports 237 635 | 2,700 sgo0 | 6500 | 7.500
Suez traffic 1 309 1,325 2,505 - | 5,117
Impot from Japan 129 22 141 592 713 1,839 | 2,032
Iran _ _ . _
' Consumption 6,620 6,900 8,800 10,600 -
Per capita Kgs. 200 203 257 300
Production 5370 | s600 | 7000 | 9.000
PLx;ioﬂs — ' - - S
Juporls 58 | . 303 738 | 1,250 | 1300 | 1,800 | 1,600
Svez teaffic _ 227 570 981
Jmport from apan 53 15 150 34
U.AE. . _ o
“Consumption 877 | 1,817 | 1,396 | 1401
Per capita Kgs. 4,000 8,000 2080 | 1,95
Preduction 47 305 310 370
Expotts - 129 550 350
fmports 830 | 1,512 | 1,636 | 1,391
Suez traffic 573 473 895
Import from Japan 130 810 i1 683
Kuwait ' _
Consumption 870 | 2000 | 1,694 | 1,721
Per capita Kgs. 870 1,900 | 1,500 1,450
Production - 285 352 | 319 621
Expoits - — 58 170
Imports 716 628 871 850 2000 | 1665 1,900
Suez traffic 127 361 865
Impoit from Japan 152 12 134 ' 411 1,197 - 730 556
iraq _ o R
. Consumpiion 2,625 2,900 5100 | 6,800
Per capita Kgs. 236 252 428 552
Production 2,700 2,700 - | 4,600 6,500
Exports _ 100 50 20 20
tmports _ 127 60 27 | 250 500 300
Suezteaffic 193 378
‘Import from Japan~ | ' 184 67

U.N. “Statisticaf Yearbook 1978

Suez Canal Report

Source: CEMBUREAU “Would Statistical Review”’
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CHAPTER 5 GENERAL CARGO AND LINER FLEET 7
{(CONTAINER FLEET RELATING TO THE SULZ CANAL)
55. 1 General:

'General 'C‘mgo' (Other Goods)

l} The pncedmg chapter of this report mainly analyzed wain dry cargoes transifing the Canal :ik
(mamly major bulk cargoes) item by ifem.
2) This cliapter is mainly intended to analyze all other dey caigoes other than main bulk
«cargoes mentioned in the preceding chapter. Strictly speaking, therefore, the headword “general
cargo > of this’ chapler means these “other goods.”

;‘3) “Fhis kind of other goods include a wide range of goods from minor bulk cargo (including
such major bulk cargo items as bauxite and alumina not mentioned in the preceding chapter but .
‘excluding cement and steel materials) fo general casgo which is generally regarded as liner cargo. '
‘This classification was made in conformity with the classification method for main cargo items
that are hauled through the Suez Canal for statistical purposes.

‘4) In the field of other goods, trampers and liners com pete with each other, and even ma_lor
bnlk cargo items discussed in the preceding chapter are often transported by liners as base cargo.

TS) - Howuvver, the problem j is that there are no global statistical data on the “other goods™ ‘which @
mainly consist of minor bulk and general cargoes. Anolther problein is that it is difficult to know

parliculars of goods classified as “others™ in the Suez Canal Statistics, zlthough their volume is

the Jargest and they are important in terms of analysis.

6)  In this chapter, therefore, we attemplt (o analyze other goods in terms of their total volume
on the one hand and to study their nlatlonshlp wilh the actual carriage of goods through the
Suez Canal on the other hand, as well as to provide data on cargo traffic on major liner lrades that
are related to lhc Suez Canal.

:Liller (Coulaim'r) Fleet R_claliug to the Suez Canal

1)  This section is essentially intended to study particulars of opcrations of comainer ships
(such as the frequency of servwes and poits of calt) by route and operator of the liner fleet re-
fative to the Suez Canal in order to make precise estimates. In this conlext, it is desirable to
survey not only the liner fleet but also the tanker and hampc; flects.

2) In this kind of survey, it is the casiest way to work from the data on vessels reglstered in @
* the Suez Canal Authority. [t will take a lot of time if some other method is employed. T he study

on the subject has been conducted by taking into consideration a recent survey seport of

Nippon Yusen Kaisha, erititled “The Container Fleet of the World and Its Operations,” and the

findings of past surveys of container ships conducted by the Japan Maritime Research Institute.

But the deta;! data is omitled from the report because it is ot of volume
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5.2 General Cargo (Olhcr Gouds)

5.2. lr Aclua! Transﬂ of Dry Cargo lhrough ihe Suez Caml

1) . At,tual trans&t vna lhc Suez Canal oi‘ all dry Cargoes other than oil and onl producls (ln lhe

past three years) was 83,832,000 tons in 1976 (41,664, 000 torns of southboind goods and.
42,168,000 tons of northbound goods), 93,748 000 tons in 1977 (Sl 996,000 tons of southbound
goods and 41,752,000 tons of norihbound goods) and 116,600,000 fons in 1978 (75,366,000 tons -
of southbound goods and 41 ‘234 000 tons of norihbound goods)

Thus the Irafilc of dry CArgo grew at an annual rate Of t7. 94% over the past two years (southbouind
goods registered a sharp 34.50% iricrease while northbound goods decreased 1.11%). Soulhbound
goods showed a spectacular growth rate compared with the slugg;sh volume of northbound goods.
On the whoele, the growth of southboimd gt-ods niord than offset lhe fall in northbound goods
(Note: Goods transported are shown in metric tons in this report.)

It is clear that the decline of northbound goods was caused by the recession and business stagna-
tion in the West and Fast European countries after the oif shock of 1973. The remarkable increase
in southbound goods refltected business aclivities in the Middte East countries, the newly indus-
teializing countries of Asia, and Japan and Australia among the developed countries, as is evident
froni the actual cargo movements menlioned in the following 5.2.2 Other Goods.

2}  As for dry cargo transported tﬁrough the Sucz Canal, we had an opportunity of surveying

the breakdown of items by type of ship for July 1978 in December 1979, with the cooperation
of staff members of the Economic Unit of the Suez Canal Authority. The survey showed that
liner ships carried 66.5% of alt dry cargo, while bulk carriers (inctuding combined carriers) hauled
32.2%, car carricrs 1.4% and other vessels 0.1%, as mentioned in the Table 5.1 Actual Carriage
Share by Type of Ship and Cargo.

The 66.5% shaie of liners appears to be a bit too big for dry Cargo which includes ma_]or bulk
cargo itcms. But it can be regarded as a case peculiar to the Suez Canal. A!lhough the survey
shows a general trend for only one month, it prov;des valuable data that give a clue to the aclual
carriage of goods by typc of ship and shOWS the trend in seaborne trade.

If the 66.5% share of liners for the p‘arlicular month is applicable to the rest of the year 1978,
liners hauled an estimated 77,539,000 tons (50,118,000 tons of southbound goods and
27,421,000 tons of northbound goods) of the 116,600,000 tons of all dry cargoes transported
in that year (75,366,000 tons of sou!hbound good:. and 41,234,000 lons of northbound goods).

5.2.2 Olher Goods {Actual Transit ihrough the Sucz Canal)
]) - “Other goods” as 1is'e-d in thissection are different from * the;s classﬂ" ed in the Sucz

Canal Report, and they mean the remaining cargoes other than the cargoes taken up in the
preceding Lhapter (Chapter 4) among all dry cargo hauled through the Suez Cana! other than

. 0il and oil products, as menhoned in 5.2.1 above.

In other words, they mean cargo items other than metals, cement, fertilizers and cereals so far
as southbound goods are concerned and those other than ore and melals so far as northbound
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goods are concerned. “Other goods™ in this limited sense include those carried by bulk carricrs
and it can be satd that they almost correspond to General Cargo mainly carried by liner ships.

2) Table 5.2 Other Goods (a) Southbound, {b) Northbound shows actual carriage of “other
goods” (southbound and northbound) by region {for the thrce years from 1976 to 1978) via the
Suez Canal.- Southbound goods increased from 22,654,000 tons in 1976 16 31 LO81,000 in 1977
and to 42,000,000 tons in 1978, registering an average annual growth rate of 36.16% oves the
past two years which is slightly higher than the 34.50% for all southbound dry ¢argo.

On the olher hand, norlhbound Cargo changed from 27,956,000 tons in 1976 to 34,456,000 tons
in 1977 and to 30,977,000 tons in 1978. T hey reglstered an abnonnal growth rate in. 1977 and
decreased in 1978 by 10.10%. However, they posted an average annual growth rate of 5.26% for
the two-year period. This shows that southbousid cargo has been on the increase compared with
all northbound diy cargo which decreased (by 1.11%) in 1978. This can be regarded as a proof
that general cargo is not so much affected by a recession.

5.2.3 Global Dry and General Cargo Traffic

1} The UNCTAD “Review of Maritime Transport, 1978 estimates, on the basis of U.N.
statistics and statistical data of Fearnley & Egers, dry cargo traffic {including gencral carga) at
812 million tons (including 327 million tons of major bulk cargo) in 1965, 1,165 million tons
{(including 488 million tons of major bulk cargo) in 1970, 1,428 million tons (including 634 mil-
llon tons of major bulk cargo) in 1975 and 1,657 miltion tons {including 645 million tons of
major bulk cargo) in 1977.

According to thc UN(TAD esllmate the annual growth rate of dry cargo in the 1965~ 197? :
period with the 1965 figure as the base was 6.12% (5.82% for major bulk cargo) and that in the
1970~ 1977 petiod with the 1970 figure as the base was 5.16% (4.07% for major bulk cargo). .

Since the world total of diy cargo traffic in 1977 was 1,657,000,000 tons, the 93,748,000 tons
of dry cargo hauled through the Suez Canal in that year (sce (1)in 5.2.1) represents 5.66% of
the total. However, since most iron ore was transporled via the Cape, the actual share of the
Suez Canal must have been greater if such cargo is excluded.

2) . As for general cargo, the OE(‘D “Maritime Transport 1970 reports that the total generat
carngo trafl‘c of all OECD membes countnes in 1970 was 190 million MfT (on almost all liner
trades). Using it as the base figure, the J apan Maritime Research Institute eshmated general
cargo traffic in 1975 at 231 mitlion M/T, in 1977 at 250 million M/T, and cstimated it as 260
million M/T in 1978 a1 4 percent average annuzal growth rate,

Since 72 977 ,000 tons of other goods were transported !hmugh the Suez Canal in 1978
(42,000,000 tons of southbound goods and 30,977,000 tons of northbound goods, as mentioned
in5.2,2 (2} above), the share of general cargo {raffic via the Suez Canal was 28.73%. It compares
with the 5.66% share of the Canal in dry cargo traffic and shows that the percentage of tiners
that transited the Suez Canal was high. : :
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5.2.4 Other Rclevant Data

1) H.P. Drewry in the “Middle East Lmer Shlppmg cstimated the total volume of séaborne -
trade in the Middle East region, which depends highly on the Suez Canal, at 51,000,000 ¥/T in
1277 (38 miltion FJT in the Persian Gulf and 13 million l*/T in the Red Sea) and, on the basis of
the 60% share of liners in cargo traffic, he estimated Imer cargo traffic in the same year at 31 mil-
lion BfT (32 million FJT in 1980 and 39 million F/T in 1985).

As for the regional breakdown of export liner cargo traffic, he estimated that Western Europe
accounted for 40%, the Far East including Japan 30% (the share of this market is expected to
grow) and North America and other areas {mainly India and the COMECON c¢ountries) 15% each.

2)  ltis not casy to convert cargo volume from FfT into M/T (and vice vetsa) because the rate
of conversion differs for different cargo items and also according {o trade practices. However, if
the rate of EJT is considéred 0.5 to M/T, and also in view of the fact that 64% of the 31 million
F/T of Middle East liner cargo in 1977 was shipped in Western Europe (40%), North America

(15%) and the COMECON countries (9% if 60% of all goods shipped to other greas were transporied

through the Suez Canal), it can be estimated that cargo traffic bound for the Middle East through
the Suez Canat in 1977 was 19,840,000 F/T, that is, slightly around 10 million M{T.

Another report shows that five Japanese shipping companiés operated 143 rusis on the tiner trade
between Japan and the Middle East in 1978, carrying about 10 million F/T (corresponding to 5
million M/T} of cargo. Itis considered, thercfore that the estimated 30% share of liner cargo
teaffic involving Japan is proper (although the goods were not transported through the Suez
Canal). ' :

3)  As for the trade between the Far Bast and Europe which depends highly on the Suez Canal,
liner conference members engaged in the trade involving Japan reportedly haul 4 million FfT of
West-bound goods, except steel materials and naked cars, and 2 million FIT of East-bound goods.
If steel materials and cars are included, the volume of West-bound traffic increases to 8 millon
F/T. Goods shipped from Hong Kong, Taiwan and South Korea by confereance liners also ap-
proach the 4 million F/T level.

4) It is said that the Siberian Landbridge service, which compétes with conference liners, hauls
| million FfT of Westbound cargo and 400,000 F/T of East-bound cargo. In terms of TEU,
250,000 TEUs. 1t can be sald that the transport of goods belween the Far East and Europe by
the Ametican Landbridge service, operated by Sea-Land Service, Inc., of the United States, has -
littte impact at present, -

5.3 Liner Fleet bspecnlly Comamer Flecl

3] Accordmg to the 1978 Lloyd s chlstcr Statistics, there were Il 371 general cargo ships
(multi-deck) totaling 60,357,000 G/T, 531 container ships (fully celtular) totaling 8,674,000
G/T and 29 lighter carriers totaling 773,000 G/T. Thus, the total number of these vesstes, which
can be regarded as liners, was |1 931 and their total tonnage was 69,804,000 G/T. It is difficult
and time- consuming to survey aclual cargo camage by routc by general cargo ships in view of
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diverse forms i_)_f operation. However, it is highly desirable to conduct such a survey about not
only liner ships but also tankers and trampers for that matter via the Suez Canal from the ship
register in the Suez Canat Authority and how often they serve on particular routes.

2)  Among liner ships, the current situation about world container fleet is as follows: In this case,
container ships mean semi-container ships, full-container ships, Ro/Ro ships, LASH ships and other
vessels such as multipurpose ships that can haul containerized cargo {in this sense, confainer ships
include oceangoing butk containers of 3,000 G/T or more or with a capacily of 150 TEUs each
that are placed on liner trades). , _ 4{

5.3.1 Container Ships Completed and New Orders Received in 1973

In 1978, 107 occangoing container ships, intended to serve on liner trades, totaling 1,920,600
G/T were completed (including remodeled ships) compared with a total tonnage of 1,270,000
G/T built in 1977, exceeding the 1 million G/T mark for the sccond yearin a row. The tonnage

_ af ships completed in 1978 was almost comparable to the all-time high of 2 million G/T registered
in 1972. In terms of transport capacity, the ships completed in 1978 exceeded those of 1972 by
20,000 TEUs and established a record of 105,000 TEUS.

As a result, the tolat tonnage of occangoing container ships Launiched on liner trades in the world
increased to 9.9 million G/T, approaching the 10 million G/T mark. Their combined transport
capacily exceeded the 500,000 TEU mark {an increase of shghtly less than 20% over the preced-
ing year)

Orders rewlved in 1978 nportedly totaled 2,850,000 D/W, and order backlogs tclaled 318 shlps 3
with a total tonnage of 4,710,000 D/T, or the equivalent of 50~60% of the cxisting tonnage. \i’

5.32 Backgm‘u.nd of the Expanding Container Fleet and 1ts Features

Liner casgo trattic has been fairly steady except in 1975 reportedly, and container trade has
emerged from the traditional pattern that’ centered round four major maskets — the United
States, Evrope, Japan and Australia — and exp’mded to the Middle East oil-producing countries
and the newly mdustrlalizmg countsies. The global network of confainer ship services is now
expanding to cover South and West Africa, the Caribbean Sea and Central America.

In terms of supply, developed countrics have begun lo replace old container shi ps after the first
decade of containcrization, in addition to the rapid expansion of container fleets of newly
industrializing countri¢s, oil-producing countries and East European countries. One frend is the
increased construction of large-sized ships to cope with increased competition.

A future problem is how business conditions in the United States, the iargesf nation in terms of’ .
handling containcrized cargo, and the second oil crisis will affect the rapid expansion of the zé)
world container fleet. . :

5.3..3 Share of Conlaineﬁzed Se.abome Cargo

The Japan Marilimc Research Institute estimates that the rate of containerization of cargo hauled
. 'ofi major routes serving Japan is about 30 percent, in view of the fact that containerized scaborne
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: Cargo accounts for 30% of att export and import general cargo traffic, accordmg to Japanese port

St‘ltlSi!CS

If this rate is applied to containerized cargo traffic between OECD countries which consfitute the
center of contamertzahon its estimated volume in 1978 was about 78,000,000 tons because
general cargo (raffic totated an estimated 260 mllllon tons in that year {referto(2)in 5.2.3 abow)

534 Relatwnslnp belvoeen FJT and TI:U

Making a simple conversion between F/T and TEU is prone to error due to specific characters of
individual trade items. As for Japan, it is generally said that one TEU is equivalent to about 24
F/T in the case of West-bound goods and about 17 FII‘ in the case of East-bound goods in frade
between the Far Bast and Europe.

According to a survey of Japan®s export and import trades conducted by the Japan Marilime Re-
search Institute, one TEU in cxport trade is equivalent to 15.4 F/T of goods bound for the West
Coast of North America, 15.3 [JT of goods bound for the East Coast of North Anerica, 17.4
F/T of those bound for Europe {the equivalent of 24 F/T for West-bound goods mentioned above
is too high) and 21.5 FfT of goods bound for Austratia. Inn import trade, it is equivalent to 13.8
F/T, 14.0 F{T, 15.3 F/T and 18.7 E{T, respectively. In terms of M/T, one TEU is equivalent to
13.8 M/T, 13.3 M/T, 12.7 MfT and 16.5 M/T, respectively.

5.3.5 Container Fleet by Routes {Especially Those Related to the Sucz Canal)

There are 32 routes served by container ships in the world, as shown in the attached List of
Containerized Trades in Table 5-3 Of them, the cight routes mentioncd below seem o be closely
related to the Suez Canal.

Far EastfEurope service,

Far East/Mediterrancan service,

North AmericafMiddle East service,

Futrope, Mcditerrancan/Australia, New Zealand service,
Euvrope, Mediterranean/Middle Fast service,

Europe, Mediterranean/South Africa service,

Europe, Meditcrrancan/Fast Africa service,

Curope, MediterraneanfSoutheast Asia service.

PN AN -

5.3.6  Container Ships Placed on Routes Related (o the Suez Canal

In our survey, container ships serving on the liner trades related to the Suez Canal were 116 fg;ll-
container ships tofaling 4,147,195 G/T (3,884,428 D/T), 214,258 TEUSs), 41 semi-container ships
totaling §32,253 G/T (716,237 D/T, 20,431 TEUs), eight LASH ships totaling 267,487 GIT
(362,036 DJT, 522 barges), 62 Ro/Ro ships totaling 702,104 G/T (1,027,330 D/T, 51,516 TEUs),
nine bulk container ships totaling 133,968 G/T (296,978 D/T, 9,835 TEUs), 4 butk carriers
totaling 66,637 G/T (96,411 YT, 1,775 TEUs), 26 multi-purpose ships totaling 294,857 GJT
(435,405 DT, 11,084 TEUs), four combo ships totaling 40,244 G/T (59,798 D/T, 1,400 TEUs)
and 20 conventional vessels totaling 226,364 G/T (295,805 D/T, about 5,514 TEUs). The total
306 ships witl a combined ‘tonnage of 6,621,982 G/T (7,510,716 D/T, 324,117 FEUs) include



23 ships in tesms of C{T, 9,'ships in terms of /T and 18 ships in temis of TEUs {plus 552 barges)
whose particulars arc unknown respeclively.

It is possible to prepare a list of ships which transited the Sucz Canal, including non-container
ships, from the original register of vessels registered with the Suez Canal Authority and other
sources. For examplg, it scems possible to learn the number of ships transiting the Canal in a given
year, the tonnage of such ships by shipowner or group and their frequencies of service through

the Canal and prepare a list of newly completed ships using the Canal.

X

~ 80 -



$L61 Ay rean) zang sy wt s203ae) pue sdyS yo AL Aq Bewue) Jo puNf [EOBITYY I-§ JqEL

STL'OLS'L | LOY'L L 961'99 | 1LS06I 850091 LY6'T1L 989'CS6'C | TSTOY | 9I9L¥ST 0o |
120'THTy | OpE'p TP0's6 | BLTLT v1$'S1 9p8'L9Y 1$6'€0¥'T £29°88 1€ 19T T ymoN |
: _ | [{95°99) L£9°LT6'L ] _
{%001) (%10 %71 ¢ @81 (%51 (6'6) %€°e$) Bry | %19
§98°SEE'TT | LPE'TT 8ETI9T | $¥9LIT 29s'ELl SHLIGLT'T | LE9'95E'D | 968'9TT | LYT'OOL'E | Tl
SLIRTIES | 88TL 96T°99 . 1 BTST | 8P0091 T6E669 . | S1S0ST'E | 000" | PGISES [nos |
588661 | LTIV IO sLTLT PISEL | OVBULOY. | PIYYEIT vLI'TS vev S quoN |
o (o) 1 (10) {%8'1) y %50 @) @D - ] (%8°19) (%9°0) (%6LD) o (9nda)
o TOL'TIRE o STF1L SETTI9T | BEHIIT T95'EL1 RETLOT'T | 6TE'PHES . HLT'9S §89'085°1 B0 | S0 L
9LYPTOT | - - P - S | 60E'8EE - L9E°989 yinog
916%E | - - P - [ | 916'E - YUION
@oor) i - @se) {(%8'%9)
T65°65C'1 | - - |- ~ - §TT'ELE - L9E'989 0L WAL 9
L 6LE'LSE 1 61€ | — P - A £€5°LT Po- TLsLle | wnes
CRLITOT | €1T | - = - B s65'sT 1 0T osE'oLl | WIN
{001 (%1°0) i @t (%56 P (%788} | (v ndy)
L §TL8SS 433 -~ - - | §55'TT §II°ES - 0T Zl0's6y | o0l | [P QRS °§
L10'551 - - - ~ - vOv'L L= EITLPL WS
514 (v - P - - $OU'SE 1 6YY9E | LEY'9TT . WMON
- (5007) m oo o %0's) | (%0T8) !
- 89T'9SY | — - | = - - 695°SY i 6PP9L | 0§TWLE | [t 21Q) UOI[ P
LET'O6E | = - | = - - 7 vLO6ST 1~ £90'€1Z |  W@no§
- - - - - - - P - [ uueN
(3001 4 (goyy (%263)
LET'06E - -~ - - | - vLO6ST 1~ £90'1£T BOL | X7 ¢
§89's81 - - P - - | v86SS 1 TSTeE 6LEC6 wnnos
0$E111 - - - - - osg'ge | — 00S'CL 0N
(%001) (pe'1€) | @TTU | (%6°68)
90°L6T - - - - - pOS'P6 | €5T'9E 6LE'89T moL | eydsoyg T
T11'692 - |- | L8T'1 - - LG8'STT - RIS nnog
19¥'76 - - - - - 110'TL - 05702 S UEoN
(%001 : (%£°0) (%18 (%¢°8%) _ _
€L8'19¢€ -~ - LET'T - - 806'581 - SLL'WLY oL S[ERIRD 1
diys oy/oy | dryswsey | Jewmmue) | 4SO 2dA], oB1e)
=ol dryg 1oy T L “ 2 QO de kit
TS 210 oELY) e 0 "qued 0 Aing 241, rus
|
L/ v

-~ 81



Table 52 Cargo Movement by Areas of Other Goods in the Suez Canal 1976 — 1978

(é) Southbound goods tonnage by regions

" north & sbuth of the Canal
notth & south of the Cana - (Unit: 1,000 ton)

- REGIONS  Other Goods - .
A North of the Canal: 1996 1977 1978

North & West Europe & UK. Porls 9,142 13,899 19,467
Battic Sea potts 785 1,053 1,370
North Mediterrancan ports 4,814 7,140 9,481
East & S.E. 794 659 972
West & SW. 652 1,081 1,648
Black Sea posts 2,941 3,603 4,002
Amierican ports 3,244 3,888 4,643
Others . 282 328 417
TOTAL 22,654 31,681 42,000

B. South of the Canal:
Red Sea porls 4902 6,720 10,843

East Africa & Aden _ 1,767 2,153 2,436
India, Pakistan, Sii Lanka & Burma 2,341 3,586 4,262
Arabian Guif ports 6,182 8,013 10,328
Scuth East Asia & Sunda Islands 2,228 4,777 5,574
-Far East 4,312 5,343 7,221
Austalia . 413 967 1,339
Others 509 92 0

TOTAL ' 22,654 31,681 42,000

Source: Suez Canal Report

— 82 -

L



(b) Northbound goods tonnage by regions

norih & soath of the Canal

(Unit: 1,000 ton)

_ REGIONS - Other Goods _

A. North of the Canal: 1976 1977 1978
North & West Europe & U.X. ports 13,570 - 15,346 14,817
Ballic Sea ports 1.041 1,253 879
North Mediteranean posts 4,610 6,675 6,581
East & S.E. ' 1,945 3,212 2,163
West & SW. 526 930 462
Black Sea ports 3,769 4446 3,684
American ports 1,504 1,805 1,521
Others 591 789 870

TOTAL 27956 34,456 30977
B. South of the Canal:
Red Sea ports 2,311 2419 2,637
Fast Africa & Aden 2,175 2,848 3,574
India, Pakistan, Sri Lanka & Burma 5,120 5,675 4,852
Arabian Gulf ports 473 354 291
South East Asia & Sunda Islands 8,850 ' 10,209 11,311
Far East 5,124 10,056 6,178
Austyalia 2,675 2,715 2,124
Others 593 90 . 0
TOTAL 27,956 34,456 30,977
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Table 5-3 List of Container Trades in the World

Japan & Far Bast Trades

. us 'f;lédes

Eﬁmpé & Mediteiranean

Tradés

Australia Trades

I. Far Bast/PSW(US.A)
2. Far East/PNW(U.S.A)
3. Far Bagtf -
Atlantic Coast
(North America)
4. Far Easilﬁuiope
3. Far East/
Meditercanean Sea
6. Far Eastf Australia,
New Zealand
7. Far Bast/Middle East

8. Far East{Caribbean
Sea, Centrsl &
South America

9. Far F,as.lfWest Africa
10. JépaniNakhodka

11. Japan{China

12. Asia Arez

I
12.

1. Atlantic Coast of

North ;America,’
Furope

. Gulf (North Amén'éé)
{Europe '

. Atlantic Coast of

North America/
Mediteirancan Sea

. Guif (North Amesica)
/Mediterranean Sea

- Great Lakes & East
Coast of Canadaf

- Burope, Mediter-
rancan’

. Pacific Coast of
North America/
Europe, Mediter-
fanean

. North America/

" Australasia

. North Americaf.
Middle East

. Atlantic Coast of
North America, Gulff
Caribbian, Central &
South America

. Pacific Coast of North
America,Gulff
Caribbian, Central &
South America

Noith Amefic-alAf_rica
North Amersica Area

L. Burope, Mediter-
" raneanfAustralia,
New Zealand

2. Burope, Mediter-

* raneanfCaribbian,
Central & South
America

3. Furope, Mediter-

raneanfMiddle East

4. Europe, Mediter-

raneanfWest Africa

5. Europe, Mediter-
rancanfScuth Africa

6. Europe, Mediter-

raneanfEast Africa

7. Europe, Mediter-

rancanfSouth &
East Asia

. Austealia/Middle East,

AustraliafIndia and
Pakistan, -~

AustraliajPappoa New

Guinea
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CHAPTER 6 MARITIME TRANSPORTATION COSTS

6.1 General

In the system analysis report for the last fiscal year, the cmphasm was placed pnmanly on
tanke:s, and the cost analysis also centered around tankers. Four size of ships were sclected for
the respective development projects of the Suez Canal — the 60 ,000, 150,000 ancl 250,600 dfwt
tankess and the 500,000 ton tanker which is about the largest tanker in existence. Using these
four sizes as reference, _

1) Calculation was conducted on route sclection by voyage cstlmatc and

3 A cost comparison was inade under the per-ton-cost formula on each ship size route and also
a study was made on the fufure trends of the tanker market. This was followed by an analysis
made on how the price increase of s!ow steaming bunker oil and the fluctuation of canal toll
would affcct route selection.

* For further dclalkd analysis, sce Chapter | Analysns of Effects of Freight Market Upon Suez
Canal Traffic (VLCC’s 1978) in the September E979 Research Report by the Economic Unit
pfcpared as part of the training program, Asa means to supplement &he above ﬁndmgs the three
followirlg analysis were made on tankers for the current fiscal year.

1) Anaiysns of the effects on the lankcr market after bunker oit price increased from 580 to

3160;
2) Analysis of the New World Scale Rates effective .lanuary 1, 1980, and
3} Analys;s of the economy of canal {ransit by part taden lankers

Analysis‘ for the second fiscal year will be conducied on non-fankers, especially dry bulk carriers

and tramps. In general, the traffic volume of non-tankers is relatively unaffected by the fluctua-

tion of the freight niarket (the same can be said for tankers below 150,000 tons.) Notably, the
smaller ships can adequately reap the advantage of passing through the Sucz. Butin larger ships
like bulk carriers over 60,000 tons ané combination carriers in the AustraliafEurope iron are and
coal trade, canal fransit is frequently affected by the freight market. In conirast the fmctuahou
of the freighl market has relatively litlc impact on the U.S. GulffArabian Gulf and grain {rade
because the ships are eelatively smatl. The following shows some actual éxamples of sclcclmg
shipping routes in lenns of trade roules and size of ships.

6.2 FEffects of Fuel Qi Price on ilie Canal Teaffic

In the Systcms Analysis chorl {Part 11, 5. 7.) of last year, an analysis was conductcd on a l0%
increase in bunker oil price. The brcak{:m\ point of C/C and C/S for Ras Tanurs/ Rolterdam for
250,000 ton tankers changed only sllghtiy from $6.69 (o $6.66. Actually, the prlce rose twofold
from $80 to $160 after the turmoil in Iran entering 1979, However, the changf, in breakeven
point showed a drop ol'0nly $0.29, or 4.3% to $6.40. {2 points in terms of worldscale) {See
Table 6.1) This trend is also seen in other types of ships. Then, has the rise in’ bunker oil ptice
affected VLCC transit in the Suéz Canal? The answer is “Yes”. Or, it would b¢ more accurate to
say: “The impact comes indirectly after the tanker markel has bcen effected by the price increase.’
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. . Table 6-1 Break Even Point of ZSO,QGO ton Tanker in the Trade

of Ras Tanura to Rotlerdam via C/C and C/S

Source: General Council of British Skipping

Norivegian Shipping News Tanker freight index
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Freight rate World Scale World Scale
per ton equivalent {(C{S) equivalent {C/C)
. Fuel oil price
perton . f
580 $6.69 W 40 W38
2. Fuel oil price
per ton
$160 - $6.40 was W 36
Table 62 Laid-up Tarker Tonnage
Tgnker Tanker Market
Lay-up }
- (No) {000 &) (World Scale)
36th April 1977 319 26,766 . 238 .
35t May 1977 319 29,132 222
30th June 1977 327 3,2 204
3lst fuly 1977 © 330 33,921 220
3Ist August 1977 332 iz . 239
30th September 1977 3319 35,085 226
© 31st October 1977 342 37,447 246
30th November 1977 324 31,170 282
31t December 1977 22 31,503. 30.2
31st January 1978 327 33,597 20.4
- 28th February 1978 335 36,069 20.6
3ist March 1978 346 38,399 - 195
30th Aprit 1978 354 40,986 19.0
3ist May 1978 357 42,264 20.3
30th June 1978 368 43,521 21.2
31st July 1978 36l 43,219 263
3ist August 1978 356 41,602 . 310
30th Seplember 1978 328 38,013 359
3tst October 1978 280 29829 | - 449
30th November 1978 249 25924 - 49.8
315t December 1978 23 . 23,164 400
st Janvary 1979 208 20,873 314
28th Febuary 1979 196 . 20,806 - 12
st March 1979 190 21,639 439




(WS

Examire Table 6-2.  This is a table contrasting the tanker market (VLCC, by Norwegian Ship-
ping News) with the laid-up tapker tonnage in the two years alter April 1977. The volume of Yay-
up tanker reached its peak of 43,521 thousand dfwt in June 1978, However, in the several
months preceding this peakmg, the VLCC was about W20 in the tanker market. This table also
shows that in 1977, Ihe markel was about W23, with lay-up tonnage stightly ovei 30 mitlion tons.
In other words it indicates that the tanker market durmg this period was lower than most of the
ships’ lay-up point: It was notably a severe period for the older uneconomical {inefficient) ships.
Here, we would like to say something on lay-up point.

Lay-up point in general means the frcight level at which the shipowncr determines it is more
economical to lay-up a ship than to use it to transport cargo. This is shown in the following
eqguation: '

Freight income — voyage cost
Voyage days

Net income per day(

"Ship cost savings by lay-up
Lay-up days

Ship cost savings per day

Ship cost savings mean the amount of ship cost (crew cost, maintenance cost and insurance
etc.) saved by fay-up minus the special expenses required for lay-up. The amount woutd differ

considerably according to the condition of the ship, the method of fay-up and duration of lay-

up. The lay-up point is the support base of the tanker market. The lowest limit for the very .
short-term is the point whese the net income per day becomes zero. A rise in the bunker oil price
has the cfiect of raising the tanker markel by pushing up either this lowest limit or the lay-up -
point which is the support base. For example, in the case of a 250,000-ton turbine tanker on the
Ras Tanura/Rotterdam C/S route, the cost of consumption of 8,612 of fuel increases from
$688,960 at a bunker price of $80 to $1,377,920 at a bunker price of $160. This works out

to $2.86 per ton for 240,587 L/T of casgo carried. This is cquivalent to 20% of the standard
World Scale Rate of $14.28 (July 1, 1978) for the same route, or W20. Assuming that the

VLCC lay-up point, or the botiom line of the market is W15 (monthly average in April 1975

“was W16.1), the nrarket’s lower limit would be W35 as a result of the bunker price rising to $160.

As a result, the botton limit of the VLCC Mediterranean tanker market would surpass the break-
even point of CfS and C/C and approach that of N.\Y. Eusope. Conscquently, it increases the
competitiveness of the Suez Canal. (See Table 6-3) This computation is based on turbine. The
ligure would be lower (about two thirds) in the casc of dicsel tanker. Howevcr, it would be
appropriate to use the figures for turbine because 80% of the 150,000 ~ 300,000-ton ships and
all of those above 300,000 tons are turbinné. The analysis was conducted on the basis of the
conclusion that a rise in bunker oit price would push up the lowes limit of the tanker market.
However, it would be dilficult to answer the question, what would be the WS at ¥160, if for
cxamplg it is W40 at $80? In general, it can only be said that when the market is in an upswing,
the impact of a rise in bunker il price is smaller if thc market is higher.
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Table 6-3 Break even point of 250,000 Tanker in the Trade of
Ras Tanura to Major ports via €/C and €/§

Freight rate World Scafe World Scale
per ton equivalent (C/8) | equivalent (C/C)
1. Piracus 5 I w27 - w23 N
2. Trieste $ 4.28 W28 w25
3. Genova 3 463 W30 W23
4. Fos . § 475 W 33 W0
5. Rolterdam $ 669 W 40 W 33
6. Halifax $ B33 - W57 W 54
7. Bahamas $12.78 W31 w78

6.3 New World Scale Rates (January i, 1980)

New World Scale Rates (January 1, 1980) werce announced by World Scale Association (London)
Ltd., and World Scale Association (NYC), Inc. These rates include the rise in fuel oil prices from
October 1978 to September 1979 and the changes in port expenses from April 1979 to Sepiember
1979 (Port expenses for October 1978 (o March 1979 were incorparated in the July 1979

edition of the World Scale Tariff.) The Ras Tanurs/Rotterdam case according (o the July 1979
and January 1980 cditions are as follows:

Unit: USS -
Suez CapefSuez CapefCape
JAN. 1980 )
12.39 i6.54 20.56
Additionals for Rofterdam - 057 0.57 0.57
Suez Differentials 2.34 _ 1.06 —
JULY 1979 _
10.64 1394 17.32
Additionals for Rolterdam 0.50 : 030 0.50
Suez Differentials 2.4 1.01 -

Note:  Additionals for Rollerdam 0.57 are for crude oil and entire discharge.
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Table 6.4 Worldscale Rate of Main Routes as of Jan. 1,80

Loading poﬂ ~ Ras Tanua M.A. Ahmadi Kharg Istand
Discharge port ' 8 cs S Cs S cs

Mifford Haven 2035 | 1233 | 1630 | 20.86 | 12.84 | 16.31 | 21.66 | 13.64 | 17.61
Falmouth 2007 | 1206 | 1602 [ 2058 11257 {1653 | 20.38 | 13.37 | 17.33
Lavera 2001 { 973 {1485 | 2062 | 1024 | 1536 | 2142 | 11.04 | 16,16
Venice 2137 | 9.04 | 1501 | 2188 | 955 | 1562 | 22.68 | 1035 | 16.42
Genoa 1998 | 931 | 14.57 [ 2049 | 9.82 | 1508 | 21.29 | 1062 | 15.88
Rotterdam 203 {1306 | 1711 {2864 [ 1367 | 1762 | 2244 | 1447 | 1542
Wilhelmshaven 2035 | 1329 1728 | 2186 | 1380 [ 1779 | 2266 | 1460 | 1859
Hamburg 21.58 [ 1352 | 1751 | 2209 | 1403 | 1802 | 2289 | 1483 | 1882
Stockholm 23.38 1152 | 1921 | 23.89 | 15.63 | 19.72 | 24.69 | 1643 | 20.52
New York 20.54 | 1496 | 1772 | 2005 {1547 | 1823 | 2085 | 1627 | 19.03
New Orleans 2073 11670 | 1870 | 21.24 [17.21 | 19.21 | 2204 | 1801 | 2001
San Francisco 1861 19.12- - 1992

Los Angeles’ 19.17 19.68 2048

Trinidad 1775 | 1506 | 1640 1826 | 1557 | 1691 | 19.06 | 1637 | 17.71
Sanlos 15.80 16.31 17.11

Melbourne 13.20 13.74 14.51

Keclung 10.16 10.67 11.47

Yokohama 1242 12.93 13.73

Pirzeus 2126 | 7.85 [ 1444 | 2177 | 836 | 1495 | 2257 9.16 | 1595
Tricste 21.22 | 890 { 1496 | 21.73 | 9.41 {1547 | 22.53 | 1021 | 16.27
Fos’ 2011 11973 | 14.85 | 2062 | 20.24 {1536 | 2i.42 [ 21.04 16.16
Hatifax 2006 | 14.10 | 17.05 | 2057 | 1461 [17.56 | 2137 | 1541 | 1836
Freeport, Bzhamas 2095 [ 1645 | 18.68 | 2146 {1696 {19.19 | 22.26 | 17.76 | 1999

Note:

S = Via Suez in both direction

€8 = Via Cape Town in laden voyage and Via Cznal in batlast
$2.34in S and $1.06 in CS should be added.
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This margin of increase is equivalent to about 18%. Let us see how the market indicators change.
The indicator for W50 in July 1979 changed to W42.3 for Sucz in January 1980, W42.1 for CfS
and 42.1 for C/C. Let us next examine the break even points for CfC and C/fS routes for a
250,000-ton Ras TanurafRotterdam tanker using this new rate and the present fuel price (5160},
When we do the calculation by llsing Part I 5.4 and Table 5.1 {26 & 27) of {ast year’s report

(Systems Analysis March 1979), the break-cven point comes to $6.40, or W31 for CfS and W30
for C/C when the new scale is used. This is still an atiractive figure when compared with the
VLCC rate of W50 for A.G./Europe entering 1980.

‘Moreover during January 1979 the market was about W30 as against the break-even peint of
W38, and in January 1978 the market was about W20. For refercnce, a table of new world scale
on major trade is attached to this report. {See Table 6-4)

6.4 Profitability of Part-laden Tankers

The number of lasger-than-60,000-ton tankers which passed through the canal part-faden in 1978
totailed 235 vessels {224 northbound and 11 southbound). Especially the northbound vessles
had transported 47% of the tofal of 28 miltion tons of petroleum transported through the canal.
1t is thought that these ships had passed through the canal part-laden because the present restric-
“tions on draft and ship width prevent them from passing through futly loaded. The same can be
-said for some of the 40,000 to 60,000-ton class tankers.

According to SUMED officials, some of the tankers would transfer part of their load to SUMED
pipeline and reload the oil after passing through the canal on the Mediterranean side. The next
"Fable 6-9 (1) (2) show a study on the profitabilily of general part-laden tankers that do not usc
the SUMED. The case study scts the size of tanker at 78,000 dwt. In this case, the types of
ships that are allowed to navigate through the canal are those with a width of 127 feel (38.7 m)
and drafi of up to 36 feet as stipulated in the SCA Rules of Navigation. At a draft of 36 feet,
the dead-weight, calculated by the deadweight scélc, would be about 63,000 dwi. Letus
compate (he profitability of shipping between a fully-loaded ship on tie C/S route and a part-
laden'ship on the S/S route. The break-even point

Loaded tonnage X frei_gllt rale — voyage cost

No. of days per voyage

would be $11.52, the same for both. - This freight level is not necessarily low. 1t appears there is
very little merit for part-taden Genoa-bound tankers to transit the Canal.

When considering this problem, however, it is necessary to ¢xamine the differential in ship size
in the tanker inarket. The tanker market for 1978 as indicated by ihe Norwegian Shipping News’
Freight Index is as follows: (average for Januvary ~ December 1978)

150,000 ~ W.29.1
60,000 ~ 150,000 W.64.1
30,000 ~ 60,000 W.107.9
~ 30,000 W.152.2  (dirty)
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For VLCC, this is a level that only covers 60% of the cost. In comparison, the level for small
ships is very high and just about covers their entire cost. For the aforementioned part-taden
tanker, a higher freight rate for the 63,000-ton level can be obtained, and this is the merit for
part-laden operation. The reason for the high freight rate for smatl ships and low rate for the
large ships can, of course, be attributed (o the fact that a large number of 60,000-ton class
tankers have been chartered to transport U.S. oil imports. Asa reflection of this, more and niorc
orders are now being placed for tankers of less than 80,000 tons. ’lhcrefom, it is believed that
the gap in freight rates will gradually close.

6.5 Profitabitity of Large Bulk Carrier Transit in the Austalia, India/Europe Iron Ore Trades

Northbound iron ore transitéing the Canal in 1978 came to about 3,201 thousand tons. The
loading countri¢s were India and Australtia and the unloading nations were Rumania, the Sovict
Union and West European nations. On the other hand, the volume of iron ore shipped to
European countrics in the same year from Australia and India totalled 16,627 thousand tons (s¢e
Table 6-5). Of this total, 23.5% passed through the Canatl.

Table 6.5 Iron Ore Movements: Australia, IndiafEurope Frade, 1978
{Unit: 1,000 ton)

To: : .
‘ UK. Cont. Meditercanean | Other Lurope Total .
From: :
Australia 12,418 £,533 737 14,688
Asia 23 764 1,150 1,939
Total 12,443 2,297 1,857 16,627

Source: Feamley & Fpars Chartering Co., 1d. “World Bulk Trade 1978

In other words, the remaining 12 million tons were lrmsponcd by Iarg» ve ssels via the Cape

We now turn to a study of the cconontic possibilitics of large ships iransitting northbound
through the Canal after the latter part of 1980 when the First Stage Development Project is
scheduled to be completed. The pattern of disiribution by ship sizes in this trade shows that
about 80% of the Ships are larger than 60,00{) tons, according to Fearnley and Egers. Notably,
ships over 100,000 tons dominate, accounting for about half of the total,

Thus, a comparative study was made on the profitability of the Suez and Cape routes for
130,000-ton bulk carrier, the typical size that would meet the 53-leet draft limit after the
complel:on of the First Stage. (Scc Table 6-9 (3), {(4)) According to the study, the difference in
distance between the two routes is about 2,100 niiles {Port Dampier/Rotterdam). The conditions
of competition arc severer than in the case of the 4,600-mile distance difference in the Arabian
Gulff/Europe fanker trade, The break-even point freight rate where the profitability of the two
routes becontes cqual is $10.26. If the rate is higher, it becomes more advantageous to use the
Canal. When we examine the contracts on the trade of ships of this size in the recent dry cargo
market, we note that the rate were at a low of $8 in March and April 1979. The rate, however,
rose considerably to about $12 in September and October, exceeding the break-even point.
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Table 6-6 Ships’size Distribution in the Trade of Australia, IndiafEvrope

- (1,000 DWT)
-40 40-60 60--80 80—-100 00— Total
Importing Area (%)
UK/Conlinent 8 ' 3 24 12 53 100 _ ;i
Mediterranean 1} 13 16 12 48 100 Al
Other Furope o A3 22 16 8 11 100
Exporting Arca ) _
Asia 30 I5 12 2 4% 100
Auslralia 7 8 6 71 100

Source: Feamley & Egers Charlering Co., Lid. “Woild Bulk Trade 1978

This is atributed to the fact that the dry cargo markef was generally bullish, and that there was
also a recovery of steel production in Japan and Furope. There are mixed opinions as to whether
this trend will continue in the futore.

In the ln'dialliurope trade, the ratio of small ships is high. When a similar calcwlation is made for g
a 60,000-ton ship, the break-even point comes to $4.16, making it over-whelningly advantageous h
to use the Suez Canal. The market will have negligible effect on this trade.

6.6 Profitability of Large Bulk Cassier Transit in the Australia/Europe Coal Trade

The volume of coal transported through the canal in 1978 from Ausiralia to Europe totalled
874 thousand tons. On the other hand, the total Auslraha/ﬁurom coal trade was 6,733 thousand
tons as shown in Table 6.7.

Table 6-7 Coal Movements: AustraliafEutope Trade, 1978
' (Unit: 1,000 ton)

To:

_ UK. Cont. | Mediterranean Other Europe Total
From:

Austraia 4,636 1,205 892 6,733 1’

Souice: Feamnley & Egaré Chadlering Co., 14d. “World Bulk Trade 1978”

The distribution of ship sizes is shown in Table G-8 The ratio of large ships is lower than in the
iron ore trade (about 20% of the ships are over 100,000 tons).
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‘Table 68 Ships’ Size Distribution in the Coat Trade of Australia/Furope, 1978

i e {1,000 DWT)
~40 40-60 6080 80100 100— Total
Importing Arca : (%)
UK/Continent 37 12 26 5 20 100
Mediterranean 32 23 20 11 i4 100
Other Europe .66 17 - 11 1 5 100
Exporting Area
Australia 14 27 7 1 2 100

Source: Feamley & Fgars Chartering Co., Ltd. “World Bulk Trade 1978”

Table 6-9 (7}, (8} is the voyage estimate of the comparative profitability of 130,000-40n bulk
carriers using the Cape and Suez routes. The break-even point is $10.85, or about the same as

in the case of iron ote. The freight market at present is about $14. Thus, even large bulk carriers
will be able to use the Canal in this trade after the completion of illc First Stage Development
Project. Attached for reference is a comparative study on the profitability of 60,000-ton ships in
the Australia/llurope bauxite trade. The break-cven point for this is $9.28 and the market price
is about $20. The Suez Canal has considerable competitive power in this ship size.

6.7 Profitability of Bulk Carricr Transil in the USA/Indian Ocean Grain Trade

Southbound grains are shipped from the U.S., Canada and France to nations along the Arabian
Gulf and the Indian Ocean. Some of the loading arcas include the U.S. Gulf, USNH (Northern
Hatteras: US East Coast, northern part), St. Lawrence and Great Lakes. The voluine is not
available because the trade statistics include shipments from the U.S. and West Coast of Canada
to Asian counlries. Asa sample computation for route selection, the case of U.S. GulffKarachi
by 45,000 ton ship is given. {Table 6-9 (11),{12)) The break-cven point is $6.68 which is signifi-
cantly lower than the present freight market of about $30. The Canal thus is quite competitive.
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PART 1V

SHORT TERM FORECASTING OF CANAL TRAFFIC






CHAPTER 1 INTRODUCTION

1.1 Objectives
This part describes a short term forceasting system wheteby the Canal Traffic can be forecast.

A basic system for short term forecasting was pfopbsed and presented last year by JICA. Revised
and expanded in 1979, the system now generates more reasonable results with a more detailed

\i analysis.
A short term forecast of tanker traffic through the canal is excluded from this study, because it
was explained at the training exercise in Egypt in 1979, Also, short term forecasting of tanker

traffic should be made using a model similar to the long term forecasiing system described in
PART V, after the completion of the first stage expansion project of the Suez Canal.

1.2 Outfline of the Study

The meihod of forecast is explained in Chapter 2, where the step by step forecasting procedures
are shown.

Using this model, the following variables can be forecast: -

1)  Velume of cargo

2)  Volume of ¢argo carried by each ship type

3) Canal transit by SNT, categorized by ship lype, sh'ip size, loading'condilion, etc.

4) . Canal transit by number of ships, categorized by ship type, ship size, loading condilion, ete.
5) Canal revenue

In Chapter 3, the case study was made to explain the process of traflic forecasting, based on
actual data on world economy, woild seaborne trade, canal transit records, etc.
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 CHAPTER 2 METHOD OF FORECAST

2.1 Outline of Method

The short term traffic forecasting method described here is closcly related to the long term traffic
foreca_sting method for non-tankers, as shown in PART VI. For this reason, readers are advised to
refer PART VL.

The mcthod adopted here consists of two parts. In the first pait, the volhmc of cargocs by.catgo
type is forecast; and in the second part, the number of ships is forecast, based on the volume of the
forecasted cargo.

2.1.1 Forecast of Volume of Cargo

The method of forecasting the volume of cargoes is explained below, and is iltustrated schemati-
cally in Fig. 2.1.

(1)
)
(3)
(4)

(5)

{0)

Forecast the growlth rate of GWP (Gross World Producis)

Estimat the elastic figure between world seabosne trade and GWP for ¢ach type of cargo

Calculate the growth rate of world seaborne trade

Forecast the volume of world seaborne trade
Estimate the share of transit volume through the Canal in world seabormne frade

Forecast the transit volume through the Canal

i 1) Growth sate of GWP 2) Elastic figure belween CWP
(GR(‘)) and seaborne trade (e !(‘)) ‘
J
2|

3) Growih rate of world international
seaborne trade (B(:))

4) Volume of woirld intesnational
seaborne trade t
@)

5) Share of transif volume theough the
Canal in world seaborne trade (a{!b
i

6) Transit volume through | . ,7,*,,_m/|

the canat (r El) )

Fig. 2.1 Shoit Term Traffic Forecasting (Cargo Volume)
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The following equations ace used to forecast the future transit volume through the Suez Canal
for each type of cargo,

V= E(i” .Gr(®" | ST (2-1)

Q(it) = (I + g(t)) .'Q(it']) C e e s st e sa e ca e (2‘2)

i
O_ O D
Tiy=a5r Q9

'f ! RN “ ke s e s maa s e

where GRY < growth rate of GWP in the t-th year

e(it) : elastic figure between GWP and world seaborne trade of cargo (type i} in the
f-th vear '

t

L0

: growth rate of world seaborne trade of cargo (type i) in the t-th year

i
ng) : present world seabome trade of cargo {type i)
1

a(i? : share of transit votume of cargo {(lype i) through the Suez Canal in the world
scaborne trade in the t-th year
: type of cargo
! :1=1....Northbound
{=72....Southbound

T i(tl) : transit volume of cargo (by lype) through the Suez Canal in the t-th year
iy 2.1.2  Farecast of Number of Ships and Revenue

The number of ships, and the canal revenue is forecast by the procedure shown below,
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Canal Pue Rale

11)

Revenue from
Laden Ships U

e ———

13)

Total Revenue
R=U+V

12)

Revenue from
Ballast Ship V

Canal Due Rate
Vij (3/SNT)

L]
(Cargo Tons)

» |

Cargo Volume by
Ship Type y!
i

Transit Cérgd
Volume
Ty

(i‘a;go Tons)

4)

Ship Volume
(laden) v
L]

(SNT)

6)

Ship Volume by Size
!
yA i

(SNT)

8)

Ship Number

laden i
(laden) N

(Ships)

%)

‘Ship Number
in hatfast !
( st} M b

{Ships)

10)

Ship Volume by Size
in ballast) ¢
( ) By

W

1)
Ship Type Distribution
i
Pij
3)
Conversion Factor
Y
f
(SNT
Cargo Tons
5)
Ship Size Distribution
q ik
7)

Repiesentative Size of
Shi
| ik

(SNT/Ship)

(SNT)

Fig. 2.2 Schemalic Diagram of Short Termy Traffic Forecasting

{SNT No. of Ships, Revenue)
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D

2)

3)

Ship type distribution for each type of cargo (Seé Table 3.1)

Cargo volume by ship type (in metric tons)

Conversion factor from Cargo Volume to SNT for each

- ship type (See Table 3.1)

4)

3)

6}

)

8)

%)

10)

Ship volume of ship type (in SNT)

| Ship size distribution of each ship type (See Table 3.2)

Ship volume by ship type and size, laden case (in SNT)

Representative sizé of each ship size category
(in SNT/ship) (Sce Table 3.3)

Ship number by ship type and size. (taden ships)

Ship number by ship type and size (in-ballast ships)

1
M. =0
ol 2 ik
s N .
"NJk\é ik 2 b 2
M7 =N, — N
al oo ko ik Tk
w=1 T T
1 _ .2 i
o Mie = Nik ~ Nk
{ Qtherwise — 5
MS =0
jk
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¥1) Canal Revenue from Laden NonTankers {I})

2 ) K
U=2 £ % -Z. -U. e (28)
=1 j=1 k=l

12} Canal Revemle from Non-Tankers in Ballast (V)

2 ] K ! : :
V=2 3 B +B, V. e 29
=1 =1 k=1 &K
13) Total Canal Revenue from Non-Tankers (R)
R=U+V ' R 721 11 ) I
where /=1 .... northbound
' 2 .. ..southbound
i i= 1~ I{cargo type)
j :j= | ~ 1 (ship type)
k :k =1~ K (ship size) S
Ty : cargo transit volume through the Suez Canal (in metric tons)
p f; : ship type distribution of cargo typ.e. i
X ][ : cargo volwme carried _by ship type j (in metric tons)
f; : conversion factor from cargo tons to SNT
Y{  :ship volume by typej in SNT),
-q ik : ship size distribution by typej
Z ;rk : laden ship volume by type j and size k (in SNT)
rjk : represcntative ship size (SNT) by type jand size k
N ;k - : laden ship number by type j and size k through the Suez Canal
M ;k : ship nunmibér by typej and size k through the Sucz Canal in ballasi
’ B;k : ship volume by type j and size k through the Suez Canal in ballast (in SNT)
. N ’ : laden ship number of non-fankers through the Suez Canal
M { : ship number of non-tankers through the Suez Canal in ballast
K canal due rate by iype j and size k (3/SNT)
' K canal due rate of lype j and size k {$/SNT)
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CHAPTER 3 CASE STUDY

Using the method 'explained in Chapter 2, a case study has been perfmrhed, to forecast the
fellowing variables for the year 1980.

i) Transit volume {by cargo}
ii) Transit volume (SNT)
iii) Transit volume (Number of ships)
3.1 Forecasted Commodities
The following commodities have been selected for forecast, based on their imporiance to the

canal, and on the availabitity of world trade data.

Table 3.1 Commodity Flow

Crigin and Deslinatioﬁ

Commodity Nerth-bound South-bound
H Iron ore Aus‘tralia > Burope USSR~ Japan

India - Europe

2 Coal Auslralia -» Europe
s s | cu corsaa) Lo
4 C_ement Europe » AG.
5 Fertilizer rEurope | - :::di;;a
_U.S.A._ ran |

6 Steel Burope - Middle Eact

Data related to these commodities are shown in Table 3-2 — 3-3.
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Table 3.2 World Seaboine Teade (Majoz Dry Bulk)

Year | IROOfe ' | Grain - Coal - Bauxite ' | Phosphate | Total Iy, Total
1960 101 a6 | 46 17 8 28 510
1961 98 57 48 17 19 239 600
1962 102 53 53 18 20 246 | 630 |
1963 107 59 64 17 Py 269 670 -
1964 134 71 60 9 2 308 790
1965 152 70 59 21 25 327 810
1966 153 92 61 23 27 356 860
1967 | 164 83 & | 25 TS 367 $90
1968 188 78 3| 2. 32 197 9666 |
1969 214 7 83 0 | 32 430 1034
1970 247 | 89 101 ¥ | n 504 16s
1970 | 250 | 91 94 3 4 3 [ ses | i ]
1972 247 108 96 | 35 38 524 1247
1973 298 | 139 | s | 4 | e 1403
1974 329 130 | 119 42 48 668 1476
1975 292 137 | aw | 4 38 635 1433
1976 | 204 | 146 126 42 a7 646 1555
Table 3.3a Suez Canal Goods Traffic (No rlhbound)
: (by kiloton)
Year ' Cereals an dol'{?cstals 06':;' Total
1960 2611 8257 14,281 28211
1961 3247 7994 14,082 25,323
1962 13,035 6,938 6518 26551
1963 2,303 6317 20513 26463
1964 2,601 6,745 18,456 27,202
1965 2,665 7,116 18574 28,355
1966 1,787 6490 19,173 27450 |
* 1975 109 2,280 9,801 13,171
1976 212 14,200 15,244 2065
1977 1,592 RTY 27,457 41,752

* Traffic inferupted due to mililary conflict
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Table 3.3b Suez Canal Traffic (Southbound)

_ (By kilofon)
Year Cement | Ferlilizers %Ogjl(fc Faﬁ?f:ltseé i [sei:izitiv%s 3(')':)!:;r ' Total
1960 1,131 4002 458 5,644 4,686 10307 | 26228
[ 1961 1,017 4219 | m 4423 3,979 12427 | 26495
1962 1311 3,663 313 3828 | 4758 11,791 | 25664
1963 1,383 4,647 447 4,324 5,996 12,243 29,040
1964 1,760 3,897 237 5,096 8,190 13,202 32,382
1965 1,215 5,168 265 4,727 8,042 14,676 | 34,093
1966 1,407 6,748 605 5,015 9,738 15,259 38,772
1975 816 2,821 75 | 1,743 2,198 | 9,503 17,178
1976 | 4631 5,492 238 3,744 s143 | 22416 | 41664
1977 6035 6,198 331 3,893 4,188 31350 | 51,995

* Traffic interupted due to military conflict

3.2 Other Data

The Canal transit forecast was made for each type of ship, using the ship categories adopted by

the SCA.

Distribution of cargo {ype Pijl, is shown in Table 3.4 {from SCA).

Other necessary data, such as the size distribution of the ship (qjk), and the represenialive ship

size (in SNT) for ship type i and size k (rjk),- ar¢ shown in Table 3.5 — 3.8.
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~ 3.3 Resulis of Case Study

Elilplbying the method explained in Chapter 2 and based upon the assumptions and data shown

i the previous section, the following variables have been fotecast and table 2.

)
2)
RY
4}
5)

6)

Transit Volunic by Cargo and D.irecti()n (Table 3.8)

Volume of Cargo by Ship Type and Direction (Yable 3.9)

Yolume by SNT and Categorized by Ship Type (Table 3.10)

Transii Volumc:. No. of Ships by Ship Type {Table 3.11)

Canal Traflic: SNT by Ship Type and Size (Table 3.12)

Transit Volume: No. of Ships by Ship Type and Size (Table 3.13a, 1)

Table 3.8 Transit Yofume by Cargo and Direction

(Units. 1,000 tons) Year: 1980

Northbound Southbound Total
ton Qre 15,500 o _0 15,500
Coal ' - 0 252 252
Grain 3,500 6,640 10,100
Cement 0 5,370 5,370
Fertilizer 0 5,830 5,830
Steel 0 4,340 4,340
Other 29,300 26,000 55300
Total 48,300 48,400 96,800
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CHAPTER 4 STATISTICAL ANALYSIS OF SHIPPING ARRIVALS

The number of sh:ps amvmg datly at the Suez Canal ean be stausncally analysed to attempt to

fit the asrival pattem to a Po:sson s Distribution (bell cusve). If there is an adequate fit of the
data (o the mathmatical curve, then we can determine the optimum size of the canal, based upon
two variables: the vessel waiting time; and the size limits of an enlarged canal. In a sialistica)
analysis, we seek a Canal capacily which requires a certain percentage of the arriving ships to wait
in a que.

Here is described the accuracy of our comparison of the vessel arrival pattern to a Poisson’s Distsi-
bution. If the comparison is good, then we can find the theoretical refationship between the
Canal capacity and a percentage of the arriving ships which have to wait for a longer time than
usual.

4.1 Arrival Nomber in 1978
The number of ships arriving daily in 1978 are shown in table 4.1. 21,328 ships, an average of

about $8 ships per day, passed through the canal. These numbers are summarized in Table 4.2
and in the histogram of Fig. 5.1.
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Daily arrivals
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Fig. 4.1 Histogram of Daily Arrivals
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4.2 X* Test
The X2 test is used to ascertain i€ obscrved data has a prediciable distribution form, or has a ran-
dom patlem. In this case, the test is made assuming that the number of daily agrivals follows a

Poisson’s Distribution.

Theé value of X2 is expressed by the equation (4.1).

N . N B 2
X? = zx;':gM’_ 4.1)
i=k i=t nPk
where N greatesl number of arrivals in one day
Xk ¢ observed frequency (days) in which the arrival number is k
P theoretical probability thai the arrival number is k
n:  trial number (365 days)

Since we are assuming that the hypothetical distribufion follows a Poisson’s Distribution, the
theoretical probability Pk is expressed by equation (4.2)

Py = Probability (X=k) = %XP '“"!:l] - mk (4.2)

where m is the average number of arrivals per day.
Table 4.3 shows the calculation process of X?.

The days with over 77 and under t‘H arriving vessels are neglected because their X? i is relatively
small compared with total X? = 2]2 X% .

In this process, the valve obfained for X? is 40.57. The value over which X2 falls at 10% is
40.256, and 43.773 at 10%. Then the hypothetical poisson’s distribution is denied with a 10%
risk. The reason for the 10% risk is the fact that there is 10% possibility that X? falls over
40.256 if observed data follow the hypoiheticat distribution.

Normally, we consider a distribution model to be accurate if the risk analysis shows a 5% risk.
In this case, we must attempt to model the data to anothér mathmatical distribution, in hope of
determining a predictable arrival pattern of the vessels using the Suez Canal. Once a reliable

‘pattera is found, we can, on the basis of the mean permissible que, determine the capacity of

the Canal needed for future traffic.
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Table 4.3 Caleulation of the Value of X2

(Sl]:ips) { [is;s) Pk nPk X%
45 3 001118 | 408 | 0286
46 } 00142 518 | 337
47 io | o0177 646 | 1940
48 6 0.0215 785 | 0436
49 8 0.0255 93t | 0.134
50 8 0.03 1095 | 0.795
51 6 0.0342 1248 | 3.365
52 14 0.0384 1402 | 00003
53 I8 0.0423 1544 0.425
54 25 00459 1675 | 4063
55 16 00465 | 1770 | 0ue3
56 i4 00507 185 110
57 12 0.0522 1905 | 261
58 10 {00525 | 1946 ‘| 438
59 19 00518 18.91 0.0004
60 21 0.0506 1847 | 035
61 18 0.0484 1767 | 00062
62 15 0.0456 1664 | 0.162
63 19 0.0423 1544 | o821
64 17 0.0386 1409 | 060t
65 9 00346 | 1263 | 1043
66 12 0.0307 1121 | 0056
67 12 00267 9.75 | 0519
68 13 00229 836 | 2575
69 1 00183 668 - | 2794
70 4 0.0154 562 | o467
71 3 00124 453 | 8517
72 4 co102 | 372 | 0021
23 3 0.080 292 | 0002
4 2 | 0063 230 | 0037

75 4 0050 | 183 | 2573
76 4 0.032 139 | 4.701

X? = Bk X% = 40.565
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PART V

LONG TERM FORECASTING
TANKER TRAFFIC THROUGH THE SUEZ CANAL






CHAPTER 1 INTRODUCTION '

Part V describes the basic syster'n of forecasting the canal tanker traffic volume. - The principal
method of forecast is based on PART V of the Final Report (1978), with two points modified

to improve the system. The first point examines the market condition by using freight levels
instead of shipping costs, when the route costs are available. The other is an improvément of the -
route choice model by inteoducing a multi-niodal choice method, to determing the optimum
proportions of three round trip voyages. In addition to the improvéments in the forecasting
method, the forecast values of Chapter 6 are more tealistic than those in the Final Report, since
the oil trade ftows are based on the agreements of the Tokyo Summit, and the parameters in the
model are determined through observed traffic data. ' SRt
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CHAPTER 2 - FORECAST MKETHOD

The forecasting process described in this report consists of five phases, all interrelated for the
purpose of making long terin forecasts regarding tanker traffic though the Suez (‘anal

These ﬁve phases am:

D

2).

3
4)
5

World Energy and Oil Trade
Route Costs -
* Route Choice :
Tanker Traffic through lhe Canat
Canal Révenue fromy Tankers

L% E

The process relationships between these phases are shown in Fig. 2.1.

These five phases will be described briefly in the next section of this Chapter. In the following
Chapters a detailed description will be given of the forecasting methods and parameters used in
analyzing €ach phase.

3

2)

3

4)

World Energy and Qil Trade

Seaborne oil movements relevant to the Suez Canal are forecast, using two possible methods
of forecasting. One is a conventional method, not relying on computers; the other is a sys-
tematic approach to forecasting oil trade flows, and often requires the use of compuler

models. §1,
Route Costs

Tanker shipping costs may be broken down into two major elements! capitat costs and
operating costs, The choice of routes, the fleets used on these routes, and the size and of
type vessel to be employed is based on tanker shipping costs. In the Final Report (1978),
the shipping costs is defined as the route costs which have to be paid when a vessel takes
a certain route. In this report, freight level, as reflected in the market condition, is used -
as the roufe costs, rather than the shipping cost itself.

Route Choice

This process determines how the tonnage of a given seaborne trade is distributed between
relevant routes. For this purpose, multinominal modat choice models are used, and the route
parameters of the model determines the choice proportions on each relevant route.

Tanker Traffic through the Canal

The results of route choice, fleet mix which is given externally under the assumption that it
is the same as the world fleet mix, and the trade flow gives the traffic volume allocated to the

Canal. The allocated traffic volume is converted to the number of vessels passing through the
canal by using the volume of oil which can be carried on a voyage by a tanker.
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5)

Canal Revenue from Tankers

~Canal transit fees for tankers have been set up as unified rates dé_pending on tanker size, the

rates further depending on the loading condition of the vessel. There_fbré, the number of
tankers passing through the Canal, and their size and load category, is used to calculate the
Canal revenue.
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0Oil trade flow

- per ton of
€argo

Canal charge

[8: (Stom)]

Roule distance -

Q)

Cost estimation
¢quation {3, b)
(by ship size)

Route cost per lon of cargo (¢ = at+bhd)

Route cost per ton of CaIgo
including market condition
MC=(atbd) d + A

Market
parameter

|

" External data

Outputs

Development

phases and Proportion of route choice of

maximum each phase

capable size {possible voyage among C/C, C/S, §/8)

of ship

Fleet mix Tralfic volume via Canal (S/S, CfS)

Representative
size of ship Number of ships passing through the Canal
Loss of DWT .
Canal gue.s per | Revenue by ships passing through the Canal

SNT

Fig. 2.1 Genesal Forecasting Process
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CHAPTER 3 OIL TRADE FLOWS RELEVANT TO THE SUEZ CANAL

3.1 Outline of Forecasts

The trade flow can be represented by five elements: the kind of commodity, the volume of that
commodity, the origin and destination areas, and the time during which a volume of that com-
modity is transported. These are shown in Fig. 3.1.

Commodity

N.W_Eviope

Arabian Guif
Amount million metric tons

Time Period | year 1976 l

Fig. 3.1 Definition of Trade Flow

Because there are numerous places of origin and destinations, it is very important for an ef ficient
study to adequately classify these originfdestination areas.

Origins/Destinations

Origin/destination zoning requires careful consideration of the availability of International Sta-
tistics, the importance of a roufe to the Suez Canal, and the way in which individual ports can be
grouped into an effective single route. It is also important to keep the total number of zones to
a minimuwin for economy in analysis. Table 3.1 shows an example of OfD zoning.

Table 3.1 An Example of O/D Zoning

O/b Area Representative Port

Arabian Guif Ras Tanura

Major Qil {Nosth Africa) {Tripoli) -

Exporling Areas (West Africa) (Nouadhibou)
(Caribbean) {Aruba)
{South East Asia] [Jakarta]
North West Europe Rotterdam
Mediterranean Europe Genoa

Major Oil U.S. East Coast Philadelphia

Importing Asea Gulf of México New Orleans
U.S. West Coast Los Angeles
[Japan] [Yokohama)
{Others) (-)
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The Communist Block is renoved from the table according to the assumption that the Bloc
continues to be sclf-sufficient in oil in the future. Although Japan is a major oil importing area,

. the main roules for oil imports to Japan do net involve the Suez Canal, and thus Japan can be
removed from the table. While Southeast Asia (Indonesia) is one of the major oil exporting arcas,
the main routes for oil exports from this area do not involve the Suez Canal, so Southeast Asia
may be removed as well, -

The North African, West African and Caribbean areas do 1ot relate directly to the Suez Canal,
but they must be taken into consideration when forecasting the oil imports to Europe and to
North America from the Afabi_an Gulf,

Oil trade fows from the Arabian Gulf to Western Europe and North Awmerica in 1985 are fore-

casted here, using the upper limit of the net oil imporis to the major oit importing countries, as
determined at the Tokyo Summit Meeting.

Table 3.2 Agresment of the Tokyo Summit Meeting

(in 10,000 B/D)

Year ) '

1978 1979 1980 1985
Countyy
Japan 1 sa [ sa0 540 630-690
USA. 828 850 850 850
UK. 83 - - 80
W. Germany 231 -- - 280
France . 223 L - — 220
Haly e | - - 10
EC. - 1000 | 950 950

The pattern of oit trade flows in !985 is assumed to be same asin 1977. The oil tradc flows
relevant to the Suez Canatl in 1977 are shown in Table 3.3,
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Table 3.3 Oil Trade Flowsin 1977

(in MM.T)

From To Eﬁﬁpe Meditétrranean . Nonh America
Arabian Gulf 2549 170.5 1548
Near Rast 2.5 1715 0l
North Africa 338 370 68.7
West Africa 82 | 1.9 653
Caribbean 39 1.7 i11.5
South East Asia 07 03 298
Others 42.7 184 88

Total 366.7 2523 439.0

(B.'P. Statistical Review, Feamley & Fgers)

3.2 Forecast Ol Trade Flows feom the Arabian Gulf to Western Europe (1985)

“The following is a prediction of the oil trade flow in 1985, assuming the same pattern as 1977.

1)  Net Imports of Western Europe

(1) E.C.9 countries: 9.5 MB/D
(2) For olher West European countries, the import is sel at 2.4 MB/D, based on the past

trends. .
{3) Western Europe: 11.9 MB/D = 595 M.M.T.

2)  Production of North Sea Oil
Production of the North Sea Qit Field in 1985 is assumed to be 200 million metric tons.

-3} Gross Imporis of Western Europe

Gross Imports of Western Europe in 1985 is forecast using the followmg equahons

A=D+C 3-1)
D=a{A+B) {(3-2)
where

D: 'export:s to other ateas,
a: exporting ratio, assumed to be the same as 1977 (=0.033)
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The solution of A is obtained as follows by solving the above equations.

A=ErB o oagmmr. B

4) Imporisto Norlhwwtem Europe and thc Medlterranean Area :
The imports to Northwestern Europe and to the Mediterranéan Area were based on pasl records:

Import to Northwestern Burope: 369.5 MMM.T. - o ' e
Import to Mediterranean area:  254.3 MM.T. E ' j

5) Import from Middle Near East
The inports to Northwestern Europe and Mediterranean from the M]ddle Near Fast based on the
past records: : '

Imports from Middle Near East
to Northwestern Europe:- 259.4 M.M.T.
Imports from Middle Near East
to Mediterranean Area: 184.4 M.M.T.

-6)  Seaborne Oil Trade Flows
The seaborne oil trade flows were calcutated assummg pzpelme flows in 1985 to be 5% for North-
western Europe and 20% for the Mediferrancan Area.
Arabian Gulf to Northwestern Furope:  246.4 MM.T. B 3
Arabian Gulf to Meditersanean Area: £47.5 MAMLT. A
3.3 Oil Trade Flow from the Arabian Guif to the East Coast of No’rtﬁﬁgneric@'in 1985

1Y Imports to North America {(U.8.A. and Canada)

lmport to U.S.A. 8,500,000 B/D
Import to Canada: . 7 600,000 B/D §
Total ‘ ' 9,500,000 = 455 M.M.T.

2) Imports to East Coast of North America
The imporls to the East Coast of North America was based on past rccords

Import to the E__astl'(_?oast o
of North America: 424.1 MM.T. ' ' 3

“3) Import from the Arabian Gulf
The imports to the East Coast of North America from the Arabian Gulf was based on past

records.

Import to East Coast of Noith Amesica:  160.3 MM.T.
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CHAPTER 4 ROUTE COSTS

4.1 Intreduction of Freight Market

The method in the Final Report (1978) uses Shipping Costs as the main factor in choosing
shipping moveéments belween relevant voyage routes.

In this report, however, the concept of freight rate is introduced as a consideration of the actual
decisions of a shipping sérvice. It is more probable that vessels are allocated by their opportunity

- cost, rather than their shipping costs. In this case, opportunity costs mean the freight revenues

lost through the vessel allocation to a particular route. . .

While shipping cost is the criterion to judge whether or not a freight rate is high enough to
manage the services, opportunity cost (as expressed by freight revenue) is the criterion to judge
whether ar not the decided route allocation brings more profits than others.

‘Empirically, freight rates fluctuate around a vessel’s shipping costs, according to the conditions

of the shipping market. In the next section, the components of shipping costs and their conver-
sion into the costs per cargo ton are reviewed.

4,2 Components of Shipping Costs

Shipping costs include capxtal costs and operation costs with the iauer divided into two cate-
gories, management and navigation costs. Capital costs are the costs for the purchase of ships

and their depreciation. Management costs are for the maintenance of the organization providing
the transportation service and navigation costs are the direct costs for the voyage itself. The com-

position of costs ment_loned above, and their detailed components, are shown in Fig. 4.1.

4.3 Deduction of Shipping Costs per Cargo Ton

In the Final Repmt {1978), annual costs and annual carrying cargo volume are used to obtain the
shipping costs per cargo ton. In this regort, shipping cost per cargo ton is defined as the neces-
sary costs in a voyage divided by the cargo volume carsried in the voyage, because it brings the
same result, and its deduction is simpler than that of the Final Report.

Suppose that the one-way distance of a voyage is d miles and the vessel moves at the speed Sl
mile/h on a forward voyage and 82 milefh on a retuin voyage.

Then it takes [( -Sd—l ]days for the voyage.

2 24

It is cohvenien_t to oblain the costs per day of a vessel according to the working conditions. When
a vessel moves, it costs (using the same concept as in section 4.2):

(1+Ey Pr- (Rd+R,+R,-)+(C, +M;+tAg+Lpt Rp)
Da

« B, .1

~ 131 -



_ Depreciation Cost - (I'+E) ®x Prx Rd
|—Capilal Costs —E Interest O {(1+EB) xPrxRr

Insurance {1 +E) xPrxRi
- Crew Expenses G
o , — Miscellaneous _ Mr
Shipping Management Costs+— Administration Costs  Ad
Costs " | Lubrication Costs Lb

—Opcration Costs ~+ “—Maintenance Costs Rp

.~ Bunkei Conswmption Charge BIxPb, B2xPb
Navigation Costs —}- Port Charges (including canat charge) Pc
— Loading and Unloading charge Tt, To

E:  Fitting out 'E_x_p:ense rate (%); Pr: Contract Price {$/Ship): Rd: Depreciation Rate;
Rr: Interest Rate; Ri: Insurance Rate; Pb: Bunker Oil Price ($/ton);
Bl and B2: Bunker Oif Consumption During Voyage and at Anchor

Fig. 4.1 Composition of Costs
per day. When a vessel is at anchor only the bunker consumption rate is different: then the
cost is:

(1+E) -Pr-(Rg + Rj+ R)+ (C, + Mg+ Ay + L, + R)
Da

+ PB- B, (4.2)

iti is probabtc that Bl is lower than BZ but port charge and loadmg}’un!oadlrg costs are aélded to
the daily costs when the vessel is in a port. Notmg that moving days are [( oy 31 + §5 ) >4 and
days at anchor are (Dt + Do), the shipping costs per cargo ton C is expressed by a linear function

of voyage distance d (one day).’

c=a+bd ' o 7 . (4.3)
Pr.stCriMs+tAd+Lb+ '
[( r-s+Cr+Ms Ad Lb Rp) (Dt+Do) +Bz .Pb- {Dt+D0)+Tt+T0 ][) IR.  (@44)
Da o
(Pr-stCriMs+Ad+LB+Rp) | } N
= R + . —_— —— —
b [ Da By-Pb (s.+s,)24 DwR “@.5)

where d:  distance (mile)
a, b: coefficients
s: (I +E){Rd +Ri+Rr)

— 132 -



; . 3[EYS PHOM PUE SIISURIY §,30TA Uam3og drysuonepy Tt 31

66l 8L61 LL61 9L61

fAVYVANAANOSY [ TWYWSHAT|ANOSY [ TWHYWII|ANOSY (T WYRAT

¥ Al T T T T T Y T Y T T T T

St . : N\ . . st

UM

LISNYYL 5007A 40 'ON
¥ ALV TVISATION

133 —




4.4 Freight Market ' ' ;

The freight market has a strong effect on the routing allocation of vessels, Fig. 4.2 shows the

world historical data, and VLCC routes after reopening of Suez Canal in 1975, The {wo kinds of

index show almost the samic tendencics and it can be seen that the freight market has a clear con-

nection Mth the use of the Suez Canal route. The reason for this relationship is shown in Fig.

4.3. The amount of money saved by using the canal changes according to the freight rate,

because it is defined as the product of the saved time and the freight rate. Therefore, an increase

in the f{eight'fate brings a greater Suez routes. To express this ficight rate, it is convenient to 3.
adopt the World Scale Ratio system. 3*‘

The World Scale Ratio is an index expressing the markét condition by a percentage of the freight
rale, based on the shipping costs of a 19,500 DWT tanker. Using the World Scale Ratio Syslem,
the freight rate can be approximated by the fluctuating level of the shipping cost per cargo ton.
Then

MC=la+{bxd)lx«a ‘ (4.6)

where, MC is the freight rate, a and b are parameters of shipping .'cost, and « is a market condi-
lion parameter.

In this formula, whena = 1.0, MC={a+(bx d}}, and the freight level just covers the shipping
costs. Thus, if the size of a given vessel is 19,500 DWT, a is equal to the W.S. ratio.

Time saving o] Money saving =1 Choice for Sucz

Freight level (W.5.) I P —

Fig.4.3 The Effect of Freight Level on the Suez Traffic
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' CHAPTER 5 ROUTE CHOICE MODEL

'5.1 Multinominal Modal Choice Model

The route Choice Model detesntines the proportion of traffic using the Suez Canal. The Final
Report (1978) used a method based on the proportlonmg of routes for one-way voyages, where
thé decision belwéen two round- tnp toutes is made on the baSiS ol‘ the cmnpome routings of the
one-way voyages.

In this report, to more realistically determine the route proportioning of round-irip voyages in
one step, a multinominal choice model is introduced, with the possibility of more than two
paths considered.

5.2 Previous Method

According to the previous method in the Final Reporl, there are two steps for deciding the
proporuonmg of routes for round-trip voyages. First, we must decide on the proportion of
one-way routes without Canal Regulations. Then we choose the proportioning of the routes
for round-trip voyages with respect to the Canal regulations, by combining the one-way voyage
proportions. The routing composition is shown in Table 5.1.

Table 5.1 Proportioning of Roufes for Round-trip Voyages
by Combined Qne-way Voyags

: Capability One-way Choice Round Choice
Case - Alternatives ,
Laden | Ballasl nPs nPc sPs sPe{C/C C/S S§/S
1.1 X X c/C c 10 o 10/10 0 ©
[ X 0 Cjc, Cis 0 10 sPs* sPc*| sPc sPs 00
sPs
m o} 0 C/C, CfS, 8/S | nPs* nPe* sPs  sPc ] sPe ';’ nPs
. nPs

* mPn: denotes the choice proportion for N-th route in the M-th direction (North or
South), when two roules (via Suez or via Cape) are given

For one-way prop_ortioriing of routes, a probabilisiic model based on the disl_ributed“differeﬁce
of shipping costs is used (see Final Report, p. 142-143; freight costs have been used instead of
shipping costs). This model is determined in the following way:

"1} If a tanker cannot pass through the Suez Canal either in laden or in béllasl, it takes the

round-trip voyage CIC.

2y Ifa lanker can pass through the Suez Canal only in ballast, it may choose either voyage C/S
or C/C.
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In this case, the proportioning of in-ballast traffic belween these two routes —— Cape: 15 (),
Suez: g (8) ——is made wnthou! respect to Suez Canal regulat:ons

3) If the tanker can pass through the Suez Canal both in-faden and in-ballast, then we assume
that the tankers using the Suez Canal for northbound trips (rp, (S)) will also return in-ballast via
the Canal (rg (S) ). Thus, in thls case S/S equa]s (ri, (S))equals (g (S)).

The proporhon of voyages usmg the Suez Canal in somhbound teips wnlhout n,gulallons {1g (8))
includes vayages C/S and SfS. For this reason, we can obtain the proportlon of voyages using
/S by subtracting the proportion using S/S from the proportion using the Suez Canal on south-
bound trips. The remainder is the proportion of vessels using the C/C voyage.

5.3 Multinominal Route Choice

To eliminate the difficulty in combining the one-way proportion of traffic to determine the
round-trip voyage proporlions, the multinominal toute choice model was developed. 1t is ex-
plained in this report.

The basic concept of the multinominal route choice madel is applied in the field of transporta-
tion planning as a “modal choice” model for choosing one transport mode from antong many.
The modat choice maodel generally is expressed as follows:

1=§0C,,C ..., Ci‘-"','ZC“) ._ ‘ . L (5.1)

where 1 is the probability that i-th mode is chosen -and 'Ci répn,sents the total costs or disutilities
when i-th mode is used. An exampte of items composing total costs or dhsuhhty is shown in
Table 5.2.

In this modat choice function rj, it is useful to note the following about this modal choice func-
tion ri.

afi

20i (direct effect) _ : (5.2)
afi . | | |

Fte ° (indirect or ¢ross effect) - : 3 - (5.3)

afi . iy . - . . .
where ci 1 the marginal increase of fi following the marginal increase of Cj, while ofher items
remain constant.

Due to the direct and indirect effects, the proportion of voyages choosing 1he i-th niode decreascs
when the cost with i-th mode, such'as the trip time, increases. Furthermore, a decredse in the
cost of using another mode will resuft in the decre'use of the proportlon aof voyages choosmg the
i-th mode. : - - - :

The form of the function rj #aries, and is based on the charactaristics of the costs or disutilities
Ci, the theoretical background of the function, and s0 on. There ate two types of funciions
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Table 5.2 Hems of Transpoitation Costs (General Case)

Time

total trip time

1¢liabilily (variance in trip time)
time spent at transfer points
frequency of service

schedule times

Cost to user _

direct transportation changes such as fares, tolls, fuel, and parking

other direct operating costs such as loading and documentation

indirect costs such as the cost of acquiring, maintaining, and insuring an automobile or, for
freight, warehousing, interest, and insusance

Safety

probability of fatality or of destruction of cargo

probability of accident of any sort

probability distribulion of accident {ypes (shock vibration, wates damage, and 30 on)
perceived security

Comfost and convenience for user

walking distance _

number of vehicle changes requiied _ _

physical comfort (temperature, humidity, cleanliness, ride qualily, exposure to weather)
psychological comfort {status, privacy) _

other amenities (baggage handling, tickeling, beverage and food service)

enjoyment of trip

aesthelic experiences

Shipper services
division and reconsignment privileges
insurance

which are often used, the Logit and the Resistance Models.

(1) Logit Model
It is assumed that the disutility {or cost) TCm is composed of two parts, a deterministic part

Cm= 2Wi S;i (5.4)
and a random part E:

TC=Cm+E=2WiSni+E (5.9
I it is assumied that the mode with the feast costs (the k-th mode) is rahdom!y chosen, as if
often the case, the probabitily of chosing this k-th mode is denoted by 1, and is expressed by
the equation:

rk = prob (TCkx < TCj, j#k) (5.6)

In addition, if we assume that the probabitity distribution of E has a Weibull Distribution, then
the following results are obtained:
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¢ Ck.

eCl %ccﬁ R

k= (5.7

Cm

To obtain 1k, the Cin’s must be calculated using Wi’s from Equation 5.5, With these calcwdated

values, a theoretical rg (equation) will be generated, which fits the obsesved data. Under the

assumption that E is normally distributed, the mode! is called a Probit model. This was the

method used in the Final Report, to establish the proportioning of routes between 'ond-way

voyages. Though the Probit mode! also is used widely, it is a specialized mecthod, utilizing

binominal choice. ' _ : o ;i’

(2) Resistance Mode) _ o
Aunother form of the multinominal model is called the Resisiance modél, and is expressed by the
following equation: :

= SIS VLI O (5.8)

)Pt +cH . (Cu)fm

Empirically, this model has a good fit, although the distribution of E cannot be expressed ex-
plicitly. For this reason, the W;sin C,,, and B;s (!quations 5.4 and 5.8) has to be estimated by
using observed 1y values. In many cases, assumptions can be made about the ratio belween Ws

or B;s and these paramcters, to simplify the model. For exalpi)le, in the forecasi which is discussed
in the Chapter 6, W; ... W, = 1.0and B, =....= B areassumed.
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CHAPTER 6 FORECAST OF TANKER TRANSIT

In this chapter, actual forecasling process is explained using the developed methodology. The
target year is 1985.

6.1 Oil Trade Flow

From the 1985 forecast mentioned in Chapter 3, the oil trade flow for three relevant origin/
destinalions (O/D) are determined, as shown in Table 6.1.

Table 6.1 Oil Trade Flowin 1985

{M.M.T)
Arabian Guli' — North-westemn Europe 2464
Arabian Guil — Mediterranean Sea 147.5
Arabian Gulf — US.A. 1603

6.2 Route Cosis

As explained in Chapter 4, the freight level is an important consideration te the route choiéé and
is expressed as follows.

Freight level = a x (shipping costs) (6.1)

Since shipping costs are the same as those in the Final Repori, Table 6.2 shows ffeight levels
already multiplied with market parameters. {a=0.3, 0.5, 1.2)

‘The relevant routes are $/8 {via Suez in both directions), CJS (via Cape outbound and via Suez

retusn) and C/C {via Cape in both directions). The route costs for C/S and S/8 include the
corresponding canal tariffs.
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6.3 Proportions of Roule

The proportion of traffic on each route is decided using the Resistance Model, as mentioned in
Chaptes 5.

The actual form of the Resistance Model is expressed by the following equation: . .. ..
. (C (8/8)¥
s5/8 e S 6.2 A
F OIS C ISP C (IO 1 (C (TN @) 4
I () (o) L
1)~ (C ISP (C [CI0IF +(C (CONP ©3
. (ciens - - :
C/C S .
e (€ GINFH(C (/O +E (€I (¢4
where r (S/S) £ (C/8), and r (C/C), are the proportions of [faﬂlC for §/8, C/8 aud C/C voyages
and C (5/8), C (C/8), C{C/C) are the route costs already obtained in 6.2.
Compared with the general form of Equation 5.8, the value Cm = EWjS;nj rcpresents only the
route cost. When Wi = 1.0, then Smi = C {m), where nmi is onc of the voyages CfC, C/S, §8/S.
Furthermorg, it is assumed that 8,=8,=8;=p. Value g must be chosen for its fit with the observed
traffic proportion data. In this report, g = 20.0 is used, since it fits well with the togal Suez
transits in 1972, The results of the calculations for tanker traffic proportioning are shiown in 3$

Table 6.3.
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Table 6.2 Route Costs Based on 'Fréig'ht Market

Sire AG.-NE, AG.-M AG.-USA.
(tooobwn | " g5 fois [ce | sis | asTee | sis | s | cre
0 03 | 796 | 852§ 932 632 | 252 897| 911} 924 | 9s0
| 05 | 1182 | 13.56 [ 1554 | 908 | 11.89 | 1895 | 13724 | 14.76 | 16.04
60 12 | 2532 {3119 | 3720 | 1874 | 27.19 | 3587 | 2094 | 34.06 | 3842
60 03 | 306 | 473 | 462 a26| 424 445| se3| sosi 47
| 05 | 699 | 723 771} 565| 642 7421 794 | 7282 7194
150 12 | 1324 | 1600 | 1850 | 10.52 | 14.04 | 17.80 | 1601 | 17.241 | 19.05
150 03 1 419 | 359 322 363] 325| 3.10| 4s0| 383 332
I 05 | 554 s34} $37] ae1| a77| sa17| 620 575 ss3
250 1.2 | 1026 | 1146 | 1289 { 803 | 1010 1241 | 1083 | 12.43 | 1327
250 03 | 390 325 | 275| 343| 292| 265 424] 342| 283
| 05 | 506 | 470 4s59| 427| 422) 441 s61| so0s! 472
300 t2 | 90| 993{ 1noo| 720 878 1060 | 1043 | 1076 | 11.33
300 03 | 382 320 262| 337| 283| 252| 414 330 270
i 05 | 492 | 453 | 436 47| 407| 420] sas| as5| 449
350 12 | 877 ) 9511047 ] 697 | 841| 1008 | 1001 | 1029 | 10.78
350 03 { 370 | 294 242 329| 260 233] 399 | 312| 249
i 05 | 472| 426 | 403| 404 384) 388) s21| 456 415
400 12 | 830 887 | 967] 664| 78| 932| 946 ] 959 | 996
400 03 | 38| 298| 222 321| 255| 214 384| 295] 228
05 | 452 399] 370] 390| 361! 356 496 427| 3.8
12§ 7182 823| sss| 631| 731| sss| ss7| sso]| ¢u3

*a is the parameter reflecting the market condition
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Table 6.3 (1) Tanker Tralfic Proportioning for Relevant Routes

. Pl Pli2 Pl

o/ . Size a«t - i N -4
{1,000 DWT) sis | as e | sis | es | e | osis | oas | e
0 03 1077 02| 003 | 077} 020|003 | 077 | 020 | 003
| 05 ] 694} 006 | 000 | 094 | 006 | 000 | 094 | 006 | 0.00
60 1.2 | 098 { 002 | 000 | 098 { 002 ) 000 | 098 | 002 | 0.00
60 03 | 000 0395 | 061 | 009 | 036 | 035 | om 036 | 055
| ¢5 | 000 078 ] 022 | 060 { 031 | 009 | 060 | 031 | 009
150 12 { 000 | 095 { 005} 0951 005 | 000 | 095 | 005 | 000
150 03 | 000 | oo 090 | 0.00 | 0.10 | 690 { 000 | 0.10 | 089
| 05 | 000 | 953 | 047 | 000 | 053 | 047 {- 020 | 042 | 038
250 12 | 000 | 091 [ 009 | 000 | 091 | 009 | 089 | 0.10 | 001
AG. 250 03 [ 000 | 000 ] 100 [ 000 | 004 | 096 | 000 | 004 | oug
| { 05 [ 000 | 000 | 100 | 000 | 038 062 | 000 | 038 | 062
N.E. 300 12 1 000 | 000 { 100 | 000 | 089 | 0.11 | 000 | 089 | 0.1l
300 03 1 000 | 000 | 1.00 | 000 | 000 | 100 | 000 002 | 098
| 05 ] 000 | 000 | $00 | 00O } 000 | 100 | 0.00 | 035 | 067
350 1.2 § 0600 | 000 | 1.00 | 000 | 000 | t0O | 000 [ 037 | 0.13
350 03 | 000} 000 160 | 000 | 000 | 1.00 | 000 | 0.02 | 098
I 05 | 600 | 000 | 100 | 000 | 000 | 100 | 000 | 025 | 075
400 1.2 | 000 { 000 | 1.00 000 { 000 | 1.00 | 000 | 085 | 0.15
400 03 | 000 | 000 | 100 | 000 | 0.00 [ 1.00 | 0.00 | 0.00 | t.0O
05 | 000 | 000 | t00 | 000 [ 000 | 1.00 { 0.00 | 000 | L0O
1.2 | 000 | 000 | 100 [ 000 | 000 | 100 | 000 | 000 | 1.00

¥« is a parameter reflecting the market condition.

~ 142 —



%

b

i
‘;';:v o

Table 6.3 (2) Tanker Traffic Proportions for Relevan( Routes

Size _ PHI PH2 PH3
o1 ooopwny| «* ‘ P

a, sis | s | el sis | s | ce | sis | ocs | cie

0 03 | 097 | 003 | 000 | 097 | 003 | 000 | 097 | 003 | 0.00

I 0s | 1001 000 | 000 | 100 | 000 | 000 | 1.00 | 000 | 0.00

60 12 ] 100 ] 000 | 000 | 100} 000 | 000 | 100 | 000 | 000

60 03| 000 | 073 | 027 | 040 | 044 | 0.16 | 040 | 044 | 0.6

| 05| ooo | 095 005 | 092 | 007 | 000 | 092 | 007 | 000

150 12| 000 ] 099 | oo01.| 200 | 000 | 000 | 100 | 000 | 0.00

150 03| 000 | 028 | 072 | 600 | 028 | 072 | 003 | 027 | 0.70

| 05| 000 | 083 | 0.17 | 000 | 083 | 07 { 062 | 031 | 006

250 12 ] 000 | 098 | 002 | 000 | 098 | 6062 | 099 | 001 | 600

AG. 250 03] 000 | 000 | 100! 000 | 012 | 088 | 000 | 042 | 088

} i 05 ooo | 000 | 100} 000 | 071 | 029 | 000 | 673 | 0.29

M. 300 121 000 000 | 100 | 000 | 098 | 002 | 000 { 098 | 0.02

300 03 | 000 | 000 [ 1.00 | 000 | 0.00 | 100 | 000 | 009 | 091

[ 0.5 | 000 | 0.00 | LOO | 000 | 000 | 1.0 | 000 [ 065 | 035

350 1.2 | 000 | 600 { 1.00 | 000 | 000 | 1.00 | 000 | 097 | 003

350 03| 000 | 000 [ 100 | 000 | 000 | 1.00 | 000 [ 005 | 095

I 05 |-000 | coo | 100 000 | 000 | 100 | 0.00 | 055 | 045

400 1.2 | 000 | 000 | 100 | 000 [ 000 [ 100 | 000 | 097 | 0.03

03 L 000 | 000 ] 100 | ooo | 000 ] 100 | 000 | 000 | 1.00

400 05|l oco|l ooo ] 100 000 000! 100 | 000 | 000 | 1.00

12| o060 | coo | 100 | 000 | 000 | 1.00 | 000 { 0.00 | 1.00

¥ o is a parameter reflecling the market condition.
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Table 6.3 (3) Tanker Fraffic Propottions for Relevant Routes

. Si‘ze. PH PH2 PH3
O G00pwry| ¢F T " 3 -
G, sis s o | sis [os {cie|sis | as | occ
0 | 03| 047 | 036 | 017 {0472 | 036 | 0.17 | 047 | 036 | 0.17
! 051078 | 019 {004 | 078 | 0.19 | 004 | 078 | 0.19 | 0.04
60 1.2 | 092 | 007 | 001 | 092 | 007 { 001 .| 092 | 007 | 0.00
' : = — 8
60 03} 000 j 022 { 078 | 003 | 021 | 076 | 003 [ 021 | 075 "{i’
| 05 :0.00 057 | 043 | 030 | 040 | 030 { 030 | 040 | 030
150 [ 12] 000 | 08 | 014 | 082 | 015 | 003 | 082 | 015 | 0.03
150 02 ] 000 | 005 { 095 { 000 [ 005 [ 095 ' 000 | 005 | 095
| 05| 000 | 032 | 068 | 000 { 032 | 068 | 007 | 030 | 064
250 12 1 006 | 079 | 021 | 000 | 079 ] 021 | 068 | 025 | 007
AG. 250 03| 000 | 000 [ 100 | 000 | 002 | 098 | 000 | 002 | 098
| i 0.5 § 000 | 000 | 1.00 | 000 | 021 [ 079 | 000 | 021 | 0.79
USA 300 12 | 000 | 000 | 1.00 | 000 | 074 | 0.26 | 000 | 074 | 0.26
300 03 { 000 | 000 | 100 [ 000 | 00O | 1.00 { 000 | 002 | 098
i 05| 000 { 000 [ 100 | 000 { 000 | 100 | 000 | 018 | 082
350 12} 000 | 000 {100 | 000 | 600 § 1.00 | 0.00 | 072 | 0.28
150 63| 000 | 000 | 100 | 000 | 000 | 1.00 | 000 | 001 | 099
] 051 000 | 600 ! 100 {000 | 000 | 1.00 | 000 | 013 | 0.87 :I
400 1.2 | 000 | 000 | 100 | 000 | 000 | 100 | 000 | 068 | 032 =
03| 000 | 000 | 100 | 000 | 000 } 100 | 0.00 | 000 | 1.00
400 05| 000 1 000 | 100 | 000 | 000 [ 100 | 000 | 000 | 1.00
: .2 000 | 000 | 100 [ 000 | 000 | 1.00 | 000 | 600 | 1.00

*a is a pazameter reflecting the market condition.

6.4 Traftic Velue on Each Route

The traffic volume is obtained by the following equaltions:

Vk (S/8) = TRADE x fi x 1 (S/S) (6.5)
Vi (C/C) = TRADYE x [k x r (C/S) (6.6)

| ¢ 5
Vi (C/C) = TRADE x Ty x r (C/C) 6.7) '

where Vi (m) is the traffic volume allocated to the k-ih size of tanker on m-th route and f is
the fleet mix (tonnage share) of k-th size of tanker. The resulis of the tzaffic volume on each
roufe are shown in Table 6.4.
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Table 6.4 (1) Traffic Volume on Fach Routé (m Tons)

i"’:r:::“"’f

_ Size PHI1 PH2 : PH3
O {1 000wy | «° o e s | ¢ -‘

(. s;s bes | e 'sis | as |ee | sis | es | o

o |o3| 27 Loz ]| o1 | 27| 07| o1 27 ] o7 o1

i 0s| 32 [ 02| 00| 32| 02| 00| 32| 02| o0

60 12| 34 01 | 00| 34 | o1 00 | 34 | 01 0.0

60 03| 00 | 45 )] 720 | 10| 41t | 64 | 10 | 41 | 64

! 05| 00 90 | 25} 20| 36 | 1064 10| 36| 10

150 12| o0 | 110 | 06 | 110 | 05 00 | 115 0s | 00

150 o3| 00 | 86 |75 | 00 | 86 | 745 | 04 | 85 | 4.

! 05| 00 ]440 [ 300 | 00 | 440 | 390 | 166 | 352 | 312

- 250 12| 00 {758 | 722 | 00 | 758 | 72 | 7401 | 82 | 08

AG. 250 03| 00 00 |96 | 00 | 42 | 924 | 00 | 42 | 924

I | {0s]| 00 | 00 |96 | 00 | 362 604 ; 00 | 362 | 604

N.E. 300 |12| 00 | 00 |96 | 00 | 855 | 110 § 00 | 855 | 110

300 03] 00 00 | 212 ] 60 | 00 | 212 | 00 | 07 | 205

| 05| 00 | 00 | 212 00 00 | 212 | 00 | 69 | 143

350 1.2 | 00 00 | 212 ] 00 | 00 |212 | 00 [185 | 27

350 03| 00 00 | 158 | 00 | oo | 158 | 00 | 03 155

I los]| oo 00 158 | 00 | 0o |58 [ 00 | 39 | N8

400 12| o0 00 158 | 00 | 00 |'158 | 00 | 134 | 23

03} 00 | 00| 148 | oo | 00 | 148 | 00 | 00 | 148

400 05 | 00 00 | 148 006 00 | 1438 0.0 00 [ 1438

12| 00 00 | 148 | 00 | 00 | 148 { 00 | 00 | 148

* ¢ is a parametes reﬂecﬁng the market condition
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Table 6.4 (2} Traffic Yolume on Each Route (a2 Tons)

o/D

AG.

M.

Size . PHI P2 PH3
1] b - B R S o -
(1,000 DWT) S8 Cls CiC s/s Cfs cjC 5/8 C/S cfC
0 03 ) i85 06| 00| 85| o061 o0} 185 06| 00
O 05 | 189 o1 ] o0 | 189 | 01| o0 |189 | 01 0.0
60 1211901 00} 00} 150 ] 00} 0D | 130 | 00 | 00
60 03| 00/ 287 | 107 156 | 173 | 65 | 156 | 173 6.5
i 0.5 00 | 373 2.1 | 364 29 | 02} 364 29 | 0.2
150 121 00l 30| 03 ) 393 01| 001393} 01 0.0
150 03 0o |.113 |290] 006 ) 113 | 290 12 | 110 | 281
o 051 00} 335 68 00 | 335 63 | 251 | 126 26
250 121 oo0f 96| 06t 00396 061 399 | o4 0.0
250 03 00| 00 {372 | 00 46 | 326 | 00| 46 | 326
i Q.5 a0 00 | 372 00 ! 263 | 109 a0 | 263 109
300 121 90| 00} 372 00 | 363 08| 00| 363 | 08
30 o030 ool ool 49| o0l oo 49! ool o4 | 44
} 0.5 0.0 00| 459 00) 001§ 49| 00 3.2 1.7
350 12| 00 00 | 4.9 00| 00| 49 00| 47 0.1
- 350 03]. 00! 00| 35] oo] 00| 35| o00i{.02] 34
{ .05 | 00 co | 35 60 | 00 351 .00 2.0 1.6
400 ) 00| ©o0|.35 00| 00| 35 00 | 34 0.1
- 03 ].00]- 001 32 00 |- 00 32| o0 00| 32
400 0s| o0 |: 001} 32 0o 00 32|00 00| 32
: 1.2 co| oo 32| 00| 00| 32} o0 | 00| 32

* o is a parameter reffecting the market condition.
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Table 6.4 (3) Traffi¢ Volume on Each Route {m Tons)

Size PHI PHZ PH3
0D | 000pwr)| ¢ * -

Q, ) sis | cis|cre | sis|es || ss|ocs|oce
0 03| 22§ 17| o8| 22| 17| 08| 22] 17| os
; 0os| 36 00| 02| 36| 09| 02| 36| 09| 02
60 12| 43 03| 00| 43| 03| 00 ] 43| 03| 00
60 03| oo ss | 197 | 01| s3|192] 07| 53| 192
I 05| 00 | s | w2 | 725|101 | 725{ 25| 1011 25
- 150 12 00 [ 216 36| 207 | 39| 06 ] 207 | 39| 0s
150 03] 00 26 | 468 | 00| 26| 468 | 01 | 26 | 467
i 5] 00 | 157! 337 | oo | 157 | 3372 | 32 | 147 | 3ts
250 t2] oo | 388} 105 ]| 00| 388 | 1051 336 | 124 | 34
AG. 250 03| oo 00 | 52.1 0.0 12 | 5091 00| 12| 509
| | 05| 00 00 | 521 60 | 108 | 413 00 | 108 | 413
USA 300 1.2 | o0 00 | 521 60 | 383 | 13.7 00 | 383 | 13.7
300 03| oo | oo 119 | 60| 00| 119} 00| 02 ] 117
1. - ]035] oo 00 | 119 | 60| 00| 119} 00| 21| 98
350 12} oo | oo{ 19| oo oo 119 00| 85| 34
350 03] 00 00| 91| 00| oo] 91| 00| 01| 90
i 05| 0o | 00| 9t| eo| o0} 91} 00| 12| 79
400 12| oo | o0)] 91| 06| 00| 91| 00| 62| 29
03] 06 | 00| 80) 00| co| 80| 00| 00| 80
400 os|] oo | o0o)| 80| 00} 00| 80| 00| 08| 80
12| oo | oo| 80| 00| 00| 80| 00| 00| 8O

*a isa parameter reflecting the miarket condition.

6.5 Number of Voyages on Each Route

The number of voyages necessary to carry the traffic volume calculated in 6.4 is given by the
following equations:

Nk (m) = Vi (m} { Cx (6.8)
where Ck =Lk« (DWT)k ' ' (6.9)
Ng (in) is the number of voyages per year by k-th size of tanker on m-th route, and Cx is an
average volume carried by k-th size of tanker. Ck is the product of the load factor L and the
representing DWT of the tanker size. In this report, Li = 0.9, and the representing DWT are
shown in Table 6.5,

The results of the calculation of the number of voyages are shown in Table 6.5.
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Table 6.5 (1) Number of Voyages on Each Route

0o/D

Size L, P " PH2 PH3
Y @ - D : B I
{1,000 DWT) S/s cJs c/C s/s c/s c/C S/s C/s c/C
0 0.3 985 | 25.1 42 1 985 | 25.1 421 985 | 25.1 4.2
1 05 | 1196 16 05 [1196 7.6 1 05 | 1196 7.6 0.5
60 1.2 1 1258 19 0.1 {1258 19 0.1 | 1258 19 0.1
60 - 03 00 | 481 | 744 | 11.0 | 438 678 | 1o | 438 | 678
| 0.5 00 | 957 | 268 | 7140 | 378 | 106 | 740 | 378 | 106
150 1.2 00 |116.2 64 |116.7 56 03 | 116.7 56 03
150 03 00 | 414 |3598 ] 04 | 414 | 3598 1.8 | 412 | 3581
| 0.5 00 }2125 | 1886 00 | 2125 § 1836 | 803 | 1700 | 1509
250 1.2 00 (3664 | 348 00 {3664 | 348 | 3579 | 350 3.7
250 03 00 a0 [3903 00 | 17.1 | 373.1 00 | 171 | 3731
i 05 0.0 0.0 3903 00 | 1464 | 2439 00 | 1464 | 2439
300 1.2 0.0 00 3903 0.0 | 3456 | 446 00 | 3456 | 444
300 0.3 00 00 | 724 0.0 00} 724 00| 24 701
i 0.5 00 | 00| 724 0.0 o0 | 7124 00 | 236 { 489
350 1.2 0.0 00 | 724 0.0 00| 724 00 | 633 9.1
350 03 00 | 00 | 487 0.0 00 | 487 00| 09| 471
| 05 0.0 00 | 487 0.0 00 | 487 00 | 121 ]| 365
400 1.2 00 00| 487 o0 00 | 487 00 | 414 1.2
0.3 0.0 00| 313 0.0 00 373 00 00| 373
400 0.5 o | o0 | 323 00 00| 313 00 00 | 313
12 00 [ 00! 373 0.0 00} 373 00| oo 373

*a is 2 parameter reflecting the market conditions.
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Table 6.5 (2) Number of Voyages on Each Route

Wy

Size _ PHI PH2 PH3
O/D 1 1, 000 DWD)| «* ' o -
, SIS | Cis | cic | 88| CisS|cCicysisS|cs)cie
0 03 | 6835 | 206 06| 6835] 206| 06 |683.5] 206 06
| 65 17015 | 32 00 | 7015 32 0.0 | 701.5 3.2 0.0
60 1.2 | 7043 04 00 | 704.3 04 0.0 | 704.3 0.4 0.0
60 03 00| 3034 | 1134 | 1650|1832 | 685 | 1650 1832 ] €85
i 05 00| 3950 | 21.7| 3848 303 1.7 | 3848 | 303 ;
150 1.2 0014132 364154 13| 004154 13| 00
150 03 00| s46 | 1399 00| 546 [ 1399 56| 53.1 | 1358
I 0.5 00 | 161.7 ] 328 00| 161.7 | 328 | 1211 { 161.7 | 328
250 12 00 | 1914 3.1 00| 1914 3.1 1 1925 2.0 0.0
AG. 250 03 0.0 00 | 1502 00| 186 | 116 60 18611316
} | 03 00 00 | 150.2 00| 1063 | 439 0.0 | 1063 | 439
M. 300 1.2 0.0 0.0 | 1502 0.0 | 146.2 34 00 | 146.7 34
300 03 0.0 00| 166 0.0 00| 166 0.0 15| 151
I 0.5 0.0 00| 166 0.0 00| 166 00| 109 5.7
350 1.2 0.0 00| 16671 00 00} 166 00| 162 03
350 03 0.0 00| 109 0.0 00| 109 00| 06| 104
| 0.5 0.0 00| 109 0.0 00| 109 0.0 6.0 49
400 1.2 0.0 00| 109 0.0 00| 109 00| 106 0.4
0.3 0.0 00 8.2 0.0 0.0 8.2 0.0 0.0 82
400 0.5 0.0 0.0 8.2 0.0 00 8.2 0.0 0.0 8.2
1.2 0.0 0.0 82 0.0 0.0 8.2 0.0 0.0 8.2

* ¢ is 2 parameler reflecting the markel condition.
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Table 6.5 {3) .- Nuiber of Voyages on Fach Route

o Size . : PHI PH2 PH3

a - —_ B v

- 1(4,000 DWT) sis | es o | sis | os|ere | sis|oes oo
0 03| 816 1| 619 28171 816.| 619 ] 287} 816 | 619 287

{ 0.5 |'1336 |- 3227} 63| 1336 | 322 | 63 [1336 | 322 63

60 12 {1590 | 121 1t l1sso | 121 1.1 1590 ] 121 it

60 03 00 | 57.7.{2086} - 7.1 s6.1 12031 7.1 | 561 | 203.1

| 0.5 0.0 | 1530 {1133 | 796 [ 1073 | 794 |: 796 | 1073 | 794

150 1.2 00 | 2285 378 | 2188.| 4071 6712188 | 407 6.7

150 0.3 00| 125 | 2260 00 125 | 2260 03] 125 | 2257

RE 05 00 | 758 | 1627 oo | 7581627 | 1561 708 | 1521

250 1.2 00 { 1876 | 509 00} 187261 509 |1622 | 601 | 163

AG. 250 03 0.0 00 | 2105 0.0 4.8 | 205.7 0.0 4.8 | 2057
{ i 0.5 0.0 00 | 2105 00| 4351670 | - 00 ] 435! 1670
USA 300 1.2 0.0 0.0 | 2105 00 | 1549 | 555 00| 1549 | 550
300 03 090 00| 406 00 00 | 406 0.0 07| 399

! 0.5 0.0 00 | 406 00 00| 406{° 00 711 334

350 1.2 0.0 0.0 | 406 0.0 0.0 | 4086 00| 291 115

150 03| 00 00| 282 oo oo 282[ 00| 03] 279

! 05 | 00 00 | 282 0.0 00| 232 0.0 37| 245

400 12 00 00| 282 6.0 00| 282 08| 192 0.0

03 0.0 00.| 202 0.0 00| 2021 00 00| 202

400 0.5 0.0 00 | 202 0.0 00} 202 0.0 00| 202

1.2 0.0 00| 202 0.0 00| 202 00 00| 202

*a is a parameter reflecling the market condition.

6.6 Nuvmber of Ships Passing through the Canal

The number of ships passing through the Canal is obtained by the following equation, according

to direction of transit,

Nk (NORTH) = Nk (8/8)

Nk (SOUTH) = Nk (8/S) + Nk (C/S)

(6.10)

6110

Where, Nk (North), Nk (South) are the number of tankers that pass through the canal north-
bound and southbound, respectively.

The values are shown in Table 6.G.
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Table 6.6 Number of Ships Passing Theough the Canal

Size . PHI PH2 PH3
« B .
(1,600 DWT) N S T N S T N S T
0 03 | 864 971 | 1,835 | 864 971 | 1,835 | 864 971 1,835
! 05 | 955 998 | 1,953 | 955 998 | 1,953 | 955 998 | 1,953
60 12§ 989 | 1,004 | 1,993 | 982 | 1,004 | 1,993 | 989 | 1,004 | 1993
60 03 o | 4090 | 400 | 183 ac6 | e40| 183 | 466 | 649
{ 0.5 0 644 | 644 | 529 714 | 1252 539 714 | 1,252
150 1.2 g 758 758 | 751 799 | 1,550 751 799 -] 1,550
150 03 G 109 109 0 109 109 8 115 122
{ 0.5 0 405 405 0 450 450 | 217 519 736
250 12 0 745 745 0 745 7145 | 713 | 8i4 | 1,527
250 03 0 o 0 0 41 41 0 41 41
{ 0.5 0 0 0 0 296 296 0 296 296
300 1.2 0 S0 0 0 647 647 0 647 647
300 0.3 0 0 0 0 0 0 0 5 [3
i 04 0 1] 0 0 0 ] 0 42 42
350 1.2 0 0 1} 0 0 0 0 109 169
350 03 0 0 0 0 0 1] 0 2 2
| 0.5 0 0 0 0 0 0 0 22 22
400 1.2 1} 0 0 0 0 0 0 i 71
03 0 0 0 0 0 0 0 0 1)
400 0.5 0 0 0 0 0 0 0 0 0
1.2 0 0 0 0 0 0 o |, O 0

*N, S, and T dénote Norihbound, Southbound, and Total.

6.7 Revenue
Revenue from the Canal tariffs is obtained by the following cquations:
Rk (North) = (SNT)k x Due x Nk (North) (6.12)
Rk (South) = (8NT)k x Due x Nk (South) (6.13)
where, Rk (North) and Ry (South) are the revenues according to the direction, and (SNT)k is the
Suez Canal Registered Net tonnage. (SNT)k is an emprical function of DWT; in this report the
following approximation is used: '

SNT) = (WD 03 x 0,357 (6.14)

The Revenues are shown in Table 6.7.
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Table 6.7 Revenue from Tankers

($ Thousand, USD)
Size PH P12 PH3
(1,000 a* S : . et
bDWT) N S . T N S T N S T
0 | 03] 26336 | 23.808] 50,141 26336 | 23,808 50,144 | 26,336 | 23,308| 50,144
t 0.5 | 29,118 | 24460} 53,577 | 29,118 24,460| 53,577 | 29,118 | 24,460| 53,577
60 | 1.2 | 30,163 | 24,600 54,763 | 30,163 | 24,600 54,763 | 30,163 | 24,600| 54,763
60 | 03 0 | 36,452 36,452 | 20,298 | 41,543 61,841 | 20,298 | 41,543 61,841 :i
t 0.5 0 | 57,353 | 57,353 59,681 | 63,599|123,280| 59681 | 63,599 123,280
150 | 1.2 0 | 67.512| 67,512 | 83,227 71,139 | 154,366 | 83,227 | 71,139 154,366
150 | 03 0| 21,681} 21,681 0 21681 21,681 1,947 22,887 24,834
i 0.5 0| 89911 | 89,911 0| 89,911 89911 $3,920{103,655| 157,575
250 | 1.2 0 [148921 | 148,921 - 0] 148921 | 148,921 [ 177,115 | 162,647 | 339,762
250 | 03 0 0 0 o| 9709| 9,729 o| 970 9729
I 0.5 0 0 0 0| 71,119 71,119 0| 71,119 71,119
300 | 1.2 0 -0 -0 0[155458] 155458 0155458 155,458
300 | 03 0 ol o 0 0 0 o| 1301] 130
I 05" 0 0 0 0 0 0 0} 11,867 11,867
350 | 1.2 0 0 -0 0 0 0 0| 30976| 30976
350 | 03 0 0 0 0 0 0 o| 's16| 576
| 0.5 0 0 0 0 0l 0 0| 69371 6937 4
400 | 1.2 0 0 0 -0 0 0 0] 22556 22,55
| o3 0 ol o 0 0 0 of o o
400 | 05 0 0 0 0 0 90 of o . o
1.2 0 0 e 0 0 0 0 o 0

¥ N, 8, and T denote Northbound, Southbound, and Tetal.
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6.8 Long Term Forecasling

Sections 6.1 - 6.7 describe the proce.sé which produce a one year forecast; a similar process is
conducted to get forecasts for longer periods of time. Thus, the necessary perameters for the
forecast of the tanker traffic in the Suez Canal are:

(1) Trade flows

(2) Market parameters

(3) Shipping cosls parameters

{4} Shipping Fleet mix

Since the methodology for determining the Canal traffic has been established in this report,
through consideration of these aspects should be made for additional and more detailed analyses.
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PART VI

LONG TERM FORECASTING
_ OF ' _
NON-TANKER TRAFFIC THROUGH THE SUEZ CANAL
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‘CHAPTER | INTRODUCTION:

1.1 Objectives .

_ This report has been written for the following purposes:

(1} To present to the stafi of the Unit of the SCA the basic techniques of systems analysis
necessary for understanding long term forecasts of the Canal teaflic volume.

{2) To present a basic method of forecasting the Canal traffic volume, and the revenue to be
derived from the Canal; and to develop and describe a Canal management method, in rela-
tion to the Canal expansion plan.

To achieve the above purposes, this text.exp]aiﬁs the basic system of forecasting the Canat
trafiic volume, and the revenue to be derived from the canal, with respect to long term non-
tanker teaffic.

1.2 OQutiline

Long term non-tanker traffic through the Suez Canal is considered to be important to the SCA
after the complehon of the flrat phase expansion pro;x ct of the Suez Canal for the tollowing
reasons:

Though tanker traffic is expected to increase once the first phase Suez Canal expansion project
has been completed, the long term oil frade ftows from the Arabian Gulf are not expected to
greatly increase because of OPEC’s policy. Non-lanker traffic, on the other hand, is considered
to increase according to the world cconomic development, and thus will be in the future the
significant past of the Canal traffic. This Part consists of the following four chapters:

Chapler 1, “Introduction” describes the objectives of long-term forecasting for non-tankers and
presents the outline of this report.

Chapter 2, “Werld Fconomy and Dry Cargo Trade Flows™ describes the procedures for forecasting
dry cargo trade flows carricd by non-tankers. Two methods, A and B, are explained in this
chapler. Method A often is used to forecast major bulk cargo carried by bulk carriers. Method B
is simpler and more practical than method A, and can be used to forecast not only other bulk
cargo and general cargo trade flows but also major bulk cargo.

Chapter 3, “Non-Tanker Traffic through the Suez Canal® describes methods of forecasting non-
tanker traffic passing through the Suez Canal. Two methods are explained in the same mannes

asin Chapter 2.

Chapter 4, **Canal Revenue from Non-Tankers” clarifies the methods of forecasting Canal revenue

_ at a given level of the tariff per ship.

The systems analysis technique in this part provides basic information for determining the scope



and timing of Canal development projects, as well as future larit‘fs.

In the following chapters a detailed explanation will be given about the forccasting methods in
analyzing each phase. Fig. 1.1 is a schematic diagram showing the relationships of these three
phases and the forecasting process.

1) World E¢onomy and
D1y Cargo Trade Flows

(Chapter 2)

2} Non-Tanker Fraffic
through the Suez Canal _

(Chapter 3)

3) Canal Revenue from
Non-Tankers

(Chapter 4)

Fig. 1.1 Long Term Forecasting Process of Non-Tanker Traffic through the Canal
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CHAPTER 2 WORLD ECONOMY AND DRY CAR_GO TRADE

2.1 General Remarks

The trade flow can be represented by five elements: the commodily, the volume of that com-
modity, the origin and destination, and the time during which a volume of that commodity is
transported. These are shown in Fig. 2.1.

Destina-
tion
Area

Aniount I , mittion metric tons
Time Period ! year 1976 I

Fig. 2.1 Definition of Trade Flow

Because there are numerous origiit and destinations, it is very important for an effective study to
adequately classify these originfdestination areas.

2.1.1  Commodities
Commodities related {o dry cargo can be classified into the following groups.

Coal
— Dry Bulk Cargo —p—- Five Major Bulk Cargos —1— Iron Or¢
- Bauxile and Afumina
— Phosphate Rock
Dry Cargo —
Grain

Others

— General Cargo

2.1.2  Origins{/Destinations

Origin/destination zoning requires careful consideration of the availability of Internationat Sta-
tistics, the importance of a route to the Suez Canal, and the way in which individual ports can
be grouped into an cffective single route. I is also impartant to keep the total number of zones
to a niinimum for economy in analysis.

2.2 Drxy Cargo Trade Flows (Method A)

The general procedure in tong term forecasting of seaborne trade flows, for each kind of major
buik cargo, is divided into the following five components:
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1)  Scenario for world economic development
2) Consumpiion an& production

3) lmport and export

4)  World trade flows

5) Trade Rows relevant to the Suez Canal

Fig. 2.2 is a schematic diagram of the long term forecasting procedure. Note how the components
listed above are inter-related.

The whole world can be divided into two groups, One group being the exporting areas (N areas;
area i), the other being the group of importing areas {L arcas; area j). The relationships among

variables i, j and k are as follows:

Exporting areai: 1 - N (k=1 -N)
Importing area j: P — L (N+H1 — N+L)

An outline of the methodology underlying such tong term forecasts will be described briefly.
In the remainder of this section, each component will be explained in detail.
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1) Scc_narid for World Economic _Developmeﬁi L
' Arcak: 1 ~N+L

Annual GDP . Elasl;icily" " { Nationat Policy
Giowth Rate ﬁyallapl‘h{y of C_onsumption) of Exporting Cthers
(GR) escrves GbP | Couniries
Adjustmient
of gap
2) Consumption . 2) Production
Ck = - Pk
Domestic production B

L
[

Domestic consumption

3) Import 3} Expori
M;j Xi
‘ A R . T
B(ij) T §) Hoxih)
N z N

L

I

5) Trade Flows
Relevant to the Suez Canal
Tp

Fig. 2.2 Forecasting Procedure (Methed A)

1) Scenario for World Economic Development

~Inlong term forecasts, it is necessary to choose a set of well-defined hypotheses concering the
‘l; evolution of the economic environment for each area. If several equiprobable possibilities should
be retained, a scenario is made to incorporate each set of hypotheses.

In order to determine a scenario, considerable use witl be made of existing forecasts available
from various organizations, such as the United Nations and OECD. From a comparison of the
various forecasts, several sets of scénarios must be extracted. The extracted scenarios have lo
include one which will be censidered as the most probable, and other which will be derived
from a fundamentally different set of hypolheses.
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A scenario consists of many factors. The most imporiant factor is the GDP (Gross Domestic
Product) annual growth rate for each area. GRk denotes the GDP annual growth rate of arca k.
In addition to GRK, it is necessary (o determine all explanatory variables, the availability of
resource reserves, and the national policy of the exporling countries.

In the succeeding parts of this section, the methods of forecasting trade flows will be explained.
2) Consumption and Production

Consumption in area k is denoted by Ck. Ck is ofien assumed to be dependent on the GRk
(GDP growth rate of area k) and the clasticity (consumption growth rate/GDP growth rate, ek)
of area k. The following equation is the most popular one representing the relationship between
E,GR and e:

Cy =C} (1 +ek - GRK)" i (2D

where Cﬁ: consumption in area k of the base year,
CE: censumpiion in area k of the n-th year.
GRk and ek have been already determined in the scenario stage.
Production capabiliiy in area k (Pk) is forecast'by taking into account resource reserves, and the

national policy of area i. After forecasting production capabilities, world oil consumplion is
compared to the world production capability and the following modification is made:

N+L N+L
If 2 Ck< E Pk, Pkisnmodified so that
k=1 k=1
N+l N+]
T Pkisequalto 2 Ck.
k=1 k=1
NtL N+L
It £ Ck> 2 Pk, Ckis modified so that
k=1 k=1
N+L N+L
% Ckisequalto ¥ Pk.
k=1 k=1

3) Imporis and Expotls
Imports to area j (Mj) and exporis from area i (Xi):are forecast by the f(;llowing equations.

Cj-Pj, if CGj is greater than Pj.

Q0 |, otherwise

0 ,if Ciis greater than Pi. 2-2)
P;1-Ci, otherwise.

Mj=(

Xi=(
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4) World Tradé Flows

Trade ftows between areas are forecast based upon data bn imports, exports, present trade flow
patterns and the distances between areas. The following mathematical methods have been
developed and applied in forecasting origin{destination paiterns.

a) Constant-Factor Method by Origins

b) Constant-Factor Method by Destinations
- ¢) Furness Method o ' E
} d) Average Factor Method

e) - FRATOR Mcthod

)  Detroit Mcthod

g} Gravity Model.

Of these, the FRATOR mcthod c):-:plained below is onc of the most sophisticated :ﬁcthods.
FRATOR method
The data which will be used in the FRATOR method is as follows:

T(O)(i,j): “present trade flow from area i to areaj.

X((o)(i) : present tofal exports from area i.
MO () : present total imporis to area j.

_ L
x x@hy = z 165 ST (2:3)
=1 -
N
M%) =z 1%, . (2-4)
i=1 : .
XM : future total exports from area i.
M} : future total imports to areaj.

Table 2.1 shows the format for data input. The forecast of future trade flows (T(i, j) ) is carried
out through the following steps by using the above data.

a)  First approximation T“)(i, i)
The following growth I‘aétors are calculated as shown below.

1 0 =xayx@sm o (2-5)
K 66 = MG e, (2-6)

The first approximations T(l)(i,j) are obtained by the equation.

. {0 . (O),.
W4, 1y = 7%, #0619 Y DIVD (2-7)
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b)

c)

where

L
%) = xD6y = (6,661 o (2-8)
. = | o

N : :
v@e =M% d%n-F %00 . 29

i=1

Second approximation T(z)(i,j)

L
xVay== ™an (2-10)
i=1 ‘
N
MPe-32 " Van (11
i=1
6 = xayx M e (212
cWar=mimWay (2-13)
C A1) FRRE I ) S ¢ ) | -
vy = x (1)!{_211('[" @ -6V (2-14)
1= )
(D Wy Y (1) (1) | |
viDgy =M (j)n_x1 aWan- By oo (2-15)
1:
()ee . AD),
6,5 = 16,5y 1Dy Dy LIV (2-16)

m-th approximation T{nl)(i.j}
M 5y = Dy gDy gm-Dgy U7 D+ VT @D

Iterative calculation is finished when all of l'{m)(l), (x(m)U), U(m}(l), and V(m)(])
converges to unity.

Computer programs aid greatly in performing these calculations; Table 2.2 shows a
format of the results. :

When employing a Gravity Model, distance data between pairs of areas are also used to forecast

trade flows.

Future trade ftows T(i, j) are forecast using these methods.
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5) Trade Ftows Relevant to the Suez Canal
The distance data is used to extract originf/destination pairs {p) which have a savings in distance

through the Suez Canal. After that extraclion, trade flows relevant to the Suez Canal (Tp) are -
determined.

Table 2.1 Present Trade Flow Table (Input Data)

T(O}(i, 1) (in million metsic tons)

Importing

Area
1 2 3 4 } | 33| L Total
Exporting .
Area o o o -

1 ) xo
N L x(©)2)
N S IR FES SN B | O

4 | x4 B

i T, j) -

N1 1 | H“_:-)V((")(N-l)i
S N AU RV I A I B0

Totat M1y | MO)2) { M0y | M0y M1y ML) 1{0)
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Table 2.2 Future Trade Flow Table (Output)

TG, i) {in million metric tons)
Impoiling
Area
_ 1 2 3 4 j E-1 L Total
Exporting
Area N L 7
_1 X{1)
2 X(2)
3 X{3})
4 Xx{4)
i TG, j)

N-1 X{N-1)
N R - X(N)
Total M(1) M{(2) M(3) M{4) M{L-1) M(L) T

Table 2.3 Trade Flows Relevant to the Suez Canal
.o Trade Fiow Trade Distance
Ol\!g. f? ari : — Volume Saving
d Origin Destination (in MMT} {in mites)
1
2
3
p _
5
p Tp
Total
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2.3 Dry Cargo Trade F lows {Method B)

‘This method is often used to forecast commodity trade flows of other bulk and general cargo.
If forecasting major bulk trade flows in a way simpler than the method A is desired, this proce-
dure can be applied.

The method of forecas_t is outlined as follows:

.
2}
3)
4)
5)

6)

Forecast the growth rate of GWP (Gross World Products)

Estimate the elastic figure between world seaborne trade and GWP for each kind of Cargo
Calculate the growt¥1 rate of world scaborne trade

Forecast the volurie of world seaborne trade

Estimate the share of transit volume through the Canal in worsld seaborne trade.

Forecaste the transit volume through the Canal

A Tlow chart of the forecast is shown in Fig. 2.3

ﬂ 1) Growth rate of GWP (G R(l)) 2} Elastic figure between GWP
| and seaboine trade (e(l))
i

b ]

{

3) Growih rate of wosld infernational
seaborne trade (1}
(gi }

4) Volume of world i(n)lemaliona!
seaborne trade ;{1
et @y)
5) Share of transit volume through the
Canat in woild seaborne {rade
S t
@)
6) Transit volume through | J
i
the canal (T{ﬂ) )

Fig. 2.3 Quiline of Method B
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The fo]lowmg equations are used to forecast the future transit volume through the Suez Canal
for cach type of cargo.

fP=ar® (2-18)
QW=a+dth FUTRUR (2-19)
W= .o (2:20)

11 u"

where

GrY : growth rate of G\WP in the t-th year

e (it) : elastic figure between G\YP and world seaborne trade of cargo (type i} in the
t-th year _
g(it) : growth rate of world scaborne trade of cargo (type i} in the t-th year
Q(.o ) : present world seabome trade of cargo (typei)
o0

YA share of transit volome of cargo (iype 1) through the Suez Canal in the world
seaborne trade in the t-th year

i : type of cargo
! :I=1__.. Northbound
1=2.... Southbound
T

” : transit volume of cargo (type i) through the Suez Canal in the t-th year
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CHAPTER 3 NON-TANKER TRAFFIC THROUGH THE SUEZ CANAL

3.1 Bulk Carrier Traffic through the Suez Canal (Method A}

Trade flows relevant to the Canal, the world fleet stracture of bulk carriers, and the shipping

costs for each vessel size on each route, are used to forecast the traffic volume through the Canal,

in the same way as tankers. This procedure is shown in Fig. 3.1. The procedure is needed if
using niethod A, described in chapter 2.

{(Method A)

Trade Flows
Relevant to
Canal

Worild Fleet
Structure

Bulk Camiers

1

Route Cost of Shipping
per Ton of Cargo

"0 On each trade flow

O In each size of vessel
O For each routé

Routeé Choice
Model

i

Proportion of Route Cholce

o For each frade How
o For each size of vessel
o For each route

Traflic Voluine
of Each Vessel Size

|

{ Capability Check )—wﬁﬁ—u#

Development phases
and maximum
allowable ship size

Proportion of Route Choices
in Each Phase

Estimation of
TFraffic Yolume

I

Trzffic Volume on Each
Route for Each Trade Flow
in Each Phase

Traffic Voluine via Canal
and via Cape

Fig. 3.1 Outline of Forecasling
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3.2

When using Method B, as explained in Chapter 2, it is necessary to forccast non- tanker traffic

Non-Tanker Traffic through (he Suez Canat (Method B)

through the Canal by the following stéps:

1}
2)
3)
4)
5)
6)
7
8)
9}

10)

Ship type for each type of cargo {sce Table 3.1)

Cargo volume by ship type (in méhic tons)

Conversion factor from Cargo Volume to SNT for ¢ach ship Lype (see Taﬁle 3.2)
Ship volume by ship type (in SNT)

Ship size distribution for each ship type (sce Table 3.2)

Laden ship volume by ship type and size (in SNT)

Representative size of each ship size category (in SNT/ship) (see Table 3.3)
Ship number by ship type and size. {laden ships)

Ship nunber by ship type and size (in-baMast ships)

Ship volume by ship type and size (in-ballést case)

An outline of the procedure is shown in Fig. 3.2.
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Transit Cargd

Valume
L
(Cargo Tons)
)] _ 1)
Cargo Volunie by Ship Type IDistribulion
Ship Type ! A
% Pij
(Cargo Tons)
4) 3)
Ship Volume (Jaden) . Com'ersior; Factor
l g
Y5 T
(SNT) . SNT
' ( Cargo Tons)
Ship Volume by Size Ship Size Distribution
2k 9k
{SNT)
8) 7)
Number of Ship Representative Size of
laden A =771  Shi
( ) N ik P ik
{Ships) (SNT/Ship)
9)
Number of Ship
in ballasl {
( | B Y i
(Ships)
10}
Ship Volume by Size
in ballast) o =
( )l

(88T)
Fig. 3.2 Outline of Forecast Process (Method B)

Non-tanker traffic through the Suez Canal can be forecast by the following equations,.after
estimating parts 1), 3), 5), and 7), of Figure 3.2, based upon the present flcet structure of
non-tankers. ' '

!
n xi=z 1,0l G-1)
. i
i=1
b0 _
Lol 2
ORRGED STy G-2)
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I _ i . 2.
o) ij Yj S 7 {3-3}
R |
8) Njk ij I'Jk ........................ {34)
) [ 1
M. =
1 2 ik
IMNp2Ng =1 5 1 .2 1.
M, =N. —N: j
9 M i_ . ik jk jk ¥
ik 1 2 .l ............... {3-5)
M L N e
Otherwise - ] } J
M 2
jk
I _ .1
10) Bjk = Mjk Tik e (3-6)
J K
Nl=» 2N {( ........................ (3-7)
=l k=l !
1.3 Ko
M zZ I M S LR EE TR (3-8)
j: ]: =1 ]
where I =(1 ... . Northbound ié
2 .. ..Soulhbound ;
1 : 1= 1 ~1{cargo typec)
i j =1 -1 (ship type)
k k=1 - K (ship size)
Tit cargo transit volume through the Suez Canal (in melric tons)
p :J ship type distribution by cargo lype i
le cargo volume carricd by ship type § {in metsic tons)
f Jl conversion factor from cargo tons to SNT
Y; ship volume of type j (in SNT)
q ik ship size distrib‘l_:ltion Qf typej -
Z j‘;-: laden ship volume of type j and size k (in SNT) 31
Tk rcpresentatiyé ship size (SNT) of type j and size k *
N j’k taden ship number of type j and size k through the Sucz Canal
M j!k ship number of {ype j and size k through the Suez Canal in-ballast
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B’

ship volume of type j and size k ﬁuough'lhe Suez Canal in ballast {in SNT)

jk
N1 number of laden non-tankers through the Suez Canal
M I_ nuinber of in-ballast non-tankers through the Suez Canal
Table 3.1 Ship Type Distribution (P i; )
3 — @)
Ship Type
Cargo Type ! 1 2 3 J Total
B
[ P;'Drthbound ) 100
! i Soulllboaln&-_ o '100
, | Northbound " | 100 |
Southbound P;, 100
B Northbound | - - 100
3 ‘Southbound o B 100
4 Northbound - }’,_!f:,,_________;__\ \19_.;:}
T Soutbbound |

Table 3.2 Conversion Factor {f : )

. {SNT/Metric ton)
Ship Type
]
Direction ! 2 3 i !
Noithbound ] o
o1 H %c;un f} f‘, f; | [}
Southbound
(e1H] ’l: (%Uﬂ I—} rg f; . {;
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Table 3.3 Ship Size Disteibution (q jk)

(%)
Ship Size
Ship Typo K I 2 3 K Total
3
o 100
2 21 qQz2 UTE 9,k 100 -
3 B | ] 100
- ) 100
) ] 100
Table 3.4 Representative Ship Size (r jk) '
(SNT/Ship)
Ship Size
Ship Type k 1 2 3 K
J — — —
1 Iy 112'__ T1a 1k
2 LY 22 23 '2?
3
. _ . -
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CHAPTER 4 CANAL REVENUE FROM NON-TANKERS -

4.1 Canal Revenue from Bulk Carriers (Method A)

4.1.1 Canal Charges for Bulk Carriers

The Canal charges for a unit S.C.N.R.T. are determined according to the loaded condition, with
the vessels S.C.N.R.T. corre_!ated with its D.\V.T. using a regression analysis {o obtain the quan-

titative relationship between S.C.N.R.T. and D.W.T. Thus, the canal charges for the transit of a

vessel can be calculated according to the vessel’s loaded conditions and its D.W.T. One of the
most reliable equations using this relationship is the following ¢quation:

SCNRT.=ax(DWT) ... S (4-1)
Coeflicients a and b should be estimated from current data.
4.1.2 Number of Butk Carticers through the Canal
Since canal charges aré deterntined for each passage, the traffic volume through the Canal must
be converted to the number of passages, to obtain the Canal revenue. When the traffic volume on
each route is determined, the number of ship trips needed to carry that commodity can be ob-
tained by dividing the commodity volume by the transportation capacily of the vessels, as repre-

sented by the vessels dead weight tonnage (DWT) multiplied by the load factor R. The following
equation gives the number of trips:

Trip number = traffic volume f (DW.T.x R} .. ... ... i .. (4-2)
4.1.3 Revenue from Bulk Carriers through the Canal

The numbers of ships passing through the Canal, as obtained above, gives the Canal revenue
when mulitiplied by the corresponding Canal charges for bulk carriers.
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4.2 Canal Revenue from Non-Tankers {Method B)

In Method B, the Canal revenue from non-tankers can be obtained by applying the following
cquations:

4.2.1 Canal Revenue from Laden Non-Tankers (U)

2 ] K

VR
U= ¥ £ +%. L T e e 4-3)
;=1 j=1 k=1 X
where Z;k : laden ship volume OIf typej and size k (in SNT)

Wi canal due rate of type j and size k {in $/SNT)

{ f=1....Northbound
{=72....Southbound

4.2.2 Canal Revenue from Non-Tankers in-Ballast (V)

K

2 .
v=: 3 3 Bl .v ORI (4-4)
It =1 k=1 X

where B ;k : ship volume of typeé j and size k (in SNT)

v, : canal due rate of type j and size k (in $/SNT)

ik
4.2.3 Total Canal Revenue from Non-Tankers (R)

R=U+V e (4-5)
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OTHER STUDIES

Although the main responsibility of the Econome Unit is within the context of economic and
financiat feasibility studies of proposcd projects, the study team hopes that all the members of
the Economic Unit be familiar with not only their own specialized ficlds, but also with the engi-
neering and operational aspects of all SCA pro;ec[s To achieve this aim, Part VII describes the
previous engineering and operational feasibility studies for the development of the Suez Canal
which include the following two studies: :

1) Development of the Suez Canal Feasibility Study, by Maunsell Consultant LTD., Vols. 2
and 3. (1976)

2) Suez Canatl Development Feamblhty Study, by Sogreah Consultant Engmeers, Vols 5 and
6. (1976) .

The l‘oilosﬁng ftowcharts illustrate the elements of concern to the engineering and the operation

of the Suez Canal. While not exhaustwe in scope, these charts do cover the important aspects of
the Suez Canal operations.
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-Safety of navigation

Approach
Canal
Bittes Lake

- Capacity

— Reporting and forecasiing of weather, cusrents speeds
- Break water in Port-Said
~ Traflic sepéralion system {Shallow bank separation)

- Beaconage system

- Pitotage
— Anchorage Bed condition in Bitter Lake
Mooring Layout _ Wingd
{Bitter Lake Mooring ropes Visibility
Pordt said) - Buoys
Dolphine
Wailing area
(Ordinary Cond.
Emergency Cond.)
— Fire fighting —————— Organization
(Allocation and Ne. |~ Regulation on ships
of equipment} — Special fire fighting tug
— Mobile fire engine
— Portable pumps
— Foams
"~ Tanker carries
— Anti-poflution — Organization
(Alocation and No. |- Booms
of equipment) — Skimmers
— Absorbent )
— Tugs with spray equipment
-« Spray equipment
— Tanker Carries
- Marime traffic control system ——— Rader susveillance
Approach (Allocation of confrol center
Canal Communicalion system
Bitter Lake Monitoring system)

Allocation, No. of equipment, instaliation
stage

— Transit movement time distance graphs
{Manual
Computer)

- Construction of by-pass

- Priority of transit

- Convoy cycle

Fig. 1.2 Flowchart: Safety of Navigation and Canal Capacity
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— Conslant Velocity Experiment

Powering (Area ratiofPowerfSpeed)
Squal
- Handling )
Handling in cross-wind
Handling when model is off center course
Handling and powering with heading and following current
Effect of draft on powering and handling

— Experiemint in Curved Canal

Helm angle réquired
Helm activity
Safe handling

—— Invesligation on the hydraulic phenomena associated
with the transit of ships
Draw down
"Return current
Surface wave
Erosion of canal cioss section
Tides and curzents in the canal
 Velocity distribution in the ¢anal

L. Estimate of silting in the channel

ia
e

Fig. 1.3 Experiments Pecformed

— 118 —






F s






L

: %Mﬁ

e

o

S
e
i gl

by




	PART III ANALYSIS OF CURRENT TRENDS AND TRANSPORTATION COSTS
	CHAPTER 4 SUEZ CANAL TRAFFIC
	4.6 Mineral Fertilizer
	4.7 Fabricated Metals
	4.8 Cement

	CHAPTER 5 GENERAL CARGO AND LINER FLEET (CONTAINER FLEET RELATING TO THE SUEZ CANAL)
	5.1 General
	5.2 General Cargo (Other Goods)
	5.3 Liner Fleet, Especially Container Fleet

	CHAPTER 6 MARITIME TRANSPORTATION COSTS
	6.1 General
	6.2 Effects of Fuel Oil Price on the Canal Traffic
	6.3 New World Scale Rates (January 1, 1980)
	6.4 Profitability of Part-laden Tankers
	6.5 Profitability of Large Bulk Carrier Transit in the Australia, India/Europe Iron Ore Trades
	6.6 Profitability of Large Bulk Carrier Transit in the Australia/ Europe Coal Trade
	6.7 Profitability of Bulk Carrier Transit in the USA/Indian Ocean Grain Trade


	PART IV SHORT TERM FORECASTING OF CANAL TRAFFIC
	CHAPTER 1 INTRODUCTION
	1.1 Objectives
	1.2 Outline of the Study

	CHAPTER 2 METHOD OF FORECAST
	2.1 Outline of Method

	CHAPTER 3 CASE STUDY
	3.1 Forecasted Commodities
	3.2 Other Data
	3.3 Results of Case Study

	CHAPTER 4 STATISTICAL ANALYSIS OF SHIPPING ARRIVALS
	4.1 Arrival Numbers in 1978
	4.2 X2 Test


	PART V LONG TERM FORECASTING OF TANKER TRAFFIC THROUGH THE SUEZ CANAL
	CHAPTER 1 INTRODUCTION
	CHAPTER 2 FORECAST METHOD
	CHAPTER 3 OIL TRADE FLOWS RELEVANT TO THE SUEZ CANAL
	3.1 Outline of Forecast
	3.2 Forecast Oil Trade Flows from the Arabian Gulf to Western Europe (1985)
	3.3 Oil Trade Flow from the Arabian Gulf to the East Coast of North America in 1985

	CHAPTER 4 ROUTE COSTS
	4.1 Introduction of Freight Market
	4.2 Components of Shipping Costs
	4.3 Deduction of Shipping Costs per Cargo Ton
	4.4 Freight Market

	CHAPTER 5 ROUTE CHOICE MODEL
	5.1 Multinominal Modal Choice Model
	5.2 Previous Method
	5.3 Multinominal Route Choice

	CHAPTER 6 FORECAST OF TANKER TRANSIT
	6.1 Oil Trade Flow
	6.2 Route Costs
	6.3 Proportions of Route
	6.4 Traffic Volume on Each Route
	6.5 Number of Voyages on Each Route
	6.6 Number of Ships Passing through the Canal
	6.7 Revenue
	6.8 Long Term Forecasting


	PART VI LONG TERM FORECASTING OF NON-TANKER TRAFFIC THROUGH THE SUEZ CANAL
	CHAPTER 1 INTRODUCTION
	1.1 Objectives
	1.2 Outline

	CHAPTER 2 WORLD ECONOMY AND DRY CARGO TRADE
	2.1 General Remarks
	2.2 Dry Cargo Trade Flows (Method A)
	2.3 Dry Cargo Trade Flows (Method B)

	CHAPTER 3 NON-TANKER TRAFFIC THROUGH THE SUEZ CANAL
	3.1 Bulk Carrier Traffic through the Suez Canal (Method A)
	3.2 Non-Tanker Traffic through the Suez Canal (Method B)

	CHAPTER 4 CANAL REVENUE FROM NON-TANKERS
	4.1 Canal Revenue from Bulk Carriers (Method A)
	4.2 Canal Revenue from Non-Tankers (Method B)


	PART VII OTHER STUDIES
	OTHER STUDIES

	Cover

