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PREFACE

The analytical tool described in tnis report was created in

program is sponsored by the Department of Transportation, fhfough
the United States Coast Guard, Office of Research and Development.
The program supports Government activities designed to promote

Vessel movements durlng the yeax 1972 were recorded and
processed by the maritime dynamic traffic generator. The routes
and the numbers of vesscls in each five degree square were plotted
on a world map. The objective of this work was to @@termine the
number of potential users of a satellite communicatiwn service and
the required satellite coverage to provide this beerdw ‘

The "processor program was designed by Paul J. Canolly,

Kentron Hawaii Ltd., assisted by J. Van Etten and T. ?Hlbot

Kentron Hawaii Ltd. i

¥Now with DOT/Transportation Systems Center, Control- and Simula-
tion Branch. -
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1. SUMMARY

1.1 PURPOSE

This report presents the most generally useful data output
fxom thc Maritime Dynamic Traffic Cenerator in a compact form for B
ure by analysts working in the maritime field., It describes the f
source of the input data and the electronic data processor program -
used to create this data output. In addition, the assumptions in
the program are given to provide the users with a basis for
judging the validity of the data for use in their areas of interest.

1.2 SCOPE

Each week in 1972 the movements and latest reports of
18,000 merchant vessels listed in Lloyd's Shipping Index were
processed through the Maritime Dynamic Traffic Generator. This
electronic data processing program was designed to move the vessels
along shipping lanes to their destination and keep statistical
records of the ports viéited, the occurence of casualties and
the status of each vessel. The data output in this report is the
daily average density displayed on a world map. There is one
plot for each week of 1972.

1.3 CONCLUSIONS

The Maritime Dynamic Traffic Generator is a unique analy-
tical tool to be used by satellite system engineers to determine
maritime user distribution and satellite coverage requirements.

Its output has potential for satisfying requirements in
related maritime areas. System analysts can use the output with
confidence in its validity, provided the source of the data input,
the assumptions in the processing program and the rationale for
the data output formats arc understood.
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The moast generally useful data output from the Maritime
Dynamic Traffic Generator is rhe.weekly plots of the daily density
of maritime traffic on a world map.-

1.4. RECOMMENDATIONS -

The deﬁsity plofs should be validated after ten years or if
there is a major change in the shipping routes, such as the
opening of the Suez Canal,.

For a detailed description c¢f the method of creating the
density plots, see the Maritime Dynamic Traffic Generator - EDP
Program Description in volume 2 of this report,

To improve the accuracy of the shipping routes, the density
data plots should be correlated with the Amver density data plots
for the same periods.
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2. BACKGROUND

© The Navigation and Traffic Control Panel of the Naticaal
‘Académy of Sciences, Summetr Study on 3pace Applications concluded
in 1969 (Ref. 1) that economic benefits to the maritime community
from a satellite system providing traffic control and enroute
navigation would cxceed the cost of such a system. In October
of that year, the NASA/Llectronics Research Center plotted the
.routes of 400 randoi .y selected vessels from the Lloyd's Shipping
Index on a world map (Ref. 2, 3, 4). The plot was done manually
and was to be used as a method for determining the required
coverage from a satellite antenna to provide a navigation and
traffic control function. However, when tests of significance
were applied to the 400 vessels, it was discovered that a minimum
of 1600 vessels must be plotted before assumptions for the total
fleet would be valid.

In November 1970 Autumated Marine International published
a report (Ref. 5) under contract to the U.S. Coast Guard which
demonstrates the advantage of a satellite communication service
to the maritime community.

In this report was a plot of the positions of 12,000 merchant
vessels, 100 gross tons and over, and 10,000 fishing vessels on a
world map.

In 1971, the DOT/Transportation Systems Center decided to
create a series of world plots to display the positions of vessels,
dynamically, as they change their routes in response to seusonal
variations and economic pressures. The 18,000 vessels of the
l.Lloyd's Shipping Index was chousen as the data input source. Bach
weekly issue of the Index for 1972 was photographed and enlarged,
and the Jdata was keypunched and stored on magnetic tape for auto-
matic processing. A processor program was created to move the
vessels along standard routes and to keep a statistical record of
their positions. Subroutines to enable the input data to be
tiltered and display formats were designed to service the needs of

Zieii il oo

il R

i
i




the satellite system designed., 1In June of 1973, all the source

data had been processed and 52 weekly dehsity distribution charts
were printed,
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"3, DENSITY DATA PLOTS

. 3.1 DESCRIPTION AND SCOPE

The density data on a world map is the most generally useful
forr of the output from the Maritime Dynamic Traffic Generator.
Analystes in the maritime field can use this statistical data to
extract area densities and seasonal fluctuations. The assump-
tions and a method to improve the quality of the data is given,

For each week in 1972, the generator processed the datea
input from the Index along standard shipping routés to their
destinations. Each five degree square was a counter that kept
track of the number of vessels passing through, At the end of
each week, the total number of vessels would be divided by the
number of days to calculate the daily average number of vessels,

This number was printed on a world map in the corresponding five
degree square,

3.1.1 Assumptions

The two assumptions that were used in the generator and
have a direct impact on the density data plots are that vessels
travel at 15 nautic-1 miles and that they follow standard
shipping routes, Tie impact of the first assumption is ameliorated
if the vessel's data entry includes a "latest repert" when it
passes prominent landmarks. The vessel is placed at the location
of the latest report on the correct date and the data in the
generator is adjusted. The second assumption impacts the loca-
tion of the vessels only whea they are on high seas., Within the
confluence areas, the vessels move along the shortest straight line
path provided the path dc:s not cross a land mass. On the high
scas, the vessels move along routes selected from the Pilot Charts
published by the Defense Mapping Agency Hydrographic Center for
merchant shipping. Each month new charts for the North Atlantic
and North Pacific are available, whose routes are changed to take
advantage of the wind and’ currents and to avoid weather hazards.
The charts for other areas change quarterly. Although the routes
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in the generator are fixed, the 5° squares are 300 nautical miles
wide and encompass much of the variations.

3.1.2 Validity

All errors, mis-matched vessels, unknown ports, were designed
to be less than § percent. Random checks on the input data veri-
fied that the errors were always less than 5 percent. From week
to week, vessels were matched with their reports. If there was
no match in flag, age, or tonnage, a new vessel was created. The
number of new vessels was less than 2 percent of the total for the
week. If a port was not listed in the port table, the generator
would cause the name to be printed out. Manually, the port loca-
tion would be looked up in Lloyd's Maritime Atlas., The port's
coordinates, if available, would be used in the program. The
number of ports which could not be located using this method was
less than 15 per week.

3.1.3 Improvements

The density data averages can be accumulated to form monthly
or yearly averages. This would smooth the data for wcrst case
analysis. If more accurate position information is required, a
generator with variable routes should be used. In addition,

a time trend analysis can be done for important 5° squares. From
this analysis, the seasonal effects on traffic density can be
determined.

3.2 APPLICATION

There are many uses for this density data. The most
important is the correlation between high density of vessels and
the incidence of casualties, Analysts may wish to calculate the
potential for casualties in confluence areas. Other analysts Z
may wish to determine products' market potential as a function
of trade routes or conduct other studies which depend on ship

movement.,
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3.2,1. Confluence Areas .

:.As is seen. in the. caa.alty tabulatlon, ths frequency of
emergenc1e< is hlghest where: the shlpplnp densities are greatest,
”:_partlc"larly in confluence areas when ‘the lanes cross, dlverge and
chonVerge.“'”'"“””"”

are the Eng11sh Cnannel the
"general Medlterranean, ‘the’ approacheq to the Northeastern Unlted

States,. the approacheq to the Medlterranean, the- Nortn Sea area,
the United States Gulf Coast and the arez around Japan. One-
third of the casualties happening beyond 32 miles from harbors
happen in these confluence areas. .There is no ordered and fegu‘
.lated trafflc control “Ain these areas today, ‘however, ‘there is an -
1ncrea51ng (voluntary) effort to maintain vessels in sea lanes in
outer and inner confluence areas. One study that is required is
the value of using satellites for surveillance in the outer con-
fluence arca and issuing traffic advisories. But satellite sys-
tems not withstanding, any suggested solution to the confluence
area congestion problem - technical, operational or regulatory -

will require the data in the density plots.

3.2.2 Sea Routes

The dai.y number of vessels going from port to port and the
“weekly and seasonal changes ire important to analysLsAwho service
the maritime interests. As an example, to answer a question of
the size of the potential market for a weather advisory service,
during the fall hurricane season (U.S.), an analyst can select
the appropriate weekly density charts and plot th. known routes of
hurricanes. The number of vessels close to this track will allow
the analyst to size his market.

3.2.3 Studies

The maritime community has a definite need for a
satellite communications service. There are other areas in which
satellites can also be a benefit to the m2rchant vessels. The
arcas of satellite position fixing as applied to the safety of
life and property at sea, and to search and rescue, as well as

s,
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. surveillance and -traffic advisories for confluence areas are ail
candidates for studies to ascertain their need,
effectiveness. These studies will heed

plots for the mission

T

feasibility and
the data in the density
analysis and associated system definition.
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