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Summary

The absence of information on the North Sea Shipping traffic flows in general and on
the Dutch part ofthe continental shelfin particular caused the North Sea Directorate
of Rijkswaterstaat to initiate an aerial observation project, calied 'Verkeers Onderzoek
Noordzee Visuele Identificatie (VONOVI)' or 'North Sea traffic analysis by visual
identification'.
This project evolved into a very elaborate observation system, taking about 13
manyears for a team of 10 people. By means ofintermediary questions the project was
adapted a number of times, enabling it to answer questions on the nautical problems of
the North Sea in many instances.
A number of factors in this report have caused conflict situations to develop with
respect to the use of the North Sea and shipping behaviour. These situations
determined the need for reliable and extensive data on shipping traffic in the broadest
sense. It was possible to gather data on a short term by using the aerial observation
method. Subsequently the project could be completed within a limited number ofyears.
The North Sea was subdivided into thirteen main flight areas, each divided into parallel
flight tracks. The courses of ships within the area under investigation together with
positions and names were recorded by flying at low altitude. All additional information
was derived from Lloyd's Register ofShips (with the ship's name as an entry). For data
processing, the computer ofthe Data Processing Division of Rijkswaterstaat was used.
All gathered data were stored in a computer file indentified by the flight-area.
By means of specially developed computer software, the route-intensities, route-widths
and route-compositions were obtained. Also six density maps were made. From these
the location ofthe high- and low- density areas can be determined. Ifneeded, plotting
sheets ofthe results of one or more flights can be made by computer. This enables ship
type- and ship sizeselection.
The effect of traffic regulating measures is evident from the route-data. In the traffic
separation schemes, the number of situations with ships meeting in a head-on situation
with a chance of collision is smal!.
In areas where no traffic regulating measures are in force these situations occur five
times as often.
The data resulting from the VONOVI-project are in line with its aims. They present an
overall and yet complete picture ofthe North Sea traffic, presented in several annexes
and appendices. But, in fact, it still is only a first impression, based on sampling.
As aresuit ofthe observation method used. the data represents a static traffic picture,
and have a statistical value only.
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In order to acquire a complete picture of the shipping behaviour within a specific area,
it is feit that in many instances detailed radar observations are needed.
The development of shipping will continue in the near future. There wiU be more
regulations concerning shipping traffic. The balance between shipping and the related
North Sea infrastructure, such as fairways for deepdraught vessels, offshore activities,
routes and anchoring areas etc. will continue to gain importance and therefore require
more attention. To be able to react to this in aresponsibie way, further research will be
necessary, so that one can consult an up-to-date data bank on the shipping traffic ofthe
North-Sea.
At the moment, VONOVI is used -in a special manner- for studies of the shipping
traffic. When weconsider the statistical nature ofthe flight observation method used, it
is c1ear that we have to combine this method c10sely with other research methods. The
development of radar observation methods will be a main feature in this respect.
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1 Introduction

In July 1975 the North Sea Directorate of Rijkswaterstaat initiated a very intensive
observation project, called VONOVI.
The objective ofthis project was to create a data bank to thoroughly analyse shipping
traffic on the North Sea by means of airplane observation flights.
The use of an airplane made it possible to col1ect data on a wite variety of the aspects of
marine traffic.
The information obtained from these observations is needed to find a solution to the
growing number of conflict situations on the North Sea. Prior to this project either
insufficient, or no data were available to property analyse this problem.
These conflict situations arose or threatened to arise, as a consequence of radical
activities and plans, the most important of which are:
- plans for building a L.N.G.-terminal at sea.
- the increasing mining activities on the Dutch part of the continental shelf
- the adjusment of traffic regulating measures to the practical circumstances.
In the past such problems had to be solved from nautical experience. hardly supported
by scientific research techniques. and the selected solutions didn't lead to the expected
effect. A discrepancy existed between the corrective measures taken and the actual
problems. The growth rate in shipping, new ship types (like LNG-tankers and
VLCC's). and the increasing number of permanent offshore installations made it
impossible to find an appropriate solution.
To effectively deal with these problems we must c1early understand the factors creating
them and then scientifically analyse the possible solutions.
This can only be effected by knowing all aspects of the situation. Exstensive and
detailed information on shipping traffic and shipping behaviour is needed. Afterwards.
alternative solutions can be devised. By means of a simulation model these alternatives
can be tested. Consequently, it can be determined which of these provides the optimal
solution.
The VONOVI-project delivers the data most urgently needed. The data are static by
nature, as opposed to radar observation data. which present a dynamic aspect of
shipping traffic.
The aerial observations cover a very large area whereas radar observations are limited
in this respect.
The aerial observations present a statistical survey with a great deal of information.
They deliver important data on the shipping traffic densities, the way traffic flows are
spread over the North Sea and the composition of the North Sea shipping fleet. The
7

result is a first impression of the situation on the Dutch part of the continental shelf
(DeS).

During the investigations use has been made of previously collected observation
material to support management policies. In particular, the following reports have
been published:

1976
An optimallocation, from a nautical point of view, for an offshore North Sea LNG
terminal within a 50 miles range of Hook of Holland (Dienst Verkeerskunde).
1979
The collision risk for the Bligh Bank PTT construction (North Sea Directorate).
1979
Proposals to IM CO related to traffic regulation for ships carrying dangerous cargoes in
the TE/DW-route (North Sea Directorate).
1980
The North Sea route for a LNG tanker bound for the Eemshaven (by the committee
'Nautische Overleg Noordzee" N.O.N.).
1980
Traffic regulations for Hook of Holland (by the NON-committee).
1980
The shipping traffic in the Eems-estuary and near the Terschellingerroute, as
concerned with the landing of LNG in the Eemshaven (North Sea Directorate).
1980
Nautical aspects of oil production platforms on the Dutch part ofthe continental shelf
(block Ql), as concerned mining with activities in the North Sea (by the Netherlands
Maritime Institute N.M.!.).
1980
From Greenwich-buoy to Eurochannel. Navigability investigation for ships with a 6875 foot draught in the Dover Straits and the Southern part of the North Sea (by the
Netherlands Maritime Institute).
The observations were spread over thirteen so-called flight areas. The observer read the
names of all observed ships and recorded their position and course. The observations
were taken during daylight. Later complementary data were added. All data together
were stored in a computer file. The data were analysed by means of a specially designed
computer-programme.
It is obvious that an investigation programme of such size meets with a certain degree
of evolution. The observation technique could be refined by the experience gained. The
manner of processing the collected data has also been adapted, especially with regard
to automatic data contro!. In 1978 the coding of the observed ships was standardized.
From then on, the shiptype codes as used by Lloyd's Register of Ships were adopted.
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The present data file is suited for - and will remain suited for - executing further studies
needed to solve conflict situations within the observation area.
This report.aims at drawing up an inventory.
Only there where clear conclusions could be drawn have they been presented. An
attempt has been made to clearly outline the possibilities of processing the data.
To enable the fastest possible reporting after the conclusion of the total observation
period, not all processing programmes have been used until now.
In short, the report wants to convey an insight in the main results, - a complete picture
of the shipping traffic on the DeS - and at the same time, list the many opportunities
which the datafile offers. It should be borne in mind, however, when evaluating the
results, that the data were gathered only during daylight and periods of good visibility.
This report presents the route data and six density maps. It also describes the
observation method and the method of dataprocessing and analysis. A great deal of
attention has been given to the value one should place upon the data presented and the
data yet to be presented.
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2 Project description

2.1

Justification

As has been stated in the introduction, the absence of data on 'North Sea traffic' was
one of the main reasons for the initiation of the VONOVI-project.
The aim ofthe 'North Sea Directorate', is to ensure, and ifpossible, improve the safety
ofNorth Sea shipping traffic, in co-operation with other governmental bodies such as
'Directoraat Generaal van Scheepvaart' and 'Directoraat Generaal van Loodswezen',
since 1-1-1980 united in the 'Directoraat Generaal Scheepvaart en Maritieme Zaken'.
This aim justified the start of a project of this size.
Considering the immediate need for a highly complete traffic picture, the aerial
observation method turned out to be one of the few possible and on a short term
realizable methods, especially because the airplane could also be used for other
purposes, such as oil spotting and disaster abatement at sea. Operational use of remote
sensing techniques was not yet possible in the Netherlands, since this is still in a
developmental stage. A photographic method, for example, would result in insufficient
data. The success ofthe investigation greatly depends on the completeness ofthe set-up
on the one hand and on the available experience during the execution on the other.
The completeness of the set-up has been largely complied with. (See paragraph 22.)
However, due to the absence of even the slightest experience in aerial observation
techniques in both the Netherlands and the surrounding North Sea countries, an
observation program had yet to be developed. By means of a number of experimental
observation flights in the beginning of 1975 an observation method was arrived at.
These flights also proved the practicality of the aims.
In chapter 3 the observation method during the flight is dealt with extensively.

2.2

Aims

The VONOVI project has a number ofaims. Broadly speaking, they can be classified as
follows:
A to make an inventory of the shipping traffic on the DeS, by collecting statistically
reliable data in a data file, enabling analysis of:
- the intensity of traffic along the main shipping routes
- the composition of the shipping traffic by ship type and size
- the distribution of ships over the shipping routes and the width of the shipping
routes
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- the interrelationship between shipping traffic densities
B to identify nautically undesirable situations, and to supply data which can
contribute to finding solutions for them.
C to function as an instrument with which ad-hoc questions in the nautical field qm
be adequately answered.

2.3

Principles

The principle of the VONOVI-project is the counting of ships. Momentary records of
the shipping traffic are made from the air, taking position, course, type and name ofthe
ships. The North Sea has been divided in a number of so-called flightareas. The plane
flies those areas along parallel tracks in a systematic manner. The data mentioned
above can be accurately obtained by flying very close to the ships.
Position and course are recorded by means ofnavigational aids installed in the plane.
The name and type ofthe vessel are observed visually. These records can in a way be
compared with photos. However, because each ship has to be 'photographed'
individually the idea of a reaI momentary record as such is not complied with. The
ship's speed cannot be considered very small as compared with the plane's speed. For
this reason, a correction has to be made for the difference in ship's and plane's speeds
and for the difference in course between ship and plane. These corrections are part of
the processing programme.
After an area has been observed a sufficient number of times, traffic flows, densities etc.
can be calculated. The objective was to obtain daily sampling, meaning that the period
of observation time - during daylight - is more or less equal for each day of the week.
The number of recordings depends on a large number of factors, the most important of
which are:
-

the
the
the
the
the

variation in traffic intensity
variation in traffic composition
structure of the area (presence/absence of traffic separation schemes)
variation in course headings within the area
difference in heading between the plane and the traffic flow.
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3 The observations

3.1

Introduction

This chapter describes the observation techniques used and the distribution of flights
per area. Appendix 1 gives a description of each flight-area with its main particulars.
For the determination ofthe composition ofthe shipping traffic on the DCS as a whoie,
13 flight areas have been defined.
The observation technique is based on visual observation from an airplane. The most
important advantages of this observation technique are:
- the possibility of surveying a large area in a relatively short time
- an excellent identification of the ships
There are disadvantages as weil, of course. These are that:
-

the observations are momentary recordings
flights are possible only by daylight and good visibility
the method is less suited for narrow navigable waters and port estuaries
position- and course taking is less accurate than that of radar observations

3.2

Collecting data

The observations were made aboard a twin-engine airplane (type: Cessna 4ü2-B) (see
picture 1). The airplane was especially equipped for this purpose with a DECCApositioning device, type Mark 8-a, linked to a flight-log (a sort of track plotter) and in a
later stage a digitizerjprinter (see picture 2). DECCA is a radio positioning device, used
also in shipping. The position is found by measuring the phase shifts between waves
emitted by (onshore) radio stations. One pair of transmitters (a chain) consists of a
master station with three slaves, called resp. red, green and purple, all ofwhich emit on
fixed times and frequencies. The phase shift between the master and a slave is decisive
for the distance to these transmitters, and are printed in the chart as a hyperbolic
pattern. Two or more crossing lines determine a position-fix. These can be read for the
three clocks of the receiver in the plane.
Appendix II presents a detailed description of the DECCA-system. All instruments
were placed in a special console which was operated by the observer. The flight-log was
built-in in the cockpit so that the pilots could easily read it. The observer was in charge
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The obsen'ation airplane.

The console wÎlh navigational and observation instrumcnls.

13

of the navigation during the tlights. To enabIe this, he was in direct contact with the
pilots by intercom. All observations were carried out by nautically skilled observers.
The tlight areas were chosen so that each area could be tlown in the timespan of one
observation tlight. For the plane used, the maximum tlying time was approximately 5
hours. The areas were subdivided into a number of parallel tracks, the direction of
which corresponded to the expected traffic tlow directions (see figure I).

52

,

,

,

/

Figure 1.

Example of a flight area: Goeree.

The widths of the tracks was about 5 nautical miles. The plane tlew the tracks
consecutively. The pilots could read from the tlight log map whether the plane was

airplane's courses

Figure 2.
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The method of flying during observation of aspecific ship.

within or outside the track to be followed. The observer checked this by reading the
DECCA position data directly from the instruments.
In principle, one flew in the middle of a track, until a ship was observed. Then the ship
was approached. Beside or behind the ship the DECCA position of the plane was
determined, initially by reading directly from the DECCA, afterwards automatically
using the fore mentioned digitizerjprinter.
The position thus found was considered to be the ship's position (see also figure 2).
Of the observed ships, the following data were collected:
1 the sequential number of the ship
2 the ship's position
3 the time of observation in G.MT.
4 ship's course
5 shiptype
6 ship's name
7 port of registry (nationality)
8 the estimated deadweight tonnage of the ship
9 the ship's sailing condition
After the observation, the plane returned to the middle ofthe track in order not to miss
other ships (especially in cases ofpoorer visibility). For each ship a check was made to
control whether or not she was sailing within a track-area.
When not, the ship was not in the file. The same holds for a ship sailing outside the
flight area. Thus only ships within a track area were included and considered for
further processing. Half the trackwidth (approx. 2 nautical miles) was the minimum
visibility for being able to make observations.
In practice, 6 kilometres was a safe working limit, guaranteeing an extra safety margin.
Also the chance of showers occuring should be under 50 %' A minimum cloud base
level of 500 feet was needed from a flight-technical point of view.
The choice of the starting point for a certain area depended upon the flight schedule
and meteorological factors. The starting point ofthe area in figure 1could be the northor southside of track 1 or the north- or southside of track 7.
To assess the ship's course as precisely as possible the plane approached the ship either
on a parallel track or at a 90 degree angle.
The ship's heading was assessed from the plane's compass within a 10 degree margin.
Only with larger groups of fishing vessels was this method abolished. Then the
difference in course between ship and plane was assessed as precisely as possibie by
adding that course to the plane's course.
After the course had been determined, the shiptype was assessed and coded according
to the shiptype code. The ships were overtaken as close as possible, to be able to clearly
read the ship's name and her port of registry and to assess the position with a high

15

degree of accuracy. The di stance to the ships varied from 30 to 50 meters, while the
plane's altitude was 25 to 50 meters. Attention had to be paid to avoid groups of
seagulls around fishing vessels and the exhaust gases of the larger ships.
During the first years each observation was carried out by 2 observers. This was due to
the fact that the digitizerjprinter had not been linked to the DECCA-indicator. During
an observation one observer read the DECCA positions (with a reliability ofO.05Iane)
and the time, the other observer had to record the complementary data (ship's name,
home port etc.). After the digitizerjprint had been installed, it was possible to fly with
one observer because he needed only to push a button to have the digitizerjprinter
record time and position.
After the observations had been concluded, once again a check was made by means of
the chart to see whether the positions observed were within the same track-area the
plane was in at the moment of observation.
The ship's name and home port were recorded in order to be able to add the following
ship's characteristics from Lloyd's Register of Ships:
-

exact determination of ship type
exact determination of the deadweight tonnage
the length between perpendiculars
the service speed
the call sign

Furthermore the following data were recorded per track:
windspeed, visibility, tidal current and flight duration.
The entire dataset was stored in the computer.

3.3

The tlight periods

The size of the area and the corresponding flying time determined the number of times
an area could be observed per day. Depending on the area's interest and the results of
the statistica1checks on accuracy, more flights could be added as needed.
F or example, in the seaward areas about 21 Oights were carried out, while in the coastal
areas 30 to 55 flights were made. In principle, the flights had to be carried out between
0600 and 1800 MET and were equally spread over the days ofthe week. This meant that
an area with a required flying time of three hours was flown at least 28 times, spread
over the 7 days ofthe week and with 4 flights per day. Ifthe results met with the desired
statistical accuracy, as described in paragraph 4.6, the analysis ofthe data could start.
Table I gives a survey of all required flights needed to analyse the shipping traffic in the
DCS.
In appendix 1 the flight areas have been listed. The following particulars are of
importance:
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Flight area

Date of
Ist flight

date
of last
flight

Total
no. of
flights

No. of
flights
cancelled

No.of*
flights
analysed

No. of flights
analysed per day of
the week

su mo tu we th fr sa
Goeree
Texel
Terschellingerroute
Diepwaterroute East
Diepwaterroute West
IJmuiden
South
IJmuiden
North
Sandettie
Brown Ridge
Texel West
Texel North
Terschelling
North
Dister
Disnes

03-07-75
04-07-75
02-07-75

31-07-77
12-09-77
\3-06-78

39
68
39

31
58
36

4
9
5

4
8
6

4
7
7

5 5
8 10
4 6

5
9
5

28-07-75

14-08-77

17

16

2

4

3

3

2

02-05-76

04-09-77

17

4

\3

2

06-09-75

16-11-77

46

2

44

6

7

7

6

24-03-76

10-11-77

46

3

43

6

6

6

\3-03-76
26-05-78
\2-10-77
12-10-77
03-10-78

20-10-77
14-12-78
26-08-78
16-09-78
10-12-79

45
23
24
25
29

3
2
3
4
8

42
21
21
21
21

6
3
3
3
2

6
3
3
3
3

08-03-79
13-04-79

20-08-79
12-07-79

22
26

22
25

5
5

3

466

414
52
(= 11,2%)

Total

Table I

8
10
3

2

3

6

6

6

6

6

7

6

6
3
3
3
4

6
3
3
3
3

6
3
3
3
4

6
3
3
3
2

6
3
3
3
3

2
2

2
4

2
4

4
5

4
4

3

I

4
7
3

61 58 58 57 62 62 56

Number of flights per area and per day of the week.

Texel area:

up to 1975 (28 flights) 4 track pattern.
Afterwards: 6 track pattern
Terschelling area: 2-7-'75 to 12-10-'75 (7 tlights)
2 track pattern
22-8-'75 to 4-10-'76 (3 tlights)
3 track pattern
1-9-'75 to 13-6-'78 (26 tlights)
4 track pattern
The varying number of tracks per area was needed to answer some questions which
arose after the investigation had started, as in the case of the Texel area, the
development of offshore activities.

*

Cancelled flights:

Flights which could not be completed because of weather circumstances, technical
failures or other urgent acitivities (like calamities). Also flights which could not be
processed because of incorrect data or incomplete data have been accounted for in
this summary.
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191
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Average no.
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a flight

74.8 34.9 36.3
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Average
<=
observation «l
....
'"
time
;::l
0
..s::
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Average
proceeding
time

Table 2

13.6 14.7 33.9 39.2 62.9 45.1

14.8 14.7 20.0 45.4 11.1 36.4

Observation times and the number of observed ships per area.

A survey of the observation times spent per area for the actually processed flights, is
given in Table 2. The number of ships observed is also included.

3.4

Area descriptions

In appendix 1 particulars are given concerning the location of the tlight areas, the
direction and size of the tracks and intersecting shipping-routes.
For all areas the general direction of the tracks is parallel to, or nearly parallel to the
main shipping-routes. The reason for this is that, during the observation flights, Iess
18

drastic changes in course have to be made, thus reducing the tatal observation time
within an area.
Because ofthis, the requirement that the observations have a 'momentary character' is
largely complied with. Considering that the main traffic flows are parallel to our coast,
it is obvious that the tracks in these areas are also parallel to the coast. Our main
concern was collecting information on the traffic flows near the Dutch ports, so that
the first flight areas were concentrated near the coast. These are called coastal areas as
described in paragraph 2 ofappendix I. In a later stage, from 1977 anwards, the further
offshore areas were included in the flight schemes. These are called outer areas (see
paragraph 2 of appendix I). In annex I all flight areas have been mapped.
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4

Accuracy

4.1

Introduction

In this chapter the accuracies of all the values observed are indicated. An important
aspect ofthe VONOVI-project is the accuracy with which the positions and courses of
the obsl.Tved ships have been recorded. The speed of the ships is also of importance.
When the observation data are used as input for statistical ca1culations, corrections
have to be made, depending among other things on the ship's speed. By means of a
number of calibration flights, comparisons with independently carried out radar
observations or corrections ofthe observed data, the values of these corrections could
be determined.
The following characteristics are dealt with (in this order):
-

position
course
speed
number of ships
statistical accuracy

When evaluating the results, the accuracies mentioned above should be taken into
account.

4.2

Position accuracy

The position is determined by a DECCA-receiver, type MARK 8A, installed in the
plane. In the whole VONOVI-observation area two DECCA-chains can be used. Viz.
the English 5B Chain for the area south of the parallel of 53° latitude, and the Frisian
Island 9B Chain for the area north of this parallel.
Initially, until december 1976 the DECCA-indicator was read by an observer. From
January 1977 onwards the records were taken automatically by means of a
digitizerjprinter.
On July 12 and 14, 1977, two calibration observation flights were carried out, the
objectives of which were:
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A The determination of the difference in the position-fix as derived from the plane
and the true position of the ship.
B The determination of the absolute position accuracy of the DECCA Mk 8A in a
plane operating at low altitude (100-200 feet).
C The determintion of the ditIerence in position-fix between the manually operated
method and the digitizerjprinter method.
o The determination of the difference in course as assessed from the plane and the
true ship's course (This objective is further specified in paragraph 4.3)
The observations were made by the same observers and pilots normally engaged in the
VONOVI observation flights.

4.2.1

The observation calibration flights

On the 12th of July 1977 flights were carried out around the tug 'Holland' (for objective
A) and above the Goeree light platform (for objective B). U se was made ofthe DECCA
5B Chain.
On the 14th of July 1977 another flight was carried out over the observation platform
Noordwijk (the former REM-television station) also using the DECCA 5B Chain.
Later that day the flight was continued over the drilling platform PENROD 67, west of
Texel, using the DECCA 9B Chain.
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Araund the vessel 'Holland', 64 runs were carried out (one run is the single approach to
a ship, taking her position and course by hand and/or by digitizer). Eight runs form one
cycle. In figure 3, the flying pattern during one cycle is presented. The numbers indicate
the order of the runs. From run I to run 4 both the manual and digitizer observation
methods were used, from run 5 to run 8 only the digitizer.
The heading of the vessel varied for each run. Per cycle the courses were within a sector
of 60°. Radio contact between plane and contral vessel ensured that, for both, the
position-fixes were taken at the same time.
Over the three fixed objects (light platform Goeree, the observation platform
Noordwijk and Penrod 67) 3 cycles were carried out for each object, resulting in a total
of 72 runs. Table 3 presents the collected data.
FIXED OBJECTS

MOVING OBJECT
NO. OF RUN

SURVEV VESSEL

1-4
up to and including

position

+ course

position

+ course

5-8
up to and including

Table 3

4.2.2

AIRPLANE
Hand
position
Digitizer
course
position
Digitizer
course

AIRPLANE
Hand
position
Digitizer

position Digitizer

Observation data for measuring position- and course accuracy.

Processing the observation data

The difference in the recorded DECCA co-ordinates between the plane, the survey
vessel and the fixed objects were calculated. In order to assess the position accuracy the
following processing methods have been carried out in first instance:
a the differences in the recorded red and green pattern were plotted against the
differences in angle between the flying direction and the pattern direction.
b the positon recorded in the plane was plotted against the vessel's position and against
the fixed object's position
c for the observatior:.s plane/vessel, the longitudinal and lateral distances fram the
positions recorded in the plane relative to the positions recorded at the vessel have
been determined.
These three processing methods did not result in clear conclusions. For this reason, it
was decided to make a frequency distribution of the absolute differences in DECCA
co-ordinates. Figures 5 and 6 present the results. It was possible using this method to
translate the average deviation found for flight areas or parts thereof into meters. For
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both the red and green DECCA curves the average deviation was plotted, resulting in a
so-called diamond-of-error. The size of this diamond-of-error depends on the angle
under which theTed and green DECCA curves cross. The diamond-of-error has been
constructed for severallocations. The results are presented in annex 2. The numbers in
the diamond-of-error are the lengths ofhalfthe longest diagonal. The lines indicate the
direction of the longest diagonal. In every other direction the error is less. The
following figure illustrates this.
decca pasition fix

red decca pattern
_ ___ green decca pattern
average position error

= 0.06 lane

--<@>- length in meters of half the longest
diagonal of the diamond of error

Figure 4.

Constructing the diamond of error.
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4.2.3

Frequency distribution of the differences in Decca co-ördinates between airpiane and fixed
objects.

Evaluation ofthe results

From the figures 5 and 6 it appears that the position recording by reading the
decometers is almost as accurate as by using the digitizer. The difference in accuracy is
3/1000 of a lane. This means that the position accuracy ofthe first observation flights is
ofthe same quality as the more recent observations which have been recorded by means
of the digitizer/printer unit. The average difference amounts to 0.06 lane for the
plane/vessel observation flight and 0.08 lane for the plane/fixed object observation
flight.

The average difference is higher for fixed objects than for the vessel. The cause of this
are deviations in the DECCA-pattèrn itself, Which influence the plane/fixed objects
observations, whereas they do not influence the plane vessel observations, because for
the latter the pattern deviations were equal for both. It is obvious that the amount of
the average position deviation is highly dependent on the DECCA-pattern on the spot.
The smaller the lane distances and the greater the angle of crossing, the smaller the
difference. Apart from an area directly to the west of the Dutch coast, the average
position error is always within a I kilometer margin.
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4.3

Accuracy in course

During the calibration flights for the position observations, the plane also recorded the
ship's heading. A total of64 runs were carried out in the pattern offigure 3 (paragraph
4.2.1). The differences in true course between the vessel and the plane were compared.
Figure 7 shows the results of the accuracy tests.
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average course deviation = 9°,9
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Frequency distribution of the absolute differences in course during the accuracy run.

The average recorded difference was 9.9 degrees while 8 percent turned out to have a
difference of over 20 degrees. During these tests it became evident that when the ship
was approached from the aft side, parallel with the ship's heading, the error in
determining the course was smallest.
Approaching the ship in this manner resulted in an average difference of only 4.5
degrees. This method has been used as much as possible throughout the VONOVI
programme.
During a few evaluations in the course ofthe VONOVI-project there were doubts as to
the originally intended accuracy of 10 degrees. The favourable test results did not
25

succeed in taking away these doubts completely. The evaluations of course accuracy as
carried out by third parties were spoiled by a number of essential mistakes. They did
not apply the proper selection criteria.
For this reason a number of ships have been selected from the VONOVI-file by the
N orth Sea Directorate. These ships had been observed twice or thrice during one flight.
The selection criteria were as follows:
- only position fixes with a relatively high position accuracy
- no ships in traffic separation schemes (because of a too high correlation with the
general direction of the shipping lane)
- no ships within a close distance to a port area or traffic junction
- positions should be at a considerable distance from each other
- a traffic situation of such a sort, that it can be assumed that the ship was not involved
in an collision avoidance manoeuvre between first and last observation.
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The differences in course as compared with the vector were assessed for the selected
ships. In this way, nearly a hundred differences could be determined. The results are
shown in figure 8.
The average difference amounted to 15.75 degrees, 26.3 percent turned out to have a
difference of over 20 degrees.
The results as mentioned above indicate an average error in course of about ten
degrees. It should be borne in mind, however, that a great deal oftraffic was sailing in a
T.S.S. or a buoyed route. In these T.S.S.'s the shipping traffic mainly follows the
recommended direction for the shipping lanes. It can be conc1uded from the above that
the average error in course practically corresponds with the initially intended 10
degrees.

4.4

Speed Accuracy

As has been stated in chapter 6, paragraph 2, the ship's speed forms an important part
ofthe obtained information. Among other things, the traffic flows are calculated with
them, so that erroneous input of ships' speeds results in incorrect traffic flows. The
purpose ofthe speed calibrating tests is to determine to what extent the observed speeds
vary from the service speeds listed in L1oyd's Register of Ships and to determine
whether these variations have such a magnitude, that the calculated traffic flows should
be corrected. In the shipping route north ofthe Wadden-islands five calibration flights
have been carried out for this purpose. The plane flew along the traffic lanes twice per
flight. From the two observed positions and the time-span elapsed the realized speed
was calculated. The results were corrected for the tidal current. This route was most
suited for these tests because it is relatively long, and therefore a great number of ships
can be observed twice. Furthermore it is a straight route, so that the ships do not have
to make course alterations (in principle). Finally the position accuracy in this route is
very high. A total of 87 route-committed ships have been observed twice, 5 of these
were not inc1uded in the analysis because it was apparent from the positions and
courses that the ships had changed course. Of the remaining ships 34 (or 41 ~~) was
eastbound and 48 (or 50 %) westbound.
The observed ships have been divided into 5 speedgroups (using Lloyd's service
speeds), viz.:
I
II
III

IV
V

0 - 10.0 knots
10 -12.5knots
12.5-15.0 knots
15.0-20.0 knots
> 20.0
knots

The results are shown in Table 4 and Figure 9.
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The speed of ships is influenced by a number of factors, such as their sailing condition,
slow-speeding (for reasons offuel-economy or an agreed E.T.A.), tidal stream etc. The
results as presented have been corrected for the tidal stream. Whether the ships adapted
their speeds for reasons of economy is unknown.
During the test flights the weather conditions were as follows:
flight
flight
flight
flight
flight

1: wind:
2: wind:
3: wind:
4: wind:
5: wind:

NW 5
WSW 5-6
SW 6
W7
NNW 5

visibility: good
visibility: good
visibility: good
visibility: good
visibility: good

When we take the prevailing heavy westerly winds into consideration, it is obvious that
the westbound ships show a apparent reduced speed. F or the slow ships - in general the
smaller ones - the percentual differences in speed are somewhat greater than for the fast
ships. The wind during the test flights was more forceful then during an 'average
observation flight'. Therefore it can be assumend that the average difference in speed
for the average observation flight is considerably less than that resulting from the test
flights, viz. 19.83 %'
The absolute difference in speed will vary from 15 to 20 percent.
The calculated traffic flows have not been corrected for the effect of differences in
observed and service speeds. The errors resulting from this correspond with the
difference in speed mentioned above.

4.5

The number of ships

One has to differentiate between:
a the number of observed ships per flight
b the calculated traffic flows - the number of ships per day
Part a. will be analysed in paragraph 4.6. Herein the accuracy of the eventuallY
presented numbers - after all checks and corrections - is discussed in detail.
For thirteen traffic flows ofroute-committed traffic a comparison has been made with
the results of radar observations within the same areas. These radar observations in the
corresponding area have also been carried out by the North Sea Directorate.
Recording was continuous each time, with observation perioès varying from 5 to over
20 days.
These comparisons have been summarized in Table 5. The average difference amounts
to 20 %' This means that the results of the aerial observations are 20 % too high (on the
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No. of ships a day
Area of
observation

Route

Terschellinger
route
South of the
Texellightvessel

Deviation in
percentage
related to
radar 0 bservations

airreconnaissance

radar observations

Eastbound

59

54-60

NHR-Texel
Texel-NHR
W'Scheide
-Texel
M. Center
W'Schelde
TexelM. Center
Texel-IJmuiden

19
24

13.6
20

+40
+20

41

30.7

+34

38

26.1

+46

4.2

+12

4.7

0

Roads of Hook of
Holland

M. Center-NHR
NHR-M. Center

42
54

48.7
55.2

-14

West of Scheveningen

M. Center-Texel
Texel-M. Center
NHR-IJmuiden
vv
W'Schelde-Sandettie
SandettieW'Schelde

25
20

24
22.6

+ 4
-12

13

8.2

+58

31

27.1

+14

34

34.7

- 2

Average
Table 5

- I

20%
Comparison of results between !light- and radar observations.

average). This discrepancy practically coincides with the already found speed
differences. Though there are a number of differences between both methods, the
differences indicate the accuracy of the aerial observation method. In this manner an
estimation of the accuracy of the results of the aerial observation is obtained.
The differences are largest for low intensity traffic flows and for routes where there are
neither traffic separation schemes nor buoys.
Table 6 summarizes the average differences In traffic flow intensities between
radarjaerial observations (see next page).
It should again be noted that the accuracies mentioned above apply to routecommitted traffic only.
This means that for a large group of ships which, their use considered, belong to the
same category, when differentiating a group within this category, the same accuracies
will not hold in all cases.
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Intensity
in no. of ships a day

average
deviation

0-10
11- 20

35%
30%
20%
5%

21 - 40

;;, 41
Table 6

The average deviation from the calculated traffic f10ws by their intensity.

The accuracy of the observations of non-route-committed traffic is hard to quantify.
By determining the running average (see paragraph 4.6) it is investigated whether the
data is suited for statistical processing.

4.6

StatisticaI accuracy

Because the plane remains for a certain time within one area (varying from 1.1 to 3.6
hours) we can not really speak of a momentary recording in the strict theoretical sense
ofthe word. Within the time the plane needs to observe all ships, a number of ships will
have left the area, while others will have entered it. Figure 10 illustrates this.
The figure consists of a schematized area, which is subdivided into 4 tracks and which is
flown in the indicated pattern, starting with the right hand track. A ship which crosses
the area from left to right will not be observed when it enters a track shortly after the
plane has passed the place of entry. A ship which sails from right to left, however, will

~

~

--

1 -

ship B

ship A

1 1 1

-1
d:

~

Figure 10. The flying pattern during the flights.
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have a large chance of being spotted more than once. It is assumed that on the average
as many ships are missed as there are ships counted more times. In ather words, the
result of the effect is neutralized; on the one hand by f1ying an area in a changing
pattern and on the other hand by the law of large numbers.
It is important to know how many flights should be made in an area to obtain sufficient
statistical accuracy for the observation results. A simple method is that ofthe so-called
running average. After each flight the mathematical average of the number of ships is
recorded and plotted in a graph. If the curve constructed in this manner - the average
number of ships - is constant, then the number of f1ights was sufticient to be able to
name this areliabIe impression. This exercise is repeated for special ship categories.
Furthermore an imaginary flight was added afterwards. The number of ships allotted
to this 'extra' f1ight is the average plus double the standard deviation. Then, again, the
mathematical average was calculated. The difference between both averages is
expressed as a percentage ofthe true average. When the average changes no more than
2 per cent, it is assumed that the data are statistically reliable. For all areas the running
average graphs are presented in annex 3, also stating the percentuaI differences.
The operational use was found in determining the running average for the routecommitted and non-route-committed traffic. A division gives better and more correct
information. Also there was a subdivision in port areas. It appears from this subdivison
that the route-committed traffic - within the flight areas and parts thereof - for a large
part comply with the defined statistical accuracy. For a number of areas outside
the coastal zone (i.e. to 40 nautical miles offshore) the running average is constant, yet
the percentual difference is over 2 percent when the extra flight is added. This can be
explained by the lower number of f1ights and the inf1uence of non-route-committed
traffic.
The non-route-committed traftic is characterized by a larger difference (5 % on the
average), which is affirmed by the running averages. In the coastal zone the percentual
difference is acceptable, viz. 3.2/;,. These results justify further data processing. For the
route-committed traffic a number of route parameters are known. For 5 categories of
ships (yet to be detined) density maps have been drawn. Though in three of these
categories the above method was not applied, it can be assumed that the accuracy is
sufficient in order to provide the data in its present form.
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5

5.1

Processing

Introduction

There are a large number of steps between collecting the data and presenting the
results. When we look at the main items only, the following flowchart can be made:
Collecting data
Administrative
processing
Analysis
Results
Figure 11. Flowchart: from observation to result.

The phases of collecting data, analysing and results are dealt with in the chapters 3,6
and 7 resp. The administrative processing is highlighted in this chapter, with a division
according to method - by hand or automatically. When we consider the size of the
data-file it is evident that processing and analysing all data by hand is impossible. This
chapter explains the adaptations and additions that were considered desirabie or
necessary during the project - especially during the analysis-phase. This need arose on
the one hand from questions afterwards, on the other hand from a need to, for example,
use a more consistent and thus more uniform ship type-division.
Also a start was made in writing a number of check programmes on the correctness of
the input, emphasizing the relationship between type and tonnage.
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Figure 12. Example of an observation form.
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Figure 13. Example of a platting sheet.

W 5 VIS 10 STR 270 0.5

5.2

Manual processing

Before the recQrded data (see figure 12) could be used as computer input a number of
steps had to be carried out by hand. By means of the ship's name the folowing ship
characteristics were added from Lloyd's Register of Ships:
- type
- deadweight tonnage
- service speed
- length between perpendiculars
- call sign
Because developments in the nautical field and especially the growing number of ship
types is a constant process, the number of and the ship types themselves varied.
In 1978, the ship type division was linked to the system as used in Lloyd's Register of
Ships, so as to be able to give a specific code to each of the 80 ship types. Table 7 shows
the codes used and the type description.
For each flight a number of meteorological data was gathered, such as:
- direction and force of the wind
- visibility
- direction and force of tidal stream.
These data have not been used in the analysis. They have been stored for use in other
studies. Together with the so-called flight data: time of observation, ship's name,
position, course and sailing condition, as described in paragraph 3.2., a punch concept
is made per flight and per area. This punch concept marks the beginning of the
automatic processing (see figure 14). After the flight data were read by the computer a
plotting sheet was made (see also paragraph 5.3.1.3). On this sheet the tracks, positions,
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Figure 14. Example of a punch concept.
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Non route-committed traff'ic

Route-commited traffic
BULKCARRIERS (unidentified)
Ore carrier
Ore/oil tanker (OBO)
Other bulkcarriers
Bulkcarrier < 75 meter

BG
BE
TE
BC
KK

FISHING VESSELS (unidentified)
Fishing vessel (trawler, side net, shrimps)
Fish carrier
Amateur fishing vessel
Fi~h factory ship
Fishing research-hosp./churchship

TANKERS (unidentified)
Oiltanker ~ 75 meter
Oiltanker < 75 meter
Oil chemical tanker ~ 75 meter
Oil chemical tanker < 75 meter
Chemical tanker ~ 75 meter
Chemical tanker < 75 meter
Gastanker ~ 75 meter
Gastanker < 75 meter
Winetanker

TT
TO
KO
TB
KB
TC
KC
TG
KG
TW

WORKING SHIPS (unidentified)
Craneship, drillships, pipelaying vessels
cable laying ship, floating sheerleg
Waste incinerator ship
Pontoon
Dredger
Hydrographic survey ship
survey ship, weathership
Patrol vessel (navy), lighthousetender
patrol vessel (no navy)

CONTAINERSHIPS (unidentified)
Containership < 75 meter
Containership ~ 75 meter ~ 160 cont.
Containership ~ 75 meter ~ 500 cont.
Containership ~ 800 cont.
Containership ~ 1300 cont.
Containership ~ 1800 cont.
Containership ~ 2500 cont.
Containership > 2500 cont.

CC
CA
CK
CF
CS
CM
CL
CV
CU

NAVY VESSELS
Big fighting-ships (> 1.500 ton)
(cruiser, destroyer)
Small fighting ships (~ 1.500 ton)
(frigates)
Aircraft carrier
Submarine
Mine sweeper, -hunter
Navy patrol vessel
Navy tugboat
Supply vesseljtroopship

MF
MK
MS
MV
MP
MT
MA

GENERAL CARGO SHIPS (unidentified)
Freighter ~ 75 meter
Freighter < 75 meter
River vessel
Training vessel merchant navy
Car carrier
RORO + containers
RORO without passengers
RORO with passengers

GG
GS
KK
GB
GO
GR
GC
GR
GP

SERVICE SHIPS (unidentified)
Lifeboat
Tugboat/icebreaker (no tow)
Supply vessel
Tow with pontoon
Tow with ship
Tow with rig

SP
SR
ST
SS
SA
SB
SC

BARG~ CARRIERS (unidentified)
Barge carriers

LL
LK

PILOTBOATS
Pilottender
Pilottender

PT
PA

PASSENGER SHIPS (unidentified)
Passengership
Hovercraft, hydrofoil
Ferry (pass. no roro)

PP Recreation ships (yacht etc.)
PS
HC
GF

(Converted to 20 feet containers)

Table 7
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Summary of ship types and their codes.

VV

VL
VC
VS
VF
VO
WM
WA
WB
WC
WD
WG
WW

MD

Ml

courses and the sequential numbers ofthe observed ships are recorded (see figure 13).
There is a check on the plotted position and, if needed and possible, a correction is
added to the. position.

5.3

Automatic processing

In the automatic processing of the observation flight-data, one can differentiate
between two processing systems:
1. processing data from one flight
2. processing data from a number of flights

T
fllght
data

8

eJ

Q temporary
file ondisk

Q

Q permanent
file ondisk

rr==JJ

tape

programme

Figure 15. Flowchart VüNüVI-II, 12, 13 and 14.
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For each processing system there are two programme configurations, VüNüVI-10
and VüNüVI-20. A programme configuration may consist of severa1 programmes.
The reasons for this are:
- accessibility
- clarity of arrangement
- the use of third parties' programmes.

5.3.1

Processing the data from a single flight.

A detai1ed flowchart of this processing system is presented in figure 15. The punch
concept is punched on cards by the DIENST INFüRMATIE VERWERKING (Data
Processing Division) of Rijkswaterstaat and read by a computer. Then the flight data
are put in a temporary file and checked for typing errors and misplaced digits. This
temporarily file is added to an already existing data file of a flight area by means of a
programme configuration, called VüNüVI-10 consisting of 4 specially designed
programme-modules. By means ofVüNüVI-10, the data of one observation flight is

F light

data

onpunc: h~d c:ards

t~mporary

VONOVI

Figure 16. Flow chart VüNüVI-IO.
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10

fll~

added to the file of an area and a plotting tape made of the flight in question. This
procedure is p~esented schematically below.
VüNüVI-IO consists ofthe following programme-modules: VONüVI-I 1, VONüVI12, VüNOVI-13 and VONOVI-14.
These programmes are described in short in the following subparagraphs.

5.3.1.1

VONOVI-ll

The temporary file ofthe flight data is processed by VüNOVI-11 so as to create two
other temporary files, which are used as input for the programmes VüNüVI-12 and
VONüVI-13. VONüVI-11 is able to translate DECCA-co-ordinates into absolute-coordinates. Also the programme recognizes the type of co-ordinate (either zone- or
absolute-) used as input. Absolute co-ordinates determine the specific position within a
chain, as opposed to zone-co-ordinates.
In one temporary file the absolute DECCA-co-ordinates of the observed ships'
positions are stored together with the respective transmitter data of the DECCA
Chains 5b and 9b. Adding the transmitter data ofthe DECCA Chains used is needed to
enable the translation of the DECCA-co-ordinates into UTM-co-ordinates later on.
These UTM-co-ordinates are used in the permanent file. The following data are stored
in the second temporary file per observed ship:
I the sequentiaI number of the ship
2 the date
3 the time of observation
4 first absolute DECCA-co-ordinate
5 second absolute DECCA-co-ordinate
6 the plane's heading
7 the flight number
8 the flight area's number
9 the ship's course
10 the ship's sailing condition
11 the ship type
12 the ship's tonnage code
13 the length between perpendiculars of the ship
14 ship's speed
15 ship's name
16 the ship's call sign
Limitations:
- the absence of automatic contraI of the correctness of the data
- positions other than those found by using the chains 2E, 5B or 9B cannot be used
- a chain shift during a flight can only occur twice.
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A chain shift means changing, for example, from chain 2E to 9B. When the DECCA
- to UTM - co-ordinates translation is made, there is a limit of 150 positions per
calculation. Because there is a possibility of a twin chain-shift, a maximum of 450 ships
can be dealt with. The last two limitations are of minor importance because:
- the Dutch part of the continental shelf is covered entirely by chains Sb and 9b.
- it appeared that there were never more than 2 chainshifts per tlight area
- there were no tlights with over 150 ships observed (the maximum was 117).
Some data were checked visual1y. This meant that, for instance, the position, type,
tonnage and speed were checked as to the probability ofthe relationship between type
and ship particulars. If an analysis of a smalI, very select, ship group had to be made, it
was evident that not being able to control the parameters automatically was a
disadvantage. At the end of 1978 this resulted in the formulation of criteria by means of
which error checks could be carried out.
Criteria were drafted for the following relationships:
- description L1oyd's Register of Ships - ship type
- ship type
- ship's tonnage
- ship type
- ship's length
- ship type
- ship's draught
These results were the basis for writing a new programme for testing the flight data
input.

5.3.1.2

VûNûVI-12

The programme-module VüNüVI-12 prepares a start procedure to enable translating
DECCA-into UTM-co-ordinates. The start procedure has to take care of the proper
linking to the TRANS-programme. Then the TRANS-output is adapted to function as
input for VüNüVI-13. TRANS is a production programme of the Meetkundige
Dienst (Geodetic Survey Dept.) of Rijkswaterstaat.

5.3.1.3

VûNûVI-13

The output of the programme-module VüNüVI-ll, in which all data are stored per
observed ship, and the output of the TRANS-programme, in which the UTM-coordinates are stored, function as input for the VüNüVI-13 programme. VüNüVI-13
remodels the UTM-co-ordinates so that a plotting sheet can be properly made. For this
purpose, the programme DRAW of the Geodetic Survey Department is available.
Besides the temporary file of one single flight with, among other things, the UTM-coordinates of the ships (the results of VüNüVI-13), this programme also uses a
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permanent file with the grid data ofthe !light areas and buoys and a tape with data over
the coastline and the geographical co-ordinates. Using these three files as input, the
programme regults in a plotting tape as output. By means ofthis tape a plotting-sheet is
made of one single !light, with the positions of the observed ships. The positions are
marked by an asterix (*) and the ship's heading by an arrow( ---+).
There is also output in the form of a temporary file in which the flight data have been
combined with the related UTM-co-ordinates.

5.3.1.4

VONOVI-14

By means ofthe VONOVI-14 programme a file (on tape) with a number of!lights per
area is copied and combined with the data of a new flight with UTM-co-ordinates. The
result is a complemented file. The tape with the old file can afterwards be used for other
purposes.

5.3.2

The analysis ofa number ofjlights

VONOVI-2ü is the name for a number of programme configurations. Of these,
VONOVI-21 is the statistical processing programme. The programme can provide a
number of statistica1 tabulations and a plotting sheet containing the data from a
number of !lights.
By means of computer-input statements one can select the required output. These
statements are listed in short below. A more detailed description is given in Appendix 3
and examples of all output possibilities have been included therein.
The computer input statements for VONOVI-2l are:
I. Specification of the period over which the statistical tabulations arc desired.
2. Specification of the !light area on which one desires information.
3. Specification ofthe number and the types ofships on which one desires information.
4. Specification of the number and size of the tonnage-groups on which one desires
information.
5. Specification of the course sectors on which anc desires information.
6. Specification of the part of the flight area on which one desires information.
7. Specification of the plotting sheet options for the area.
8. Specification of the required statistical tabulation.

5.3.3

Limitations inherent in automatic processing

The automatic processing and analysis method as used has some limitations. Ir the
VONOVI-programmes are rewritten, these limitations will be removed.
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1. The area of interest can only he chosen as a rectangle. Presenting and analysing the
data in an other than rectangular form is not as yet possible.
2. A ship with an unknown speed is alloted the value 'one' when calculating the traffic
f1ows. It would he better to allot the average speed to these ships. The accuracy ofthe
calculated traffic f10ws would improve.
The limitations mentioned above have no inf1uence on the presented picture of the
shipping traffic as a whoie. In detailed processing they need to be taken into account,
however.

42

6

The analysis

6.1

Introduction

This chapter describes the methods used to identify, calculate and construct the routes,
and the method of composing the density maps.
As a consequence oflimitations in the data file - the inconsistent allocation ofship type
codes to ship types and the absence of specific checks on the data - six ship-categories
of such a large size have been used that the effect of these Iimitations can be ignored. A
number of characteristic route parameters have been calculated for traffic. Density
maps have been made for the six categories of ships.

6.2

Routes

This paragraph describes the method for determining where the route-committed
traffic routes are and how wide they are. This is visualized in Figure 17 in a number of
illustrations.
The computer-made plotting sheets of the route-committed traffic in all tlight areas.
These plotting sheets form the starting point for further calculations.
Furthermore, course distributions, in squares of 10 x 10 kilometres, have been made
for each area by the computer. (See illustration 1). This means that, for each square, the
number of ships is calculated which pass within course sectors of 10 degrees.
By comparison of the traffic visualized in this manner in one square with that in the
neighbouring squares, one gets an indication of where the routes are located and of
their direction. (See illustration 2).
The results are always compared with the plotting sheets. Very small numbers of ships
which have a more or less common direction and could possibly farm a route are also
included. A route in this sense is considered to be a stretch sailed by several ships in
nearly parallel tracks.
The general direction of a certain ship group which possibly forms a route is assessed.
Parallel with this direction a square is drawn around this ship group. The width ofthis
square is such that all ships are precisely within it. The length is taken as long as
possible, and then subdivided again, depending on the available length and the number
of ships, into shorter or longer 'part-squares'.
Each part-square is subdivided again lengthwise into strips of, for example, 2
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kilometres width (see illustration 3). For each strip in every part-square the number of
ships passing (F) per hour per kilometre-width is calculated by the computer, by means
of the following formula:
Traffic flow F = density D x average service speed =

= number of ships per hour per kilometre-width

x 1000.

The density is calculated by the following formula:
· D = Ns x 1000 = no. 0 f sh'IpS k'm 2 x 1000
denslty
Nf x Ar

Ns = the number of observed ships per part-square
Nf = the number of flights per flight-area
Ar = area of the part-square in square kilometres
1000 = multiplier, in order to make smaller numbers perceptible.

In a momentary record, one ship in a certain part-square will also represent the value I
in the number of observed ships. As aresuIt ofthe observation method used, the survey
of an area, and therefore of a part-square as weil, is not equal to a momentary record of
the area or part-square.
As a result of this, one ship should not always be represented by a value of I in the
number of observed ships per part-square. This value will slightly vary around I,
depending on the flying direction within a part-square, the flying speed, the flying
direction and the ship's course and speed. When, for example, the plane's course
coincides with the direction of a slow traffic flow, less ships will be observed than when
flying in a direction opposite to the traffic flow.
For this reason the numbers ofships have to be corrected. Each ship is multiplied by the
following correction factor (C):
C =

Sf
,in wh'IC h
Sf - Ss . cos (c - h)

Sf = Flying speed
Ss = Service speed
c = Ship's course
h = Plane's heading
Ships with an unknown speed, are allotted the value 1.

In distinguishing the routes, the ships in each stretch are distributed in 12 sectors by
means of their course. By varying the middle of the sector in steps of 10 degrees to the
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!eft and to tOO right, the traffic flow can be calculated for each part-area. These values
are plotted, after which a smooth curve is drawn through the plotted values.
The direction in which this curve reaches its highest value is considered to be the main
direction ofthe route. (See illustration 4). The value ofthe traffic flow at its maximum is
used to calculate the number of ships per day in the route. When the resulting main
direction differs considerably from the direction of the square initially drawn, a new
square has to be chosen in such a manner that it is parallel to the resulting new main
direction and still contains all ships. The calculations are repeated for this new square.
For each part-area the number of ships which pass through that area per day is
calculated, with the formula:
Number of ships per day = total of the traffic flow in all stretches* x 24
Per part-area the average ofthe traffic flow is calculated on a line perpendicular to the
main direction. Lastly, the standard deviation from the traffic flows is calculated for
each part-area. The route-widths are considered to be twice the standard deviation
from the middle of the route to each side (so the total width is 4 times the standard
deviation). (See illustration 5). Of the traffic in a route 95.44 ~I" falls within the
calculated boundaries of this route.
6.2.1

Route-intensities

After calculating the route intensities, the calculated data have to be interpreted. In the
parts of a specific route different numbers of ships are found. Especially in long routes
with little traffic (deepwater-route, route Terschellingerbank-Scandinavia) the
calculated values per part-area vary a great deal (sometimes over a 100 %).
In short routes with a great deal of shipping (Terschellingerroute, route SandettieNoord Hinder) these differences are considerably Iess (up to 20 %). Per route the
averages ofthe parts are determined as accurately as now possible. When the resulting
differences were too great, the route-intensity of all parts was determined again. Lastly,
the number of ships in the separate routes were compared and, if needed, adapted to
each other. The route-width as calculated by the standard deviation formula is
sometimes rather wide (up to 14 km.). In the annexes 6 and 7 the routes are presented
with their actual width. Furthermore, the routes have been shown in the appendices as
well-ordered and as having narrower lanes for reasons oflegibility. The middle ofthe
lanes need not always be the actual middle as originally calculated.
6.2.2

Distribution ofships over the width ofa route

In order to show how route-committed traffic sailing in a particular route is distributed
*

Only in that sector parallel with the main direction.
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over the routc-w;dti'
lss-sections are given for a number of main routes.
Therefore OT,<, '
,.ts are selected per main route. The location of these was such
that the re' l'
i,' Idisturbed by other traffic (such as converging routes). The
r"~' day passing through this part-area is set at a 100 %' In the
total number 0"
a width of I km each and parallel with the route direction) the
separate tfad,;
calculated number of ships per day is again calculated as a percentage of the tota!.
The results of these calculations are presented in graphs (see Annex 8). Both
complementary courses of one route are presented in one graph (from up to down and
from left to right). The width ofthe parts (and thus the 'width' ofthe graph) is not the
same as the calculated route-width within which 95.44 %ofthe route-committed traffic
is located.

6.3

Densities

The density maps have been prepared to show where concentrations of shipping traffic
are and what their size is within the area investigated. By comparing these density
values one gets a relative impression. Furthermore, by dividing the shipping traffic in
categories and mapping these separately, it is possible to assess the share of each
category as compared with the densities ofthe total shipping traffic (for this, see the 'All
Traffic' map). The density (= the average number of ships at the same time within a
unit area) is given in numbers of ships per 1000 km 2 . One has to take into account,
however, that the absolute accuracy of the maps is limited, especially for those shipcategories with a small number of ships as compared to the total number of observed
ships (for example the category 'Fishing trade').
To a certain extent this holds for route-committed ships under and over 3000 GRT
also, because in certain routes a smaller number of ships is concentrated. It is feit that
the importance ofthese density maps is especially in the interrelation between areas and
different categories of ship types.
Because there is an overlap of some ofthe flight areas, the data file has been adapted so
that only one unique density resulted for the overlap area. In order to obtain a density
map from the VONOVI-data, a grid was placed over the entire area, in the first instance
with squares of 10 x 10 kilometre. It became evident however, that the resolution of
the grid was not high enough due to the sizes of the squares. As a result of this, the
differences in density as observed could not be identified. From a test with a grid of
5 x 5 kilometre squares for the Goeree flight area, it appeared that the above limitation
was not present. So the 5 x 5 kilometre squares were used for the whole observation
area.
Density maps have been drawn for six categories of shipping traffic, i.e.:
- all traffic
- route-committed traffic
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-

route-committed traffic < 3000 GRT
route-committed traffic > 3000 GRT
random traffic
fishing trade

The density of each square of the grid was calculated afterwards, with the formula:
Density

=

0

=

Ns x 1000
f
N x Ar

=

number of ships per Km l x 1000.

in which:
Ns = number of observed ships within the grid compartment
Nf = Number of flights in the flight-area in question
Ar = surface of a square in km l
The results obtained were mapped per category and divided into a number of density
classes, each with their own colour. Then all squares with the same density class were
taken together. For a number of areas this method did not produce unique results (for
example because of the presence of high and low classes in an irregular pattern).
If so, a second grid was used for this area (also with squares of 5 x 5 kilometres). This
second grid was rotated a few degrees as compared to the original grid. This method
was used among other things for determining the density flow differences in the area of
the 'Hook of Holland'.
By means of the plotting sheets of the areas, it was also investigated whether such an
irregular pattern was explicabie.
In those areas for which it could be assumed that there was a route, and in the areas with
traffic separation schemes, an extra grid was used for the route respectively T.S.S. to
see if the higher density classes clearly showed themselves. This method has been used
for the Terschellinger route among others.
The maps drawn using this method appeared to have very irregular density patterns
and were hard to read (especially for the first four classes). For reasons oflegibility the
class limits have been 'adapted', so that areas resulted with a more or less regular form.
The adaptation was done in the following manner:
a. neighbouring exuemes were equalized ifthey were inexplicabie. This means that the
value of one ofthe extremes was diminished, or that both values were smoothed. A
combination of these two possibilities was also used.
b. Relatively small areas, the class ofwhich was one value over or under the ciass ofthe
surrounding area, were included in the larger area.
6.4

Limitations inherent in determining routes by aerial observations

Ships for which the course differs more than 15 degrees from the main direction of a
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route are not allotted to this route. For a number of ships this decision will not be
justified. The reason for this difference can be:
keeping clear of other ships, allowing for wind or current, observational errors,
disadvantageous difference between the middle of the sector used and the real route
direction, or a combination of these factors. On the average, the factors mentioned
above will not importantly alter the calculated route intensities and/or the route
widths, because it is to be expected that no systematic error results from them.
Iftwo routes converge or cross, ships can be included in both routes if, coincidentally,
the main directions of these routes differ 15 degrees or less.
By means ofthe course and position on the plotting sheets an estimation can be made of
the route to which the ship belongs, but it is impossible to exclude certain ships from the
computer calculations. As a result of this, in certain cases there will be too high a
number of ships calculated.
Furthermore, it is not always cIear where the boundaries of the separate routes are. It
was decided therefore to exclude these areas from intensity-calculations, but to use the
data for composing density maps only. A part of the total number of observed ships is
not included in any route, as a result of an obvious position error or because the sailed
route was not identifiabie (because it was too wide or had a very low intensity). In many
cases this occurs in an area which is already crossed by a number of other routes, the
result being that a number of smaller routes went unnoticed.
It is also possible that ships appear outside of their initial route for one reason or
another. These ships obviously form no part of any route and have been excluded from
the calculations.
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7

The results

7.1

Introduction

Besides a general introduction this chapter presents the most important results. It has
already been stated in the opening introduction that this report aims at drawing up an
inventory and that therefore conclusions over the safety of the shipping traffic on the
North Sea, the regulation of the traffic etc. are not included. In follow-up studies these
aspects wil! be analyzed according to their specific requirements by means of these
results. The results are presented with complementary comments where needed, in
order to increase the legibility and to improve the accessibility of the results. Often
there is more detailed information available. Discussion ofthis is not necessary and is
in part superfluous, because reporting already took place or will take place in a number
of notes and reports. The results presented in this report aim at presenting an overal!
and yet highly complete image of the shipping traffic on the Dutch part of thè
continental shelf.
From 1975 to 1980 a total of 414 observation flights were carried out in 13 separate
tlight areas. Roughly, this resulted in the following data:

No. of
flights

414

Table 8

Total
flying time

1324 hours

No. of observed ships.
routecommitted

non-route
committeci

total

8000

7000

15000

The number of flights and the number of observed ships.

In table 2 of paragraph 3.3 an extensive summary is presented of the numbers of
observed ships per tlight area and the respective observation tlight times. The number
of observation tlights varied per area from 21 to 58, depending on the size ofthe area,
its interest and the statistical reliability of the collected data. The results can be
classified in 3 groups, viz:
- route data
- traffic composition
- densities
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Routes
We speak ofa route if, within an area, a certain concentration ofships sails in the same
direction over same distance. The method as discussed in paragraph 6.2 was used to
determine where such routes are located, how the ships are distributed over their width
and how wide these routes are.
Composition
The ships have been distributed over a number of categories. Within the categories a
subdivision is made according to ship type and size. Histograms have been composed
for the main and secondary routes, showing the share of the different ship categories. A
division is made between large and small ships in these routes; the boundary between
large and small ships was chosen at 3000 tons deadweight.
Densities
The densities of all flight areas have been determined. (Density has been defined as the
average number of ships at the same time in a unit area at a given location). By
amalgamating the areas and classifying the densities, a map was composed, presenting
the high-, medium- and low density areas.

7.2
7.2.1

Route data
In general

In the entire area three sorts of traffic patterns can be distinguished:
- routes
- weaving areas
- relatively low-density areas
In this paragraph a survey is given ofthe most important routes in the area, the routewidths and their intensities. It also presents the weaving areas (areas where routes cross
or converge) and the relatively quiet low-density areas inbetween the routes. A
distribution of ships over the route widths is given for the routes with the highest
intensity.
The route intensities are not presented in absolute numbers. This means that the
numbers only indicate the size class of the respective routes. In order to be able to
supply a complete picture ofthe shipping traffic in the North Sea the numbers ofships
per day in the different routes have been harmonized. This was done by mutual
comparison of the route intensities and by comparison with North Sea port data and
other data available on the North Sea shipping traffic. In this manner it was possible to
determine to what degree, and in which direction, the calculated numbers had to be
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rounded off. The principle always was that a complete picture had to be presented
enabling evaluation of the route structures. The table of accuracy (tabIe 6) on route
intensities, as presented in paragraph 4.5 is applicabIe. This table is repeated here:
intensity
in no. of ships a day

average
deviation

0-10
11-20
21-40

35%
30%
20%
5%

~41

The average deviation from the calculated traffic f10ws by their intensity.

7.2.2

Main and secondary routes

By means of the calculated numbers the routes have been divided into main and
secondary routes. The boundary for this division was that the route should have
over/under 30 ships per day (as a total of both directions). These routes have been
schematized in appendices 4 and 5 stating the number of ships per day (in each
direction).
Apart from the routes as presented, there are a number ofless important routes which
have not been incIuded in this survey. Most of these routes are very wide and the ships
do not appear to have a common destination. The daily average of this last group is 6
ships per day as a maximum.

7.2.2.1

INTENSITY

The main routes are nearly all located near the coast. The three busiest routes are
- the Terschellingerroute*;
121 ships per day v.v.
- the route Texel-Terschellingerbank*; 113 ships per day v.v.
- the route Noord Hinder-Sandettie;
105 ships per day v.v.
Near the Sandettie Lightvessel, where the Scheldt shipping traffic meets the Noord
Hinder traffic, the average has a maximum of 169 ships. The Goeree traffic separation
scheme is less busy, with 86 ships per day.
Then there are six other main routes with averages from 32 to 65 ships per day, viz.:
- the route from Sandettie to the Scheldt v.v.
- the route through the Oostgat to the Scheldt v.v.
- the route from Noord Hinder to Texel v.v.

*

traffic in the inshore traffic zone excluded.
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- the route from Steenbank pilot station to Texel v.v.
- the route from Maas Center to Texel v.v.
- the route from Noord Hinder to Maas Centre v.v.
All other routes have less than 30 ships per day (in both directions).

7.2.2.2

ROUTE-WIDTH

In the appendices 6 and 7 an outline is presented ofthe routes as they have been found.
This means that 95 % ofthe ships sailing a specific route, are indeed located within the
boundaries as presented herein. Not for all places could the exact location and width of
the route be determined. No values are alloted to these places, so that blank spaces
occur in the appendices. In part of the western deepwaterroute so few ships have been
observed sailing in Northerly and Easterly directions, that no routewidth can be
determined. In the appendix, the route is represented by a dotted line.
When we compare the routes of the two appendices it is apparent that the outward
bound and homeward bound routes practically coincide. An exception to this, of
course, farm the routes with the traffic separated over the entire length, and 4 other
routes, viz.:
Noord Hinder - Texel v.v.
Maas Centre - Texel v.v.
Texel - Terschellingerbank v.v.
Terschellingerbank - Humber district v.v.
For theser routes, it was evident that both outward and inward bound traffic kept to
the right-hand side of the route.

7.2.2.3

DISTRIBUTION OF SHIPS OVER THE ROUTE-WIDTHS

In appendix 8 cross-sections are given of the most important main routes. The
conc1usion to be drawn from the different cross-sections is, that by means of the
distribution of frequency of the route-committed traffic over the width of the route, 3
groups can be c1early distinguished, viz.
A a route regulated by a Traffic Separation Scheme (e.g. Route Sandettie Noord Hinder, Terschellingerroute)
In these routes the route-committed traffic keeps to the obligatory lanes. Only
I or 2 percent sail in the direction opposite to the obligatory direction. Except
for the inshore traffic zone of the Terschellingerroute, all traffic sails within
the TSS and not outside.
B A route in between two traffic separation schemes (Noord Hinder - Maas
Center, Texel - Terschellingerbank). The influence of traffic separation
schemes is still c1early noticeable. Only about 10 % of the ships sails in a
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direction opposite to the general direction (when keeping to the right). The
greater part of the traffic is within the track connecting the obligatory lanes of
the neighbouring traffic separation schemes. Only a small part sails outside
these tracks (7 -15 ~{)).
C Other routes (Noord Hinder - Texel; Steenbank - Texel). In these routes the
traffic is spread over a large area. It is still possible to distinguish a pattern in
which ships keep to the right. 1t should be borne in mind, however, that the
main routes in the investigated area are almost always linked to a traffic
separation scheme.
The regulating effect ofthe traffic separation scheme is apparent from this subdivision.
Outside a traffic separation scheme the number of ships sailing on a reciprocal course is
about five times as high as within.

7.2.3

Weaving areas

Weaving areas are areas in which different routes converge or diverge under a small
angle, or in which ships coming from several directions join or part. There is a greater
chance of collision in these areas because of the possibility of occurance of complex
situations, with several ships and a possible restricted room to manoeuver. These
weaving areas are located near lightvessels or traffic separation schemes, or, in general,
there where routes join or part, as for instance near port approaches.
1t is hard to obtain information on the respective routes in such weaving areas, either
because one can not distinguish the routes the ships are in (because of the small
differences in course), or because the ships' courses vary a great deal and are parallel
only over short distances. Furthermore there are a lot of course alterations in weaving
areas, both for moving to another route and to avoid close quarter situations. The main
weaving areas in the area under investigation are:
I. The area northeast of the Noord Hinder buoy
The traffic in the traffic separation scheme from Sandettie to Noord Hinder
separates near the NHR-buoy into the routes to Maas Center, IJmuiden, the
Texel traffic separation scheme and both deepwaterroutes. There are a total of
about 105 ships per day.
2. The area northwest and northeast of the Steenbank pilot station
The traffic coming out of the Oostgat from the Scheldt diverges over the
England, Texel TSS and Maas Center routes. The traffic from the Westhinder
lightvessel to Maas Center v.v. joins the traffic from Steenbank to Maas
Centre. There are a total of ± 77 ships per day.
3. The approaches to IJmuiden
Traffic f10ws from Maas Center, the Westhinder lightvessel, Noord Hinder
TSS, England, Texel TSS and the Texel inshore traffic zone come together
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here. There are a total of about 42 ships per day.
4. The area southwest of the Texe1lightvessel
Here there are joining routes from the Thames, Noord Hinder TSS, Steenbank
pilot station, Maas Center and IJmuiden. The traffic in this area splits over the
traffic separation scheme itself, the inshore traffic zone, and the area west of
Terschellingerbank TSS. There are a total of about 153 ships per day.
5. The area around the Terschellingerbank-buoy
There are joining traffic flows here from the Terschellingerroute, the
Skagerrak, from England (Huil and Thames), the Texel TSS and the area west
of it, and the Texel inshore traffic zone. There are a total of about 163 ships per
day.

•
N

Figure 18. Areas of low shipping density.
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7.2.4

Low-densityareas

It is clear from the route maps that in many areas the different routes (the inward

bound routes included) practically meet. (For example the triangle Noord Hinder Texel TSS - Maas Center).
Yet it is possible that between a number of routes a relatively quiet area exists. In a
number of these areas quite a few ships sail spread over all directions, so that the
number of ships per day in that area is hardly less than in the surrounding areas, in
which they are concentrated in one direction.
In other areas, however, there is also practically no traffic in the absolute sense of the
word. The most important relatively low-density areas are shown in figure 18. Three of
those are located within the Noord Hinder, Sandettie, Westerschelde triangle, four are
located northwest ofthe Texelroute and the last between the Terschellinger-route and
the deepwater route.
In the areas A and C the number ofroute-committed ships sailing through per day is 2
or 3, whatever course they sail. So these are truly low-density areas. For the area C this
is only natural, because of the banks in the Scheldt estuary.
The other areas (B, 0, E, F and G) have a higher density than A and C. Five to eight
ships per day pass through each area, whatever their heading. These areas are therefore
only relatively quiet as compared with the somewhat busier routes surrounding them.
Ten route-committed ships per day sail in the area H.

7.3

Composition of the shipping traffic

In the annexes 9 and 10 a type sub-division is presented in graphs for a number of
routes. The routes have been named by a letter. The division was made by calculating
the total of all ships of a specific type in a part of the respective route (excluding
weaving areas and the Iike). The total number of ships is considered to be 100 %'
We distinguished the following types: general cargo-, tanker-, bulk-, and containershipping and passengerjferry shipping. These groups form the route-committed traffic.
The non-route committed traffic is divided into fishing trade and other non-route
committed traffic.
All types of route-committed traffic were also classified according to their size (over or
under 3000 tons deadweight).
Criterion for the classification was that all ships should be considered to belong to a
route according to their course. The non-route committed traffic, however, does not
always sail within routes so that for this traffic the picture may be Iess clear. It is
possible for instance that a fishing vessel temporarily and by accident sails with the
same course as the route's course.
Then she will be included. It is also possible that she sails in a route on purpose, but, for
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reasons of yawing, allowing for tidal stream or making avoidance manoeuvres at the
moment of observation, is excluded.
Furthermore an outline is presented in the annexes 9 and lOof the total number of
observed ships.
Figure 19 presents the percentual sub-division ofthe world fleet. This division is based
on data from Lloyd 's Register of Ships, as per 1980. The total number of ships is about
so
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74.000. The ship categories as used for VONOVI are based on the same criteria,
enabling comparison between the world and North Sea fleet. The North Sea fleet is
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represented in figure 20. The similarity is remarkable. Both the division over the
categories itself.and the category-size corresp~md with those from L1oyd's.
By means of these data the histograms of all main- and secondary routes can be
compared. One can easily see from this comparison if and where ships of a specific
group sail.
For the route-committed traffic it is apparent that the percentage of small ships is a
iittle higher than that oflarge ships. This effect is even higher in zones for coastal traffic
(Terscheliinger- and Texel route. Westhinder-Maas Center v.v. and Thames-Scheldt
River v. v.) There the small ship's share is considerably higher than that of large ships
(from 2: 1 to 6: I). For the route Thames - Scheldt River the small ships concerned are
mostly ferries. In the route Humber - Terschellingerbank only small ships have been
observed. The division was made. however. using only 20 ships. The only route in
which the percentage oflarge ships is considerably higher than that of small ships is the
Noord Hinder - Texel route (2: I).

7.4

7.4.1

Densities

General

This paragraph describes the six density maps as composed for the categories: all
traffic, route-committed traffic. route-committed traffic over/under 3000 deadweight
tons, non-route committed traffic and fishing trade. The maps have been composed by
means ofthe analysis method described in paragraph 6.3. Density is defined here as the
average number of ships at the same time in a unit area at a given location.
Densities are expressed in numbers per 1000 square kilometers. The density maps also
give information on the areas where no main routes were found. In this way the density
data complement the route maps. The density maps are very useful for comparing data,

route-comm I tted
troft IC (55°/0)
all troffic

<

~

ships under 3000 tons (29°/0)
fishing trode

(31 0/0)

non - route commltted /
offshore vessels
trofflc (45 0/0)
~

*

(8 0/0)

yochts ond sail ing vessels" (6 0/0)

*
Figure 21. Relation between the density maps
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ships over 3000 tons (26°/0)

not

yet presented

to see where the busiest shipping routes are, where there is relatively Iittle traffic and
what share eaeh ship group has. The maps indieate how the shipping traffic is spread
over the North Sea. The interrelationship between the different ship groups can be
assessed.
A summary is presented in figure 21.

7.4.2

Route-committed tra./Jic

This paragraph describes the route-eommitted traffie. It also analyses the relationship
between the categories of large and small ships (over/under 3000 deadweight tons
resp.). It is apparent from figure 21 that the route-eommitted traffie forms 55 % ofall
traffic. Of this, 53 % is smaller and 47 % larger than 3000 tons.
The route-committed traffic is mainly located within the alrcady well-known routes.
Yet, outside the area from 15 miles north of the Wadden islands to about 40 miles
northwest of Flushing the shipping traffic along the Dutch coast is obviously
distributed in such a way, that it results in low densities. The busiest area by far is the
Roads of Hook of Holland with a maximum of 133 ships per 1000 km 2 . Thedensities in
the Terschellinger- and Noord Hinder- Sandettieroute are almost equal to those in the
approaches to the Scheldt River via Scheur/Wielingen. There is a definite route
structure to be seen from the three maps of the route-eommitted traffic. There is a
strong influence due to the traffic separation schemes: the traffic is eoneentrated in
separate lanes. Especially the larger ships use the traffie separation schemes. That this
does not hold for smaller ships is evident from the difference in density in the SandettieNoord Hinder traffie separation seheme. The density for the smaller ships is lower. In
the coastal traffic zones near the Texel- and Terschellingerroute one mainly finds
smaller ships.
Further it is obvious, that
- the separation zone in the Terschellingerroute is kept strictly c1ear;
- there is a high density in the anchoring area for deep draught vessels. Furthermore it
is c1ear that the westerly part is busier than the easterly part (the westerly part is the
deepest part of the anehoring area);
- there is a low density in the deepwater routes. It seems as if some locations in the
easterly route are busier than the westerly route;
- fewer small than large ships use the Sandettie-Noord Hinder route. Probably the
small ships sail via the Scheur/Wielingen and the Westhinder-Schouwenbank route
to the ports more northwards, though the maps do not indicate this convineingly;
- the unbuoyed routes Noord Hinder-Maas Center, Noord Hinder-Texel and TexelMaas Center appear only vaguely in the map of the total route-committed traffie;
these routes disappear completely in the maps of the separate eategories.
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7.4.3

Non-route-committed traiJie

The character of the non-route-committed traffic differs a great deal from that of the
route-committed traffic. This can be concluded from the density map of the non-routecommitted traffic. The working area of these ships is the North Sea itself, so the ships
are observed in a certain location while they are working. These working areas can vary
a great deal in location. For example, it can be assumed that for the fishing trade the
location observed depends on whether and how many observations flights were made
during the fishing season.
The offshore activities determine the location and intensity of supply shipping and
other specialist working craft. Also, for sport-fishermen and other recreational
shipping activities, the results are a density pattern of stains rather than a clear routestructure.
Route-structures are identifiabie in port approaches only, so that it can be concluded
that to and from their working areas the ships sail the shortest possible distance. They
use the routes followed by the route-committed traffic only incidentally. There are
instances however, that the non-route-committed ships are to be found in these routes,
e.g. when crossing or working in the route. This is apparent for the western side ofthe
Terschellingerroute, in which there are from 3 to 6 ships per 1000 km 2 within the
separation zone.
It is noticeable that in the deepwater routes the share ofthe non-route-committed ships
is high.
Logically, the busiest areas are the port approaches. Here we find pilot traffic, traffic
inherent in roadsteads, such as dredging works, and sport-fishermen. The densities for
Hook of Holland, Scheveningen, IJmuiden and Delfzijl, Scheldt River are 27-45 and
21-27 ships per 1000 km 2 resp. The high densities between the deepwater routes around
the parallel of 53 degrees oflatitude are caused by off-shore-activities and fishing trade.
Summarizing, the most important conclusions are:
- the traffic is more scattered than the route-committed traffic;
- the traffic concentrations are highly dependent on the working locations at sea;
- high shipping densities occur only locally.

7.4.4

Fishing trade

This map was derived from the map for the non-route-committed traffic as discussed in
paragraph 7.4.3. The fishing vesse1s form 67 % ofthe total trade as represented in that
map. It is apparent that in a long and scattered period of observation the results ofthe
observations are influenced by the fishing season. This should be borne in mind when
studying the map.
As a result of this it is possible that apparent1y empty areas can in fact be fished in a
certain season. Because the observations have been averaged over a period of five
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years, the fishing seasons do not show in the map. Just like the map for the non-routecommitted traffic, the map for the fishing trade shows a pattern of stains. The total area
it occupies is less. This difference is evident in the Terschellingerroute, (almost free of
fishery) and - to a lesser degree - the Texel route and the area north ofthe Eurochannel.
The Roads of Hook of Holland is hardly used by fishing vessels (except as a waterway).
There are no areas ofhigh density outside the Roadsteads and around the parallel of 53
degrees of latitude. The density off Scheveningen is mainly caused by sport-fishing
vessels. IJmuiden is the busiest port for the fishing trade, so it appears from the map.
Because there is a prohibited flying area over the southerly approaches to Den Helder,
the observations in that area are incomplete. Therefore, no conclusions can be drawn
for this area.
Summarizing, the most important conclusions are:
- the traffic is more scattered than the route-committed traffic
- there are local concentrations of fishing and non-fishing vessels
- there is a high concentration of sport-fishing vessels off the Scheveningen coast.

7.4.5

All traffic

The maps discussed in the foregoing paragraphs together form the density map of all
traffic. The route-structure of the route-committed ships can still be seen clearly. The
densities in the lane for the westbound traffic in the Texel- and Terschellinger-routes
and in the lane for the southbound traffic in the Sandettie-Noord Hinder traffic
separation scheme are predominant.
The blank spaces as seen in the maps of the route- and non-route-committed traffic
disappear almost completely. They occur at a greater distance - over 20 to 40 miles - off
the Dutch coast.
In the weaving area directly south of the Texellightvessel an area has developed in
which the density rises from 15-21 to 21-27 ships per 1000 km 2 . In the weaving areas
round the Noord Hinder lightbuoy and the Terschellingerbank lightbuoy this rise in
density is spread over a larger area.
The Roadsteads, the forementioned parts ofthe Terschellingerroute and the SandettieNoord Hinder traffic separation scheme and the western approaches to the Scheldt
River have the highest densities.
Summarizing, the main conclusions are:
- the influence of the traffic separation schemes is predominant;
- the structured traffic picture is caused by the route-committed traffic. The nonroute-committed traffic gives a dispersed traffic picture;
- the local traffic concentrations outside the shipping routes and port approaches are
caused by the non-route-committed traffic;
- the highest traffic concentrations occur in the Sandettie and Terschelling traffic
separation schemes and near port approaches.
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8

Discussion and evaluation

In this chapter the VONOVI-project as a whoIe is once more discussed. An indication is
given of the method, the use at present and fut ure uses and the work involved. It also
highlights the use of aerial observations for shipping traffic research in the future.
The VONOVI-project, as described in this report, used a new method of observing
shipping traffic on the North Sea. When we compare it with the research material
available in the Netherlands and abroad at the moment, it is ofunique value. By using
visual identification, a very high percentage of identified ships ( = ships for which the
main particulars are known) is effected. This enables diversifying a great deal in the
choice ofthe ships' classes to be formed. In this manner information was obtained on
the composition of the traffic in the different routes and locations on the North Sea.
In fact, collecting data on the shipping traffic as a whoIe within the extensive area ofthe
Dutch part of the continental shelf - in which there are routes sailed, relatively
speaking, very intensely - makes it possible to present the total traffic pattern. This has
to be limited to an overall picture due to limitations inherent in the method and the
available means. The usefulness ofthe data in practice, however, is not interfered with.
A number of times this was already evident in the recent past. In the introduction
(chapter 1) the most important applications have been mentioned. At the moment
- and this will remain so for the next few years - there is considerable national and
international interest in these data. Especially the neighbouring countries, confronted
with comparable problems related to the North Sea shipping traffic, show great
interest in the results and in the project description.
What now is the function of the VONOVI-project in the contemporary structure of
shipping research? In broad outline, there are two research methods:
a. the method giving most attention to the dynamic aspect of shipping, using radar
observations
b. the method giving most attention to the static and statistica1 aspects of shipping,
using aerial observations.
Combining both research methods provides the required material to be able to solve
problems arising from traffic conflict situations. The data from the VONOVI-project
give a first impression of the actual situation and especially of the shipping intensity.
Research by means of radar - so that for each ship the track through the desired area is
known supplies more specific data on the behaviour of shipping traffic.
At the moment, a semi-automatic radar observation method is being developed for
maritime traffic research. Together with refinements in the VONOVI-method this will
take away an important part ofthe limitations inherent in both research methods, both
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methods having their specific advantages and disadvantages. Only by applying both
methods integrally is it possible to acquire highly complete information on shipping
traffic. For the coming years the present 1975-1980 VONOVI datafile will remain
sufficiently up-to-date to be able to contribute basic material to solve all sorts of
probiems resulting from traffic conflict situations.
Developments in the continuing regulation of shipping traffic, of shipping itself, and
the maritime mining industry will keep a steady pace however. A number of routes
which were insufficiently portrayed such as both deepwater routes and the route from
Smith's Knoll Lightvessei to the Steenbank pilot station and to the Maas Center
lightbuoy v.v. are again investigated.
In the coming years the emphasis will be on the relation between the merchant navy and
the other users of the North Sea such as fishing trade and recreational shipping.
The bottlenecks are:
- the interference with the other shipping traffic
- the re-arrangement of the use made of the North Sea.
The developments described above will indiçati: when the data will be outdated. At that
moment there will be a renewed nei:d for a traffic picture description.
The VONOVI-project has proved to be useful in this respect, and thus can be used
again for this purpose.
It is useful to make an estimate of the efforts which were needed to execute the

VONOVI-project, in addition to the parts described extensively and in detail in the
report.
In this estimation only the efforts related to maritime shipping research were inc1uded.
The plane was used for other purposes besides this task, viz.
a. oil spill observations - statistical and operational
b. observations for calamity prevention
c. observations to check surface dumps and waste burnings at sea.
The multiple use made of the airplane determines the possibility of using the plane
economically.

manpower in
years

Phase

Preparation
Observation
Analysis
Report
Tota1

Table 9

Personnel
costs

Material
costs

0.75
6.00
5.00
1.25

43.000
346.000
288.000
73.000

10.000
1.500.000
215.000
25.000

13.00

750.000

1.750.000

Errort in manpower and costs related to the observations in the period 1975-1980.

63

Schematically the VONOVI-project was composed of the 4 phases as represented in
Table 9. The required manpower and the costs (personnel and material) are listed for
each phase. The entire project was executed by a team of 10, none of whom was
engaged in the project for 100 %, but who worked on the project for 5-70 % of their
time. The total project covered about 13 manyears.
The cost estimation is based on a 1975-1980 price level. The overhead of the engaged
employees is not included in the calculations. When we consider the other uses of the
plane, and especially the oil spill observations, the costs ofthe VONOVI-project can be
roughly estimated at Dfl. 2,5 million.
We should note that the resulting data file and shipping traffic information at the
moment could not have been derived from any other souree.
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List of definitions

G.R.T.
The Gross Register Ton is a measure of volume capacity for ships. In principle, the
gross register tonnage is the total volume of huil and superstructure; depending on the
shiptype certain spaces are deducted from the G.R.T. (see: Regulations on the
measurement of vessels). 1 G.R.T. is equal to 100 cubic feet or 2.83 cubic meter.
Trajjic category
A c1assification of ship types, on the basis of the codes given to the ships.
DECCA

A radio-positioning system (see Appendix 11).
Deadweight
The deadweight of a ship indicates the weight that can be loaded in an empty ship in
service condition,.so that she sinks into seawater to the maximum summer loadline.
The deadweight includes the weights of cargo, fuel, stores and drinking water,
waterballast, crew and luggage. Deadweight or carrying capacity is expressed in metric
tons (l 000 kg) or in long tons (2240 Ibs. or 10 16 kg).
Service-speed
The service speed is the speed which the loaded ship can maintain under normal service
conditions. This speed is a little lower than the maximum speed.
Dister
Detailed Investigation of the Shipping traffic in the Terschelling route.
Disnes
Detailed lnvestigation ofthe Shipping traffic in the Northerly approaches to the river
Eems.

E.H.R.
Restricted Area, as established under jurisdiction of the Netherlands administration.
EH is a code for the Netherlands, R means restricted. An EHR-area is further specified
by a number.
E.T.A.

Estimated Time of Arrival.
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Flight-log
A chart on which the position is plotted permanently, linked to the DECCA.
Yawing
The effect of deviating from the original course due to wind and wave influences, the
helmsman's ability, the automatic steering gear's quality, etc.
Flying time
The time a plane is in the air.
Main route
A route with over 30 ships a day in both directions.
Area of interest
A rectangular area which can be defined as (a part of) a flying area the interest in which
necessitates further investigation.
Class number
A number assigned to each ship during automatic processing. This number indicates
whether or not a ship is included in the selection.
Length between perpendiculars
The distance at the summer load waterline from the fore side ofthe stem to the after side
of the rudder post, or to the centre of the rudder stock if there is no rudder post.
MA TROS
Marine Traffic Observation System.

M.E.T.
Middle European Time ( = Greenwich mean time

+ I hour).

D.es.
Dutch part of the Continental Shelf.
Non-route-committed trafjle
All traffic having their business on the North Sea, like tugs, supply vessels, naval
vessels, pilot vessels, yachting and fishing vessels.
Printer/ Digitizer
A device to digitalize the DECCA position data, the results of which can be printed,
together with the time, under manual control of the operator.
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Plotting Option
A number which determines which part of the output is to be plotted.
Route-committed traffic
All ships departing to/arriving from a port either in ballast or laden with cargo/passengers.
Run
The aircraft's approach to a ship to assess her course and position.
Ship type group
A group consisting of a number of ship types.
Ships tonnage code group
A group consisting of a number of ships tonnage codes.
Secondary route
A route with less than 30 ships a day in both directions.
Low density areas
Areas in which there is relatively little route-committed traffic.
Track
A flight area consists ofa number (or a number of groups) of parallel or nearly parallel
neighbouring tracks, along which the plane flies.
Tonnage code
A code which denotes a group or a class deadweight-tonnages.
TRANS
A programme which transforms position co-ordinates from one co-ordinate-system to
another.
DRAW
A drawing-programme.

U. T.M.-co-ordinates
Co-ordinates of the Universe Transformed Mercator projection.
VONOVI
North Sea traffic analysis by visual identification (Verkeers Onderzoek Noordzee
Visuele Identificatie).
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TS.S.
Traffic separatiQn scheme. A scheme devised in order to separate traffic flows which
move in opposite directions, by means of appropriate measurements and the
introduction of traffic lanes.
Observation time
The time elapsed from the beginning of the first to the end of the last track within one
area.
Sailing condition
A classification which denotes whether a ship is making way, has stopped, or is at
anchor.
Flight-area
A defined area of the sea which has been observed (see: Appendix 1).
Daily sampling
A distribution of observation flights sa that observations are spread equally over the
days of the week (from 0600 to 1800 M.E.T.).
Summer draught
The vertical distance between the upperside of the keel plate and the summer loadline
(in seawater).
Summer draught (in practice)
The vertical distance between the lower side of the keel plate and the summer loadline
(in seawater).
Inshore trafJic zone
As a routing measure, an area can be designated an inshare traffic zone if it borders the
landside of a traffic separation scheme and the neighbouring coast. It is intended for
local traffic.
Nautical mile (n.m.)
One nautical miIe is the length of one minute of arc measured along the meridian in the
latitude of 4SC (= 1852 m).
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Appendix 1

1

Description of the f1ight areas

Introduction

In this appendix particulars are given per area, concerning the position, the directions
and sizes of the tracks, crossing traffic routes, etc.
The situation near the Dutch ports was ofprimary interest, so that the first flight areas
were chosen near the coast (coastal areas). It was not untillater that the more remote
areas were included in the observations (outer areas). The reason for the inclusion of
the outer areas was the need to know about the routes which run - in general- in an
easterly or westerly direction, since the information from the coastal areas was lacking
in that respect.

2

Coastal areas

Goeree
LOCATION

This area is bordered by the Dutch Coast and the 'Bruine Bank' flight area on the east,
respectively west side. To the north- and southside are respectively the IJmuiden South
and Sandettie flight areas. Roughly speaking it is the area from Walcheren to
Scheveningen and seawards to Noord Hinder.
TRACKS

The area consists of7 parallel tracks from 45 to 60 nm length and a width of 4.5 to 5 nm.
The general direction of the tracks is 049-229 degrees.
ROUTES

In this coastal area we see the following traffic separation schemes (T.S.S.):
- part ofthe Noordhinder Scheme round NHR-buoy (operational since 1-7-'71)
- the Goeree T.S.S. (operational since 1-4-'71)
- the Maas North T.S.S. (operational since 1-4-'71).

Furthermore there are the traffic flows linked to these TSS's and the traffic flows to and
from the pilot station Oostgat, to and from Scheveningen, and to and from the islands
of Zuid-Holland and Zeeland. Then there are the anchoring areas and approaches to
Hook of Holland for deep draught vessels, the anchoring areas in the roads to Hook of
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Holland, the 'loswal-Noord', (a dumping site fordredgers ofthe Rotterdam port-area)
and a great deal of movements from sport-fishermen coming from Scheveningen or
Stellendam.
For the Hook of Holland roads and anchoring areas it turned out that surveying the
ships was not always easy because ofthe large number ofmovements and the disorderly
nature ofthe traffic. Especially surveying the courses and deciding what track the ship
was in was troublesome. From this it can be concluded that for areas such as highdensity roads observation from the air is - to say the least - not the most appropriate
method.

Sandettie
LOCATION

The Sandettie flight area borders the already described Goeree flight area on the south
side. lts farthest point on the west side is the Sandettie-Noord Hinder T.S.S. On the
eastside it is bordered by the Zeebrugge-West Kapelle line. lt borders the Sandettie
iightvessel and the Noord Hinder lightvessel on the south, respectively the north.
TRACKS

The area is made up of 5 tracks in the west with a 221-041 degrees direction and 4 eastto-west tracks in the east. The length ofthe tracks varies from 46 nm near the SandettieNoord Hinder T.S.S. to 14 nm for the easterly tracks. The track width is about 5 miles.
Both the Noord Hinder T.S.S. (1-7-'71) and the West Hinder T.S.S. (3-4-'72) are
situated within this area. During the observations both T.S.S.'s had not yet been
altered (in 1978 a separation triangle south ofthe Sandettie NE Buoy was introduced).
ROUTES

Included in this area are: The traffic flows from and to Dover Strait (the English and
French coastal traffic excluded), the southerly approaches to the Scheldt (West Hinder
T.S.S. and Scheur/Wielingen), traffic to the Belgian North Sea ports Oostende en
Zeebrugge and some secondary shipping routes. There is also one pilot station for the
Scheur/Wielingen traffic.

IJmuiden Zuid
LOCATION

This flight area is bordered by the IJmuiden North area and the 'Bruine Bank' area on
respectively the north and west side. To the east it nearly borders the Dutch coastline.
Roughly speaking it is the area 48 nm off the Scheveningen/IJmuiden coast.
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TRACKS

The area is made up of 8 parallel tracks, with a direction of 029-209. The length of the
tracks varies from 23 to 27 nm. The width is about 5 miles.
ROUTES

Though there are no T.S.S.'s within this area, there are the Noord Hinder-Texel and
Maas Center-Tessel traff1c flows, as well as the traffic to and from IJmuiden.
There are also some secondary routes. During the period of observations the area
appointed for burning chemical wastes feil (also) within this area.

IJmuiden-Noord
LOCATION

This area is bordered on the south by the IJmuiden Zuid flight area and on the north by
the Texel flight area.
To the west and east it borders the 'Bruine Bank' and the coast of Noord-Holland,
respectively. Roughly speaking it is from IJmuiden to Den Helder and ± 43 nm.
offshore.
TRACKS

The area is made up of 7 almost parallel tracks in a 015-195 direction. The length varies
from 27 to 35 nm and the width from 3.9 to 6.7 nm. This variation in width is due to the
EHR 8 area west of Den Helder which is often prohibited for airplanes.
ROUTES

We recognize the following traffic flows within this area:
- Noord Hinder - Texel v.v.
- Maas Center - Texel v.v.
- from and to IJmuiden from the north
- from and to Den Helder via the 'Molengat'.

Texel
LOCATION

This area borders on the following flight areas:
- to the North: Texel-North
- to the northeast: Terschelling
- to the south: lJmuiden-North
- to the west: Texel-West
To the east it reaches as far as 3.4nm offthe coast of Texel.
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TRACKS

Originally the area was composed of 4 tracks, but because of the gas- and oil
exploration activities this was soon extended to 6 tracks. The length ofthe tracks varies
from 31 to 35nm, the width is about 5.5nm. The direction ofthe tracks is 032-212
degrees. In the south-east is the EHR 8 area, which is often prohibited for airplanes. In
the south there is the EHR 1 area.
ROUTES

The following routes cross this area:
- Texel-Terschellingerroute (coastal traffic route included)
- H umber-Terschellingerroute
- Thames-Terschellingerroute
- Traffic to and from Den Helder via the 'Molengat' .
In november 1975 the Texel lightvessel was moved 4 miles to the north-west to
53°02' 1YNO 4° 18' 18"E. In august 1977 then, it was moved to its present position
53°01'45"N 04 c I7'49"E.
The Texel route is central in this area, it is buoyed since november 1975, and connects
the Texel TS.S. (1-1-'72) and the Terschellingerroute TS.S. (30-9- '70).

Terschelling
LOCATION

This flight area is located north of the Wadden islands between Vlieland and
Schiermonnikoog. It borders on the Wadden islands to the south, Texel-island to the
west and Terschelling-north and Disnes to the North.
TRACKS

The area was originally composed of 2 tracks, but was extended to 3, later to 4 parallel
tracks with a 252-072 direction.
ROUTES

Within the area is the Terschelling TS.S. (30-9-'70) which regulates the shipping routes
from the Texellightvessel to and from the German ports. In between the Terschelling
TS.S. and the Waddeneilanden is a coastal traffic zone. The shipping route from Texel
to Scandinavia crosses the area in the west. There is also the traffic to and from
Harlingen and the EemsjDollard ports.

East and West deepwater routes
These two flights areas consists of the complete route specially surveyed for deep
draught vessels, from the Noord Hinder TS.S. in the south to the German TW-Ems
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T.S.S. in the east. There are two deepwater routes which meet in the south and the east.
The western deepwater route is 227 nm long, as compared to 204 nm ror the eastern
one. The western route is deeper than the eastern one, so that vessels with a deeper
draught mainly use the western one. (The routes are also called Maintrunk East and
Maintrunk West). The routes are crossed by a number of secondary routes, the most
important being the route Terschellingerbank-Scandinavia vice versa.
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Appendix 2

1

The Decca positioning system (1)"')

Introduction

The Decca radio-positioning system was used in the VONOVI-project as a navigational aid in the survey airplane. The positions of the observed ships have been
recorded by means of this system.
Therefore we feel the need to present a short description of this system to clarify the
DECCA-terminology used in this report.

2

Principles

The principle ofthe DECCA-system is the measurement ofthe phase shift ofthe signals
received from two shore transmitters aboard a ship or airplane. These phase shifts can
be read aboard by means of a special meter (Decometer). The reading of the Decometer
corresponds with a certain curve in the chart. This line is called a line of position.
Measuring the phase shifts of two or three transmitter pairs results in two or three
position lines. Two of these are necessary and sufficient in order to determine the
position of ship or plane.

3

Decca-chain

Two or three transmitter pairs operating with the same base-frequency are called a
Decca-chain. In practice we have one main and 2 or 3 substations (the master,
respectively the slaves). A transmitter pair is always the master plus one slave. Each
transmitter pair emits a pattern, in which each line is a line of equal phase shift. These
lines of position are in fact spheroidic hyperbolas on the earth ellipsoid or, if we
consider the earth as a sphere, spheric hyperbolas. After calculation these lines are
printed on normal navigational charts. These lines win from now on be called DECCAlines. To be abIe to distinguish between the transmitter pairs and their patterns, each
one gets a colour code. Thus we have a red, green and purple pattern ofthe red, green
and purple slaves respectively.
It is clear that if one has to measure the phaseshift, the transmissions of master and
slave have to be synchronized. Technically it is difficult to distinguish between the
*) 'Moderne Radio Navigatiemiddelen' by G. J. Sonneberg.
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phaseshifts oftwo signals with equal frequencies. For that reason the basic frequencies
of master and slave are multiplied by different factors. When these signals are received,
each of these two frequencies are separately amplified and again muitiplied (now with
the multiplier ofthe other frequency). Then, in a so caIled discriminator, the phaseshift
is measured and shown on the decometer. The multiplication of frequencies as
described above, is also used for the other slaves, but with other muitiplication factors.
Figure I shows the principle of the multiplication of frequencies.
Figure 11 is a flow chart and figure 111 a representation of the block diagram of the
radio-receiver.
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--IN-------- ....
PHASE

...........

,,/ MASTER

......

' ......, ,
SLAVE"

113 1/J

65

RED

Figure 1.

........

DECOMETER

Principle of multiplication of frequencies.

All frequencies are harmonies (multipIes) of a certain frequency f, the so-called
fundamental, (14.176 kHz in the example in figures I to lIl). In figure I it is suggested
that master and slave are exactly at a distance of one phase apart. In reality this is not
the case. The distanee may weIl be many hundreds of wavelengths apart. This
necessitates identifying the phases (or lanes). For this purpose the lanes are divided into
groups (zones). Depending on the colour a zone is divided into a certain number of
lanes.
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Muitiplication of frequencies in the decca receiver (for the Red-siave)
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Block diagram of the decca receiver.

A red zone has 24lanes, numbered from 0 to 23.
A green zone has 18 lanes, numbered from 30 to 47.
A purple zone has 30 lanes, numbered from 50 to 79.
The zones then are identified by letters (A to G). Ten zones are called a belt.
The so-called lane identification is done by multiplying the emitted frequency with a
certain factor. For the red pattern this factor is 24, for the green and purple ones 18 and
30 respectively.
These factors are equal to the number of lanes for the respective patterns. On a special
indicator (the L.I.-meter) one reads the lane number within a zone, to adjust the
decometers. In a comparable way, the zone identification within a belt is carried out.
Two DECCA readings fix the position (figure 5). Decca co-ordinates expressed in
zone, lane and lane subdivisions can also be expressed (for instance for computer input)
in so-called absolute Decca co-ordinates.

MASTER

o
FRACTIONS OF LANE

o
lANE NUIotBER

READING
RED
- H
DECONETER
Figure 4.

16.30

Review of zones, lanes and fractions of lanes and the Presentation on the deconeter
Reading Red H 15.30
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Example:
Red B 12,96 = Red 036,96 (ifco-ordinate in 18t belt)
= Red 276, 96 (if co-ordinate in 2nd belt)
Purple 0 56,12 = purple 096,12 (ifco-ordinate in 18t belt)
= purple 396, 12 (if co-ordinate in 2nd belt)
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The Decca-system

Appendix 3

Detailed description of the
programme VONOVI-21.

automatic

processing

VONOVI-21 is the statistical processing programme of the VONOVI project. It
enables the production of a number of statistical tabulations and survey plotting sheets
for a large number of observations.
The programme is represented in a flowchart (figure 1).

VONOVI

21

sta t i st jes

Figure I.

Flow chart VüNüVI-21.

By means of so-called computer input statements one can decide on the type of output.
The computer input directives for VONOVI-21 are:
The period over which one wants the surveys (Every ship observation outside this
period is totally rejected and not included in any survey).
2 An area code, corresponding with the area one wishes to investigate (Every ship
observation without this code is totally rejected and therefore not included in any
survey).
3 A minimum of I and a maximum of 5 ship type groups. Each ship type group
consists of a number of ship types. The total of all these numbers of ship types has a
limit ofeighty. From these groups a so-called ship type group-number is calculated.
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If the ship type of an observed ship coincides with one of the types of the ship type
group, the number is equal to the groupnumber. (In this case the type is considered
'known'). When, during the observation the ship type has been defined as a double
blank, then the number is a '0'. If the observation has an unmatching ship type
group, the number is - I.
4 A minimum of I and a maximum of 6 ships' tonnage code groups. Each group
contains a number of ships' tonnage codes. The total of the number of ships'
tonnage code cannot exceed eighteen. From these groups a so-called ships' tonnage
code group-number is calulated. When the ships' tonnage codes of an observation
coincide with one of the tonnage codes of the ships' tonnage code groups, then the
number is equal to the group-number. (In this case the tonnage is considered to be
known).
If, after this exercise, it turned out that the tonnage code of the observed ship was
not included in any group, then the number is - I. When the type number is 0, then
the class number is 0 too, and the number is the highest ships' tonnage groupnumber + I. If the tonnage code is not part of any scheme and unequal to 0, the
number is -l.
By means of the combination of the al ready described numbers a so-called class
number is decided upon. If one ofboth numbers is - 1, then the class number will be
- 1 also. If the type number is 0, then the class number will be 0 also.
In all other cases the class number is determined in the following manner:
Classnr = (type gr.nr. -I) x (number of ships' tonnage code groups + 1)+ TOCGNR
in which:
Type gr.m. = ship type group number
TOCGNR = Ship tonnage code-group number
The class number is used in order to determine whether or not a ship should be
included in the selection.
Selection criterion: the class number must be over o.
5

A sector shift.
With the statistical surveys a number of sectorial subdivisions are presented. For
this purpose the compass card was divided into 12 sectors of 30° each. The sector
shift is given in degrees. This shift must not be more than 15 degrees and no less than
- 13 degrees. If the sector-shift is 5 degrees, sector no. lis defined as follows.
Upper limit = 5° + 15° = 20°
lower limit = upperlimit + 330 = 350°
0

An observed ship gets a sector number I if the course is over or equal to the lower
limit or under the upper limit, etc.
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sector shift
15 degrees
number of course sector

Figure 2.

Course sectors with sector shifts.

Ships with a course over 360 or under oe get a sector number O. During further
processing these ships are considered ships with an unknown course.
0

6a The UTM-co-ordinates of the southwestern corner of an area of interest and the
UTM-co-ordinates of a point on the southern edge, for identifying the position of
the area. The area of interest is rectangular.
6b The mesh-widths in meters.
This indicates the manner of dividing the area of interest to the east and to the west
resp. It is followed by the number of meshes into which it is divided in easterly and
northerly direction resp.
Each observed ship is appointed a sector number. This sector number corresponds
with the sector of the area of interest in which the ship is located. Is the ship outside
the area of interest, then the sector number is O.
no. of meshes in
northerl y direct ion

3

r

2

2

9

5
1

southwestern corner
point on southern

Figure 3.
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Rectangular division of an area of interest.
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Remark
The number of differentiations used for statistical surveys is limited by a number of
7199, due t" avai1able memory space. This number can be calculated as fol1ows:
Nr. diff =

(nr. type gr.)
(3)
(nr. sectors = 12)
(nr. meshes north)

x (nr. tonnage gr. + 1) x
(4)
x (nr. meshes west) x
(6b)
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7

A plot option.
With the plot option one can decide what is to be plotted on the survey plot chart.
The option possibilities are:
o = no plot chart
1 = plot all ships within the area of interest and within the selection
2 = plot all ships within the area of interest and outside the selection
3 = plot all ships within the area of interest
4 = plot all ships within the selection
5 = plot all ships at anchor or not making way
6 = plot all ships outside the area of interest and outside the selection

8

A statistical option.
With this option one can decide which statistical surveys one wants. The option
possibilities are:
o = no statistical output (survey of the data directives only)
1 = statistical surveys only
8 = statistica 1 surveys of the numbers and flows only, as a total for all classes per
sector, in numbers per hour x 1000 per strip of 1 km width
9 = statistica 1surveys ofthe numbers and densities only, as a total for classes and
sectors per km x 1000
If the options for statistical output are somewhat vague, they will be explained
further. But in order to be complete in listing the input data statements, they have
already been mentioned above.

The VONOVI-21 output
In the appendices we find an example of every kind of statistical output VONOVI-21
can deliver, such as:
Appendix 3 - 1 Outline of input data
(input data directives)
Speeds, standard deviations and numbers: in knots
Appendix 3 - 2
Appendix 3 - 3 Courses, standard deviations and numbers
Densities per selection per km 2 x 1000
Appendix 3 - 4
Densities as a total of classes and sectors per km 2 x 1000
Appendix 3 - 5
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Appendix 3 - 6
Appendix 3 - 7
Appendix 3 - 8

Traffic flow in numbers per hour x 1000 per ship of 1 km width
Traffic flow per sector as a total of classes, in numbers per hour
x 1000, per strip of 1 km width
Survey of observed ships

ad 1 Outline of input data
These have been described above as input data directives.
ad 2 Speeds, standard deviations and numbers: in knots
All ships have been included, except:
- ships with an unknown course
- ships with an unknown (service) speed (= 0)
- ships outside the selection criteria
The average speed and the standard deviation have been ca1culated in the following
manner:
Y = total of speeds
y 2 = total of the squares of the speed
N = number of observations over which the total has been ca1culated
y
average = N
y2
y2 _ _
standard deviation

=

---~
N - 1

ad 3 Courses, standard deviations and numbers
All ships have been included in the ca1culations except:
- ships outside the selection
- ships outside the area of interest
- ships with an unknown course
- ships at anchor or not making way or fishing vessels with an unknown speed (When
the speed is known, they are included)
N.B. other than fishing vessle:
Ships making way with an unknown speed have been included in the ca1culations.
The average and the standard deviation have been ca1culated with the same formula as
for speeds.
ad 4 Densities per selection per km 2 x 1000
All ships have been included in the ca1culations, except:
- ships outside the selection
- ships outside the area of interest
- ships with an unknown course
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The densities have been calculated with the following formula:
NOV x 1000
NOF x SKM
NOV = number of observed vessels per sector (corrected)
NOF = number of flights in which the observations were made
SKM = the surface of the sector of interest in km 2
Remark
When taken as a momentary observation, I ship in a certain sector would also
represent I ship in the number of observed ships.
But because an observation technique is used in which I observation of a certain area is
not equal to I momentary observation ofthat area, I ship should not have the value I in
the number of observed ships per sector. This value will vary slightly from I, depending
on the direction offlight (with which one flies the tracks) and the plane's speed and the
ship's speed and course.
This corrected value, which is used for I ship, is calculated as follows:
150
corrected value = 150 _ SS x cos (SC-PC)
in which:
150 = air speed in knots
SS = ship's speed in knots
SC = ship's course
PC = airplane's course
ad5
Densities as a total of classes and sectors per km 2 x 1000. See ad 4.
ad6
Traffic flows in numbers per hour x 1000 per strip of I km width
The traffic flows are calculated with the following formula:
traffic flow = density x corresponding average speed in km/hour

ad7
Traffic flows per sector as a total of classes, in numbers per hour x 1000, per strip of
I km width.
See ad 6.
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ad8
Survey of observed ships.
These numbers are sorted out idependently of the already mentioned calculations.
Appendix 3 8 is c1ear and needs no further explanation,
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Conclusions

The VONOVI project (North Sea traffic analysis by visual identification) has been
carried out from July 1975 until January 1980. For the project 466 observation
flights were made, with a total flying time of about 1300 hours. Ten employees have
worked on it for 5 years for a total of 13 manyears. During these flights all observed
ships were registered and afterwards identified.
2 The aerial observation method used turned out to be a proper aid for drawing up an
inventory of shipping traffic on such a large sea-area and for analysing it.
3 The collected data form a file by means of which during a large number of years
several questions concerning traffic-engineering problems can be solved.
4 The combination of visual identification and special computer software provides an
- until now - unique insight in the distribution ofship types and sizes using the North
Sea.
5 The VONOVI-project presents an overall picture of the shipping traffic on the
Dutch part ofthe continental she1f(DCS). The results are presented in maps in which
all important traffic flow intensities and route-widths are given. Also five density
maps have been made which show the densities at different locations and the
contribution of each ship type group. Furthermore a picture is presented of the
composition the North Sea traffic.
6 In order to obtain a reliable picture of the average density in a certain flight area
about 20 to 40 flights are needed, depending on the existing traffic structure.
7 The position as determined by this observation method is nearly everywhere
accurate within one kilometer, on the average. The average deviation from the
calculated traffic flow intensities as compared with other observation methods is
20%. The latter is highly dependent on the traffic flow intensity. For traffic flows
with an intensity of over 40 ships per day this average deviation is about 5 %'
8 The following important facts were conc1uded from the investigation:
- the shipping routes with the highest intensities are almost everywhere located near
the coast. At a greater distance off-shore the ships are spread over more directions.
There are five so-called weaving areas in the DeS where the density rises to over
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163 ships per day. Furthermore eight low density areas can be recognized in which
relatively little shipping traffic has been observed.
- The composition ofthe North Sea fleet practically coincides with that ofthe world
fleet.
- The inf1uence of traffic separation schemes (TSS's) on the DeS is predominant,
resulting in a structured traffic picture. In the TSS's there is a clear distinction in
main shipping directions. Situations with reciprocal courses are low in number.

91

In the series of Rijkswaterstaat Communications the following numbers have been previously
published:

No. 1.* Tidal Computations in Shallow Water
Or. J. J. Dronkerst and prof. dr. ir. J. C. Schönfeld
Report on Hydrostatic Leveling accros the Westerschelde
Ir. A. Waalewijn, 1959
No. 2.* Computations ofthe Decca Patternfor the Netherlands Delta Works
Ir. H. Ph. van der Schaaft and P. Vetterli, Ing. Dip!. E. T. H., 1960
No. 3.* The Aging ofAsphaltic Bitumen
Ir. A. J. P. van der Burgh, J. P. Bouwman and G. M. A. Steffelaar, 1962
No. 4.* Mud Distrihution and Land Reclamation in the Eastern Wadden Shallows
Or. L. F. Kampst, 1962
No. 5.* Modern Construction of Wing-Gates
Ir. J. C. Ie Nobel, 1964
No. 6'* A Structure Plan for the Southern IJsselmeerpolders
Board of the Zuyder Zee Works, 1964
No. 7.* The Use of Explosivesjor Clearing Jee
Ir. J. van der Kley, 1965
No. 8'* The Design and Construction ofthe Van Brienenoord Bridge across the River Nieuwe Maas
Ir. W. J. van der Ebt, 1968
No. 9'* Electronic Computation oj Water Levels in Rivers during High Discharges
Section River Studies. Directie Bovenrivieren of Rijkswaterstaat, 1969
No. 10'* The Canalization ofthe Lower Rhine
Ir. A. C. de Gaay and ir. P. Bloklandt, 1970
No. 11. * The Haringvliet Sluices
Ir. H. A. Ferguson, ir. P. Bloklandt and ir. drs. H. Kuiper, 1970
No. 12'* The Application ofPiecewise Polynomials to Problems of Curve and Surjace Approximation
Or. Kurt Kubik, 1971
No. 13* Systemsjor Automatic Computation and Plotting of Position Patterns
Ir. H. Ph. van der Schaaft, 1972
No. 14.* The Realization and Function ofthe Northern Basin ofthè Delta Project
Deltadienst of Rijkswaterstaat, 1973
No. 15.* Fysical-Engineering Model of Reinforeed Concrete Frames in Compression
Ir. J. Blaauwendraad, 1973
No. 16* Navigation Locksjor Push Tows
Ir. C. Kooman, 1973

*

out of print
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In the series of Rijkswaterstaat Communications the following numbers have been published before
(continuation)

No. 17* Pneumatic Barriers to reduce Salt Intrusion through Locks
Or. ir. G. Abraham, ir. P. van der Burg and ir. P. de Vos, 1973
No. 18.* Experiences with Mathematical ModeIs usedfor Water Quality and Water Prablems
Ir. J. Voogt and dr. ir. C. B. Vreugdenhil, 1974
No. 19.* Sand Stabilizatian and Dune Building
Or. M. J. Adriani and dL J. H. J. Terwindt, 1974
No. 20* The Raad-Picture as a Touchstanefar the three dimensional Design of Raads
Ir. J. F. Springer and ir. K. E. Huizinga (also in German), 1975
No. 21.* Push Tows in Canals
Ir. J. Koster, 1975
No. 22.* Loek Capacity and Trafjic Resistance of Locks
Ir. C. Kooman and P. A. de Bruijn, 1975
No. 23* Computer Calculatians ofa Complex Steel Bridge verified by Modellnvestigatians
Ir. Th. H. Kayser and ir. J. Brinkhorst, 1975
No. 24* The Kreekrak Locks on the Scheldt-Rhine Connectian
Ir. P. A. Kolkman and ir. J. C. Slagter, 1976
No. 25.* Motorway Tunnels built by the lmmersed Tube Methad
Ir. A. Glerum, ir. B. P. Rigter, ir. W. D. Eysink and W. F. Heins, 1976
No. 26. * Salt Distribution in Estuaries
Rijkswaterstaat, Delft University of Technology, Delft Hydraulics Laboratory, 1976
No. 27.* Asphalt Revetment of Dyke Slapes
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