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BACKGROUND

At the UNEP Intergovernmental Meeting of Mediterranean Coastal StatetS on
the Protection of the Mediterranean, which was held in Barcelona, 28 January -
4 February 1975, the Co-ordinated Programme for Research and Monitoring of
Pollution in the Mediterranean Sea (MED POL) was approved as the Environmental
Assessment Component of the Mediterranean Action Plan.

The MED POL programme consisted of seven pilot projects and six related
projects covering all the fields of marine pollution monitoring and research
(UNEP, 1983).

One of the pilot projects (MED POL VI), Problems of Coastal Transport of
Pollutants in the Mediterranean Sea, co-ordinated by the Intergovernmental
Oceanographic Commission (IOC) in close consultation with UNEP, dealt mainly
with the surface circulation of the Mediterranean Sea.

The main aim of the pilot project was to provide the necessary information
on the main physical processes contributing to the coastal transport of
pollutants in the Mediterranean Sea. Special attention was to be given to the
movement of the surface layer since this contributes considerably to the rapid
spread of certain pollutants, e.g. floating litter or petroleum hydrocarbons.

The project was supposed to assist in the assessment of all the aspects of
marine pollution covered by the other six pilot projects particularly for the
formulation and testing of models of the biogeochemical cycles of pollutants
in the Mediterranean Sea.

A joint IOC/WMO/UNEP consultation was held in Malta, 8 - 13 September
1975, to develop the workplan of the MED POL VI pilot project. Experts from
the countries bordering the Mediterranean Sea proper and several experts from
outside the region were invited in order to discuss and prepare an operational
document to serve as the framework for the co-operation of the Mediterranean
research centres in its implementation (UNEP, 1983).

Since the gross features of the general current system in the
Mediterranean are relatively well known, the pilot project was directed to the
investigation of water circulation in coastal areas and exchange of water
between the coastal and off-shore regions, especially areas where present or
future pollutant discharge may be of importance, as for example at river
mouths or near urban concentrations. Such investigations were to be carried
out during all the seasons and especially under characteristic meteorological
conditions of the areas, without neglecting small-scale fluctuations.

Guidelines to permit comparison of results and to facilitate broad
participation had to be developed as part of the project. The choice of
techniques and methods was such as to satisfy the minimum reguirements in
sensitivity and accuracy, consideration being given to ensuring simplicity in
operational procedures and proper maintenance of instruments. The use of
tracers, drogues and driftcards or drifters was suggested because of theil
simplicity. In particular, a driftcard experiment at the sub-regional scale
was suggested in order to explore the usefulness of such an approach for the
study of coastal and off-shore current systems in the various sub-basins of
the Mediterranean.
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INTRODUCTION

Sea surface trancport in the Mediterranean is generally cyclonic
{counter~clockwise) in both the eastern and western basins, but coastal
currents are very complex and manifest a strong variability. Owing to the
large ratio of coastline to sea surface in the Mediterranean Sea, the water
circulation has an important longshore component, Therefore pollutants
discharged into coastal waters often tend to be transported along the coasts.

Although the general nature of the mass transport of sea-water in the
Mediterranean 1is reasconably well understcod, the Kknowledge of local
circulation patterns is still meagre. The majority of pollutants enter the sea
in the upper layers. However, due to the vertical mixing, and to strong
convective motions in some areas during the winter, they can be spreada into
the deep Mediterranean water, and flow slowly through the Strait. In order to
understand their actusl distribution and to predict the effect of potential
sources of pollutants, a sound knowledge of the circulation and eddy diffusion
is required.

Measurement of surface currents is one of the most difficult tasks 1in
experimental physical oceanography. Direct measurements with currentmeters are
unreliable at depths of less than 3 to 5 meter mostly because of the pumping
effect of waves. Even vector averaging currentmeters do not allow precise
measurements to be made in the surface layer.

Wind drift calculations, on the other hand, are usually made to quantify
surface currents but there is evidence that changes in velocity shear may add
difficulties tc such computations.

Drogues, driftcards and drifters have been extensively used to determine
surface currents in spite of the difficulties met when interpreting the
results obtained. This is particularly true when they rely on accidental
retrieval rather than on continuous tracking of their motions.

Accurate evaluation of the drifters' motion 1is complicated by several
factors. First, there is always an uncertainty about its path and its recovery
on a shore presuposes an onshore current compcnent. Second, the recovery rate
is highly dependent on the population density distribution along the coast as
well as its habits and the type of coastline. Third, the time elapsed hotween
the stranding of a drifter and its subsegquent recovery is always uncertain.

The Driftcard Experiment (DRIFTEX) was intended to investigate the
usefulness of driftcards as tracers for coacstal surface currents, overcoming
the well known drawbacks of such technique by releasing a large number of
driftcards from an also large number of stations and using a computer model to
process the information gathered rather than computing individual
straight—-line trajectories, as is often done (see Gerges, 1979 for a review).

In connection with the XXV Plenary Assenbly c¢f the International
Commission for the Scientific Cxploration of the Mediterranean Sea (ICSEM),
Split 23 - 27 Octobre 1976, an ad hoc group of physical oceanographers laid
down the details of such arn experiment (ICC, 1977). It was agreed that it
would consist of a series of driftcard launchings especially designed for the
purpose in three areas:




UNEP/WG.118/Inf.6
page 3

- Rijeka Bay;
- Southeast Levantine basin, and
- Ligurian Sea

The IOC, in close consultation with UNEP, undertook the planning of such
an experiment wich was initiated in winter 1576. Various institutes from the
areas concerned participated in the project (see annex I). Of the three series
of activities of which the DRIFTEX expcriment was composed, only the Ligurian
Sea exercise had indeed an international approach . The Egyptian and
Yugoslavian exercises were planned and launched entirely with national
resources.

THE RIJEKA BAY EXERCISE

A complex oceanographic and ecological study of the Rijeka Bay had been
carried out since June 1976 (Jeftic et al., 1981). As part of this study, the
Hydrographic Institute of the Navy (Split) and the Center for Marine Research
of the "Rudjer Boskovic" Institute (Zagreb) undertook the investigation of
surface currents by driftcards starting in December 1976. The main reason for
this experiment was to acquire a better understanding of the characteristics
of the surface layer movements in Rijeka Bay as well as of its flushing rate.

Numbered driftcards of 125 by S0 mm in size, sealed in transparent
polythene envelopes of 135 by 25 mm were used in this exercise. The paper used
for driftcards was of the 180 gram type, the weight of the cards was about 2
grams and that of the sealed envelope, including card and floater was 7.4
grams. A disc of foam was used to ensure the buoyancy of the card.

Concurrently with the driftcard experiment, currentmeter measurements were
made (3 m depth) and surface drifters were tracked from a research vessel
(Ilic et al., 1979). Meteorological observations were made from the research
vessel every three hours during the 1launching period, and from the
nmeteorological station at Rijeka continuously during the whole exsrcise.
During this time, announcements were repeated several times a day through the
local radio broadcasting stations.

The information reguired for the computations was recorded on specially
designed logforms containing the following entries:

- number of the launching station
- date and time of launching

-~ meteorological observations

- colour of the card

- number of the carad

- date and place of recovery

Ilic et al. (1979) discussed the results from some of the launchings in
the Rijeka Bay between December 1376 and September 1977, though the exercise
continued after that date. Table 1 shows the recoveries for these launchings
in the weeks following them. The overall recoveries were above 21 % with a
maximum in the first two weeks. This relatively high percentage 1in the
recoveries was justified by the fact that the area is relatively closed. The
hydrography of the region was described by Degobbis et al. (1978). Figure I
shows the general circulation pattern as described by the driftcard exercise.
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Table 1. Recovery dynamics for the Rijeka Bay exercise
(from Ilic et al.,, 1979)
Launching Caris Recovery Dynamics (weeks) in %
date Launched ketrizved I II 1171 Iv after IV
Dec 1976 1200 224 19 3 24 4 3 7 62
Feb 1977 1200 320 27 % 36 13 8 10 27
Aug 1977 500 234 26 % 82 6 1 1 10
Sep 1977 900 113 12 % 31 12 7 28 22

THE SOUTHEAST LEVANTINE EXERCISE

A systematic investigation of the surface circulation of the Southeast
Levantine basin had been carried out by scientists from the Institute of
Oceanography and Fisheries in Alexandria (Egypt) for a period of two
consecutive years. The purpose was to trace the spreading of polluted waters
along the coast entrained by the nearshore surface currents before being mixed
with offshore sea water. Understanding their seasonal variability in relation
to wind action, and their role in the exchange of water between the coastal
and offshore regions of{ the sez were thus essential.

The area covered by this ecxercise extended over most of the Egyptian
continental shelf of the Mediterranean Sea, especially in an area extending
from Sidi Krair (about 30 kms west of Alexandria) in the west, to Rosetta in
the east. This area, covering about 80 kms of coast, contains almost all the
main sources of pollution discharging into the Mediterrenean from Egypt.

The prevailing wind conditions during the greatest part of the year are
west-northwesterly, although nerth or north-east winds or even opposite
southwest winds may blow for short pericds.

Surface Woodhead-type drifters werc used in the study. A card in a plastic
envelope with a message to the finder in both Arabic and English, was
carefully stapled and then fastened to the drifter's cap by a strong synthetic
thread.

Batches of ten separate drifters serially numbered were released
simultaneous but separately at each of the 57 coastal stations selected.
Releases alsc took place at stations located outside the area. The sea state,
wind spced and direction were recorded@ together with the geographical
co-ordinates and drifters' numbers at the time of each release.

The results of the recoveries during this exercise are summarized in
table 2 and figure IT. The current syszem described by the trajectories drawn
(Gerges, 1979) shows a very variable transpoert thouvgh generally {lowing
westwards nearshore and a more defined castwsrd flow further offshore
(figure 111).
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Table 2. Driftcard recoveries in the southeast Levantine exercise
(from Gerges, 1979)

Month 1976 1977

released received released received
January 80 0 0 % 183 24 13 %
February - - - 220 45 21 %
March 48 10 21 % 189 47 25 %
April - - - 109 2 20 %
May 138 48 35 g 254 30 12 %
June 227 64 28 % 254 30 12 %
July 90 14 16 % - - -
August 199 . 66 33 % 65 6 9 %
September - - - 93 31 33 %
October - - - 40 6 15 %
November 234 44 19 % 187 46 25 %
Decenber 230 16 7 % - - -
Total 12496 262 21 % 1418 263 19 %

THE LIGURIAN SEA EXERCISE

The purpose of this exercise was not so much tec investigate the current
system in the northwest Mediterranean area, relatively well known, but to
study the methocological approach consisting in launching a large number of
driftcards at a large number of stations in a relatively small area and almost
simultaneously. In this way, the redundancy would be large and the results
could be procecsed in such a way that a coherent average current field could
effectively be described.

The Ligurian Sea exercise began at the end of 1976 with the design and
production at the IOC of the cards, written in four official UN languages
(Arabic, English, French and Spanish), and sealed in plastic envelopes of 75
by 105 mm which had inside enough air to ensure buoyancy without being
excessively exposed to the direct action of wind (figure IV).

On the 28 of April 1977, scientists from the Centre Scientifique de
Mconaco, the Station Marine de Villefranche sur Mer and the Gruppo di Ricerca
Oceanologica di Genova launched the driftcards from the three ships involved
in the exercise:

- KOROTKEFF (Villefranche sur Mer)
~ RAMOGE (Monaco)

- PETRARCA (CGenova)
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Five thousand driftcards were released by groups of 100 cards (except the
PETRARCA that launched 200 at a time) at 38 different locations (figure V).
The cards recovered had to be mailed to the Centre Scientifique de Monaco
where the information on the recovery sites was decoded (sometimes painfully)
into geographical co-ordinates.

The IOC, with the assistance of the Institute for Oceanography and
Fisheries in Alexandria (kgypt) acting as Regional Activity Centre for MED POL
VI (RAC-VI) and in consultation with UNEP, responsible for the overall
co-ordination of the whole Mediterranean Action Plan, was charged with the
day-to-day co-ordination of the exercise.

More than one year after the launching of the driftcards (460 days), 534
cards had been recovered from all over the Western Basin of the Mediterranean
Sea (figure VI)., Of these 95 % were recovered within 4 months after the
launching, A summary of the recovery statistics is shown in figure VII,

In view of the large amount of data and its complexity, from the very
beginning it was clear that, unless a proper computer model was used in the
processing, no further actions of this kind could be carried out within the
framework of the MED POL programme.

After a number of attempts were made by the ICC, the Instituto de
Investigaciones Pesgueras de Barcelona accepted to develop the computer system
required. A preliminary overview of the processing technique was submitted to
the IV ICSEM/UNEP Workshop on Pollution of the Mediterranean, Antalya 24 - 27
November 1978 (Cruzado, 1979) which called for comments on the proposal.

The problem was further analvzed and a DRIFTEX Processing System (DEPS)
was developed allcocwing a comprehencsive processing of the data that included a
classical statistical approach with straight-line trajectory computations,
graphic display of such trajectories and the computation, by means of a model,
of multiple curved trajectories that allowed the establishment of a composite
surface velocity field in the region covered by the experiment (Salat and
Cruzado, 1981).

The effort required for the development of the system turned out to be
much larger than it was first deemed necessary but the results obtained in the
course of the project encouraged the scientists involved to study in depth
many of the problems met. The result was a complex system of programmes only
requiring a small computer although with a relatively large amount of disk
storage and sophisticated (at the time) graphics output. In addition, the
system opened new ways of dealing with surface-drift information which could
be applied in the future to problems relevant to the transport of marine
pollutants, especially hydrocarbons and other floating materials. It also
achieved the digitization of the entire Western Mediterranean coastline and
large parts of the Eastern Mediterranean.
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THE DRIFTEX PROCESSING SYSTEM

The DRIFTEX Processing System (DEPS) was a set of programmes and data
files intended for a thorough analysis of the information obtained through the
release of a large number of driftcards at sea.

The basic objective of driftcard experiments is to estimate the surface
velocity field in a region. Unlike what happens, for example, with drifting
radio-buoys, driftcard experiments depend on the fortuitous recovery of cards,
therefore there is a need for redundancy. This implies that a large number of
individual driftcards, submitted to various forces and processes, are
simultaneously moving around in a region, giving rise to a number of
individual trajectories all of which must have a common component attributable
to the water transport and a distinctive component attributable to random
dispersion. What is really sought in this kind of experiments, rather than the
individual driftcard behaviour, is the common part of the trajectories.

The main difficulty faced with experiments of this kind is that only
release time and location are well known while no information is available on
the path followed by individual driftcards (most of which are never recovered)
and the time and location of the card recovery by sailors or sea-shore walkers
have a large degree of uncertainty. This can only be overcome (at least in
part) by using a relatively large number of driftcards, with the hope that
averaging out redundant information will allow a reasonably good estimate of
the actual velocity field in the area covered by the experiment.

The goal of the DEPS was to draw as much information as possible from the

cards recovered, assuming all of them had been affected by the same velocity
field. Therefore, it worked on a supposedly coherent set of driftcards.

The Experiment concept

The concept of driftcard Experiment used by the DEPS required that a
coherent set of trajectories exists and that it can be represented by a
collection of driftcards released at various times and locations with the aim
of exploring the velocity field of a given area of the ocean. The primary
choice of the area to be covered by the experiment should be made on the basis
of previous oceanographic knowledge.

For the DEPS, the Experiment concept was substantiated by an open-ended
file containing the recovery data sequentially organized according to the
order in which the cards were received at the computer center. The information
stored in this file was:

- driftcard identifier (usually a number)
-~ location of recovery (geographical co-ordinates)
- time of recovery (approximated to the day)
In this way, processing could be made at any time during the experiment

with the information available. The results could thus be updated as new
information was received.
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The Launching Set concept

Since the reliability of the estimated velocity field depends on the
redundancy of the information, a large number of driftcards must be released
at a time at any given location and preferably at a large nunber of locations.
The group of driftcards released at any one time constitutes a Launching Data

Set (LDS). The LDS may cover one or more release sites provided the time
difference and the distance between them are small compared to the time and
distance from the release to the recovery sites.

For DEPS the Launching Data Sets were contained in an open-ended file,
The information contained in this file was:

- LDS identifier

- number of driftcards released at that LDS

- driftcard identifiers for the LDS

- location of the release (geographical co—ordiﬁates)

- time of release (approximated to the hour)

The Trajectory Concept

From the time of the release to the time of the recovery, the drift card
is subject to a number of processes. On the ocne hand, there is a weathering
process due to the action cf the elements and attacks from sea-birds that may
end up with the damage and loss of the card. BHowever, not all the cards
unrecovered are lost in this way. Many of them may be stranded on the shore at
locations seldom frequented or may get trapped in convergent gyres away from
populated coasts. On the other hand, the mzin cause of the drifter's
trajectory, 1is supposed to be the uniform (or average) displacement, mostly
under the effect of the wind stress, of surface water parcels in which the
driftcards are trapped.

If the driftcard is recovered at sea, there is a large probability that it
has not been stranded before but, for a great majority of cards, the
probability that they have been lying on the shore for several hours, if not
days, 1is large. Thus the distance between the points of release and recovery
is always shorter than the length of the actual trajectory followed by the
driftcard and the time elapsed between the release and recovery times is
always greater than the actual time spend by the driftcard in its trajectory.

When a large number of driftcards have been released almost
simultaneously, the trajectories described by the various driftcards recovered
must be coherent and reflect the actual velocity field of the corresponding
water layer. Taking away redundancy and computing trajectories that
simultaneously fulfill all the constraints imposed by the group of cards
selected should produce a non-synroptic velocity field close to reality.

Annex II gives a detailed description of the algorithm used for computing
the trajectories. These trajectories could be displayed on real time and
stored in disk memory for further processing end plotting. Problems created by
eventual trapping of trajectories in coastline irregularities were in a few
cases solved by manually establishing tangency points which would put the
cards back into motion.
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PROCESSING AN EXPERIMENT

The Experiment to be processed by the DRIFTEX Processing System (DEPS) may
have a wide range of characteristics depending’ on the experiment planning
mode. Two modes were considered:

1. Simultaneous launching at various 1locations of a large number of
drift cards (for example the "Mare Ligqur" experiment), and

2. Repeated launchings at a few locations of small numbers of drift
cards (for example, the "Alexandria" experiment).

The DEPS was ready to accept both modes provided the problem was properly
organized. This included two aspects:

- organizing the data files

- selecting the cards for velocity field computation

Organization of Data Files

A summary of the programmes and data files used by DEPS is given in Annex
III. Two main files were organized:

1. Launching Data File (LDF) containing all the information relevant to
the Launching Data Sets of an Experiment.

2, Recovery Data File (RDF) with all the information received with the
recovered cards.

The LDF file was loaded according to the time of release. For example, all
the releases made by the vessel PETRARCA in the "Mare Ligur" experiment were
grouped under that name. All the releases made in the second week in January
in the "Alexandria" experiment were gouped under JANUARY-II.

The RDF file was named according to the region covered, for example, "Mare
Ligur"” or "Alexandria", since all the data included in it were going to be
used in the computation of a velocity field for that region. This file was
progressively filled as the cards were received. Whether they corresponded to
earlier or late recoveries made no difference. It was an open-ended file that
allowed the data to be processed at any time after the launching, even though
the number of available cards was only a fraction of the total number to be
received on completion of the experiment.

Selection of the Cards

In the process of organizing the problem, the user had to study the
characteristics of the Experiment, as well as the capacity of the DEPS in
order to make a most profitable use of his computer resources. The Launching
Data Set concept was to be followed in organizing the problem, since the
process of card selection was to be made on the basis of simultaneity of the
releases.
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The basic unit, as far as selection of the cards was concerned, was the
Launching Datad Set (LDS). Various releases, even within a LDS, would give rise -
to different trajectories unless they were found to be redundant. Therefore,
if cards were released by small groups in a large number of 1locations, the
card selection procedure could turn out to be ineffective due to an excessive
resolution,

Various criteria could be chosen for the selection of drift cards with
which trajectories were to be computed and the velocity field estimated.
After a first subjective overall study of the data allowed to distribute them
in LDSs, the choice of a Selected Card Set (SCS) on which simultaneous
trajectory computations could be achieved was made on the basis of the
following criteria:

Redundancy (R) Working along two lines:

when two or more release locations were within a
square of side n miles they were considered as
only one release. .

when various recoveries were made in a square of
side n miles only the drift card recovered
earlier was selected. All other driftcards were
rejected,

Geographic Limits (G) All cards with recovery location outside the
bondaries specified were rejected.

Time Limits (T) All cards with recovery times above or below the
boundaries specified were rejected.

Distance Limits (D) All cards with recovery location more or Jless
distant to the release site than the boundaries

specified were rejected.

Velocity Limits (V) All cards with straight line velocities above or
‘ below the boundaries specified were rejected.

| Figure VIII shows an example of selection for two redundant releases of .
the Launching Data Set PETRARCA in the Ligurian Sea exercise.

SAMPLE PROBLEMS

The DEPS was tested with four Sample Problems organised following the
implementation of the DRIFTEX exercise. Three Launching Data Sets (PETRARCA,
RAMOGE and KOROTNEFF), from the "Mare Ligur" experiment, and a fourth one
(ALEXANDRIA) from the Southeast Levantine exercise were processed. For various
reasons the data set from the Rijeka Bay exercise could not be processed.

The processing of these four data sets did not intend to make an
assessment of the surface current field either in the Western Mediterranean or
in the Socutheast Levantine basins. It was only carried out in order to test
the performance of DEPS. Therefore, no interpretation of the results was
attempted (in spite of the modellers' temptations) and the intellectual
property of the authors with regard to the results was respected.

Table 3 shows a scheme of the actions carried out for the complete
processing of the "Mare Ligur" experiment.

I
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Table 3. Actions carried out through DEPS for processing the data

1. Punching of release and recovery data cards.

2, Digitization of the coastline for the entire Western
Mediterranean.

3. Initialization of release, recovery and coastline data files.

4. Loading of all data in the files.

5. Plot of release and recovery points and coastline.

6. Correction of obvious errors in the recovery data and iteration
of 5.

‘ 7. Indexing of the recoveries in IDSs.

8. Computation of statistics.

9. Selection of the four 8SCS: PETRARCA, RAMOGE, KOROTNEFF!/ and
ALEXANDRIA.

10, Computation of the trajectories for subset PETRARCA.

11, Iteration {5 times) of the previous stepg/.

12, Indexing of the trajectory output file.

13. Computation of the intensity/direction histogram for all spatial
blocks affected by the computed trajectories and drawing of the
curient roses.

14. Plotting of the computed trajectories.,

. 15. Steps 10 and 14 were repeated for subsets RAMOGE, KOROTNEFF and
) ALEXANDRIA.

Y/ since the RAMOGE subset of SCS was larger than 90 cards, the two releases
closest to the KORCTNEFF subset were included in the latter.

Some tangency points were manually corrected in ordér to solve some
persistent card trappings.
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"Mare Ligur"

After a selection of the cards was made following the techniques described
above and the trajectories were computed (figures IX to XI), the overall
current field was drawn (figures XII and XIII). Figure XIII is an example of
how the current roses could be collated in order to make general charts of
currents for the Western Mediterranean.

Several well known features of the general cyclonic circulation of the
western Mediterranean bhasin were evidenced by the results:

1. The strong 1longshore current flowing along the northern shores
between the French Riviera and the eastern Spanish coasts.

2. The pronounced cyclonic gyres of the Ligurian Sea and the central
part of the basin.

3. The remarkable absence of recoveries in the Golfe du Lion 1nd1cat1ng
a highly divergent flow.

Another conclusion of the results was that coastal currents in the
Provencal coastal zone are large (up to 1 knot and even mcre). A feature that
may be inferred from comparing figures IX to XI is the fact of the increasing
dispersion as the launchings were done more to the West.

A tentative explanation is the existence of a shift in wind direction from
East to North in the days following the launching of the Experiment. Cards
released by the PETRARCA tock a path leading to the Ligurian coast under the
eastern wind. Cards released by RAMOGE and especially by KOROTNEFF were
subject to more northerly winds (Mistral). By the time the PETRARCA cards
reached the Provencal coast, the Mistral may have been too weak to force them
southwards. This hypothesis should have been checked with meteorological data
for the days following the launching at present unavailable.

"Alexandria"

The original data for year 1977, as well as the complete results of the
processing of the data obtained through Dr. M.A. Gerges for the Alexandria
exercise are summarized in figures XIV and XV,

CONCLUSIONS

The Ligurian Sea exercise, a true international effort, was considered a
trial experiment. Its success was a condition for future large-scale driftcard
exercises to be launched over the entire Mediterranean Sea. Expectations were
rather imprecise as far as geographic coverage and overall time scales were
concerned. They turned out to be cf over a year, covering the entire Western
Mediterranean Sea. For such large scales the resolution defined by the
releases was far too high in a far too small area with a large redundancy in
the launchings.

The following conclusions and learnings can be drawn from the experience
gained through both the organisation of the DRIFTEX exercise and the
development of the computer model for the processing of the data:
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1. A carefully organised exercise has many chances of being successful.
However there are a large number of factors to be kept under control.
Among others:

Designing a pioper driftcard with local languages for the area in
which the driftcards are most likely to be recovered, is a major
task, though the experience gained through DRIFTEX should allow a new
exercise of the kind to progress in a better way.

Organising the launching with various vessels working simultaneously
in a given area should prove in general almost discouragingly
difficult (in this case the DRIFTEX was a specially successful case
due to the interest of the institutes involved).

The mailing facilities given by the Government of Monaco (and for
that case the Postal services of the countries involved (basically
Italy, France and Spain) were remarkably effective. Experience
elsewhere indicates that mailing among different countries is only

' subject to the good will of the person recovering the driftcard who
properly stamps the card. Rewards offered may be in general difficult
to fulfill,

The manpower required for the decoding of the recovery information is
very important (again only the patience of M. A, Vatrican who
personnally decoded the Ligurian Sea information was crucial for the
success) .

The computing power and dedication required in processing the data
make one such exercise a one shot event which only a very well
equipped and staffed computer centre can convert into a routine
operation.

The collection of meteorological data proved to be extremely
difficult during the DRIFTEX Ligurian Sea experiment. Before
embarking in one such exercise the sources of information should be
perfectly clear.

‘ 2. With regard to the scientific value of such an exercise the following
conclusions may be reached:

In view of the uncertainty in determining the recovery time and to
some extent location, the spatial resolution of the DRIFTEX was high.
Taking into account that a velocity of 1 knot is quite an acceptable
one in many areas of the Mediterranean, for every day one driftcard
lays stranded on a beach, the error in the computed trajectory ranges
from nil to eventually 10 miles or more.

As a consequence, one may conclude that driftcard exercises may be
extremely uvczeful for meso and large scale studies and provide a
general view of the velocity field (and its variation in time) quite
reasonable for many purposes.
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The existence of redundancy in the recoveries must be ensured for the
current field to have any meaning. This means that large numbers of
driftcards must be launched at once or in a small period of time.
This increases the cost of such operations in terms of the cards and
of the shiptime required. HRowever, the example of the PETRARCA a
ferry boat sailing from Genova to Corsica 1is a good example of low
cost/benefit relationship.

Redundancy in the launchings should be avoided since 1it does not
improve the resolution of the current field and, in any case, the

precision of the launchings is always much greater than that of the
recoveries.

For an international action of the kind of DRIFTEX a good co-ordination is
required. This implies, particularly at the time of the launching, close
contacts amongst scientists from neighbouring countries not always in a
position to co-cperate directly. Thus the role of the co-ordinating
organization is crucial for the success of the exercise.

The following may be considered as the overall conclusions to be taken
into account for further developments in the methodology and strategy of
driftcard experiments:

Systematic launching of large-scale exercises, provided they are
carefully planned according to the model with which the data are to
be processed, should provide a sound knowledge of the general
Mediterranean surface drift not given by any other method, whether
direct measurements or purely theoretical computations are used alone.

Improvement of the model by changing it from purely dispersive to
convergent/divergent with inclusion of the wind factor should provide
a sound basis for prediction of the trajectories, something that may
be considered basic for the preparation of real-time contingency
plans for oil-~combatting activities.
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Results of current measurements by driftcards, drifters and
currentmeters in the Rijeka Bay exercise. Currentmeter
neasurements were made at 3 m depth for periods of 24 to 72
hours (from Ilic et al., 1979).

Recoveries of driftcards launched during 1976 and 1977 in the
Southeast Levantine exercise (from Geryes, 1979),

Driftcard trajectories obtained during some of the launchings
during the Southeast Levantine exercise (from Gerges, 1979).

Model of driftcard used in the Ligurian Sea exercise. The card
was designed and produced at the IO0C.

Map of the Western Mediterranean basin showing the launching
() and recovery (x) sites for tihe Ligurian Sea exercise., Small
squares indicate spatial resolution and digitized coastline.
Large squares are gpatial blocks for current roses.

Recovery of driftcards during the Ligurian Sea exercise. Notice
that 95 & of the cards were recovered befeore 115 days (4 months)
after the launching took place.

Summary statistics for the whole Liguiian Sea exercise.

Example of detailed Statistics for two redundant releases of
ILDS PETRARCA in "Mare Ligur®™ pxperiment, Cards marked (*#**%*)
have been selected tc build up a SCS. R __n indicates this card

is redundant with cara n.

Plot of computed trajectories for the Launching Data Set
PETRARCA (after S5 iterations).

Plot of computed trajectories for the Launching Data Set RAMOGE
(after 5 iterations).

Plot of computed trajectories for the Launching Data Set
KOROTNEFF (after 5 iterations) showing also spatial blocks.

Spatial distribution of the velocity field in the Northern part
of the Western Mediterranean Sea.

Example of computed current roses for a number of spacial blocks
in the Western Mediterranean bhasin.

Summary Statistics for "Alexandria® Experiment.

Detailed Statistics for "Alexandria" Experiment with selection
of cards.
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Figure I.

Results of current measurements by driftcards, drifters and current-
meters in the Rijeka Bay exercise. Currentmeter measurements were
made at 3 m depth for periods of 24 to 27 hours (from Ilic et al.,
1979)
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Figure VII. Summary statistics for the whole Ligurian Sea exercise
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Plot of computed trajectories for the Launching Data Set RAMOGE (after 5 iterations)

Figure X.
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ANNEX I
INSTITUTIONS AND SCIENTISTS PARTICIPATING IN DRIFTEX

CENTRE SCIENTIFIQUE DE MONACO A. Vatrican
16, Bd. de

Monte Carlo

Principauté de Monaco

STATION Z00LOGIQUE DE VILLEFRANCHE SUR MER P. Bougis
La Darse

Villefranche Sur Mer

France

GRUPO DI RICERCA OCEANOLOGICA DI GENOVA N. della Croce
Via Balbi,

Genova

Italia

CENTRE FOR MARINE RESEARCH ZAGREB Lj. Jeftic
"Rudjer Boskovic" Institute

P.O.B.

Zagreb

Yugoslavia

HYDROGRAPHIC INSTITUTE D. Ilic
Split
Yugoslavia

INSTITUTE OF OCEANOGRAPHY AND FISHERIES M.A. Gerges
Kayet Bey

Alexandria

Egypt

INSTITUTO DE INVESTIGACIONES PESQUERAS A. Cruzado
Passeig Nacional s/n J. Salat
Barcelona 08003 Ll. Miralles
Spain '

REGIONAL ACTIVITY CENTRE FOR MED POL VI (RAC VI)
c/o

Institute for Oceanography and Fisheries

Kayet Bey

Alexandria

Egypt

INTERGOVERNMEN7AL OCEANOGRAPHIC COMMISSION
7, Pl. de Fontenoy

75700 Paris

France
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ANNEX II

ALGORITHM FOR TRAJECTORY COMPUTATION

Trajectory computation is carried out by DEPS following a basically
geometric and kinematic model that only takes into account the time and
location of the release and recovery points of a Selected Card Set. Although
it may be introduced at a later stage, wind action was not taken into account
since at the time it was not considered to be crucial for the purely kinematic
approach made of the problem. The model is basically thought to operate in a
coast-free environment but it includes a mechanism that takes into account the
existence of an irregular box-like coastline which is not crossed by the
trajectories.

The model works on the basis of grouping the cards in blocks and the
corresponding trajectories in pencils. All the cards forming a block remain
in the corresponding pencil while there is no condition for deviation. When a
card comes close to its recovery point or is trapped by the coastline it is
discharged, even if there is time left over. At the initial step there is a
single pencil corresponding to the first block formed by the whole SCS. At the
first deviation a second block is formed and the pencil subdivides into two,
then into three, four and so on until the last card is discharged, giving rise
to an arborescent structure.

The velocity of each individual card is made up of two -components that
contribute with different weights:

block velocity, a commcn time-variant velocity corresponding to the pencil
which is the main component representing the local current

residual vélocity, computed from the straight-line distance to the point
of recovery and the time remaining which is a secondary component
representing a dispersion factor

In the computation of the individual trajectories, four mechanisms are
playing:

1. The arrival points for each driftcard act as attraction poles for the
entire block causing an acceleration of the block velocity. The effect of
each pole is larger, the nearer the driftcard is to the pole and the
shorter the time required to reach it. At every time step, let N be the
number of cards in the block, XR(i), YR(i) and TR(i) the co-ordinates and
time of recovery for card i (i=1,N) and X (i) and Y (i) the co-ordinates at
the present time T. The residual velocity of card i is computed from the
distance of its present position X(i), ¥ (i) to that of its recovery point
XR{i), YR(i) and the time remaining before reccovery:

U(i) = (XR(1) = X(1))/(TR(1) - T)

V(i) = (YR(i) - ¥(1))/(TR(i) - T)
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The attraction experienced by the block from the pole corresponding to
card i is given by the difference between the block velocity and the
residual velocity of this card. Thus the contribution of this card to the
local acceleration of the block at time T is:

i}

AX (1) (U(i) - UB)/(TR(i) - T)

AY (1) (V(i) = VB)/(TR(i) - T)

where AX (i) and AY (i)} are the components of the acceleration in the X and
Y directions due to pcle i, and UB and VB the components of the block
velocity, defined as the sum of all the individual accelerations.
Therefore, the time change in the block velocity at this time step is:

(UB(T+dT) - UB(Tj))/dt sum (AX(i), i=1,N)

(VB(T+dT) =~ VB(T})/dt sum (BY (i), i=1,N)

The natural dispersion phenomenon is introduced in the model through a
correction applied to each individual card. This correction consists in
adding a small peicentage of its own residual velocity and subtracting the
same percentage from the block velocity. This percentage is given by a
card binding factor FT (0.2 - 0.3). Tnhus, for each time step &T, the next
position for each card is given by:

X (T+aT) X(T) + FT*U(1i)*dT + (1-FT)*UB*aT

Y (T+dT) X(T) + FT#V(i)*dT + (1-FT)*VB*dT

As the pencil progresses, residual velocities from poles that lay in the
direction of the pencil decrease or, at least, do not increase, but those
from poles located in opposite directicns increase. A deviation is
produced when the ratioc between the recidual velocity of the fastest card
and the block velocity exceeds the value of & parameter P (1 - 2). When
this happens, if the difference between the angle of its residual
velocity @ and the angle of the block velocity B (see figure I) is
smaller than a constant Y (=2 102), the deviation makes no sense and is
not consumated. If this difference is larger than Y , the circle is then
divided into two semicircles by the bisectrix of the angle difference
between @ and B . Those cards located on the side of the deviated card
define a new block and pencil and they, as well as the corresponding
attraction poles, are considered as discharged from the old block.

This methed may force cards to deviate when in fact, due to their small
residual velocity, they have plenty of time to reach their poles and may
as well follow the old pencil. Therefore, unless cards have a residual
velocity of over 20% that of the fastest deviated card, they are not
allowed to deviate and are forced to follow the old pencil.
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0(3) ©

Figure I. Mechanism for deviation

‘ Card 4 deviates because U(4)W>P, and O -P 7 Y
Cards 3, 5, 6, 7 remain in the old block (U(6)/U(4) < 0.2)

Cards 1, 2 follow card 4 and start a new pencil,

W block velocity

U(1i) residual velocity of card i

I semicircle corresponding to old pencil
II semicricle corresponding to new pencil
a angle of fastest deviated card

B angle of block velocity
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When, in a time step, a newly computed.position for a card lays inshore,
it may be close to the recovery location in which case it is discharged by
proximity but, if this is not the case, some other point at the same
distance but in the sea~ is chosen such that is the nearest to the pole.
It could happen that the diffecrence of the angles between the computed
point and the chosen one, relative to the last step's position, were more
than 902. This would imply a backwards displacement and the trajectory
would most probably enter into an endless oscillating trap.

Trapping of cards occurs normally when the coast is locally concave in the
direction normal to the trajectory. Trapped cards are processed
separately from the pencil. First, they are discharged from the block and
their trajectory finished at the trapping location., Second, the shortest
way along the coast to reach its pole is computed, first to the left, then
to the right. The point from where the card would be allowed to proceed
is considered the 1last tangency point and saved, as well as the
corresponding estimated time, for further iterations.

This model has shown some instabilities dua to "inertia and peculiar
situations. Amcng others:

- When the ratio of the block velocity over the maximum residual
velocity is larger than the value of a parameter Q (0.2 - 0.3),
especially during the first time steps, a correction is made by
substituting the largest residual velocity of the cards in the block
for the block velocity.

- Just after onc card has been discharged at a recovery point or by
getting trapped, a correctien is artificially introduced by reducing
the block velcocity by a factor DE (£ G.5). The same is done with the
old and new block velocities when a deviation takes place.

- If, in a deviation, all the cards are located on the side of the new
pencil and the c¢ld block remains empty, the deviation is not
consumated but the velocity is reduced as if it had occurred.

- In computing the residual velocities for all the cards in a block,
allowance is made for time lost in turnings around the coastline by
increasing the velocities by a factor that is a function of Q.

- Tangency points may be used in subseguent iterations of the model,
using them as temporal attraction poles. Thiszs method gives more
realistic values to the residual velocities than if computed as just
straight—line velocities and in this way the overall behaviour of the
model is closer to a coast-free environment for which the model was
built.
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ANNEX ITI

DEPS PROGRAMMES AND SYSTEMS CHARTS

An Integrated Set of Programmes

The DRIFTEX Processing System (DEPS) is an integrated set of programmes
and data files that allows the thoroush processing of the driftcard release
and recovery information with a minimum of operator's intervention. The user
of the DEPS, almost mechanically, can carry out the complete processing of his
experiment, beginning with the loading of the release and recovery data and
ending with a number of current roses covering the enhtire region. Statistics
on the recovery/release ratio and straight-line velccities are computed and
used as the basis for selecting a group of cards that will constitute 2
Selected Card Set (SCS) used for the computation of a number of trajectories
coherent with the underlying velocity field. Programmes for graphic displays
of the results and various intermediate steps are also included in the DEPS to
allow for a close follow-up of the entire process.

Four groups of programmes deal with the various functions that the DEPS is
capable of carrying out:

1. Service Programmes: Include initializaticn of files, loading of release,
recovery and coastline data and modifying the data files to allow for
correction.

2. Statistics Programmes: Include plotting of freguency histograms, distance
vs. time diagrams, overall and deteailed statistics as well as automatic
selection of driftcards to be includea in a SCS.

3. Trajectory Computation Prcgranmess Include computation of the
trajectories, indexing of the output file for further use and drawing of
the trajectories in real time on a screen.

4, Display Programmes: Include plotting of maps, release/recovery sites,
computed {rajectories, current roses and printing out of the current data
for every spatial box considered by the experiment.

Three groups of data files contain the information required for the
complete processing:

1. Input Files: Contain release data, recovery data and coastline data.

2. Working Files: They have been kept to a minimum but there are three files

one containing the Selected Card Set and computed tangencies, a second
containing block and pencil data and & third contalining summary
information of the computed trajectories.
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3. OQutput Files: Contain data wused for the display of the computed
trajectories and velocity field. One <ontains the computed trajectories
formatted according to the block and pencil system and the other is an
index file that allows a synchroncus scanning of the previous one.

Some of the programmes and files are optional, while others are required
by the DEPS. However, the user should decide on which is the final structure
of his system according to his particular needs. In order to use DEPS at its
full capacity, all files and programmes should be implemented.

All programmes print messages when error conditions are found or when
information is useful for further processing. They also support options for

printing out the data contained in the files.

Service Programmes

This group includes programmes that deal with preparation of the various
data files, lcading of the information required by the other programmes and .
for modification of the data. Table 1 gives a summary description of each
programme.

Table 1. Service programmes

Name Description )
CLIDF Clears and initializes data files.

LDCST \ Loads coastline data digitized.

LDLDS Loads release data structured as LDSs.

LDREC Loads recovery data unstructured.

MDEIC Modifies data in the recovery data file. .
MDSCS Modifies data in the SCS file.

Statistics Programmes

This group includes programmes that compute statistics, printing
the results, plot the raw data in various ways and make the selection of the
cards that constitute the SCS for further computations. Table 2 gives a
summary of these programmes.
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Table 2. Statistics programmes
Name Description
INREC Indexes the recovery file according to LDSs.
STTPL s time bhistogram and distance vs. time

Plot
diagramn.,

STTCS Produces statistical computations and selection
of drift cards.

Trajectory Programmes

This group includes three programmes that deal with the computation
of the trajectories, beginning with the selection of a subset of the 5CS,
computation of the trajectories, analysis of the output file for further
processing and indexing of the output file for synchronous work. The
programme names and a summary description are given in table 3.

- Table 3. Trajecteory programmes

Name Description

INDRI Selects a suo&et of drift cards from the SCS,
computes trajectories and saves output data.

ITRJI¥F Analyscs the contents of the output file and
surmarizes it.

PSYNF Prepares an index file for synchronous use of
the output.
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Table 4. Cisplay programmes

Name Description

PLOTR Plots coastal boxzs, release/recovery sites and
computed trajectories.

ROSES Computes and prints a direction/module velocity
histogram and plots a current rose for each of
the spatial boxes in which trajectories are
defined.

FIELD Plots the velocity field computed by averaging
all the velocities computed in every spatial box.

SEQPL Sequentially draws the trajectories on the
screen.

SYNPL Synchronously draws the trajectories on the
screen.

Display Programmes

This group of programmes includes a variety of options mostly
displaying on the printer, the plotter or the screen the output of either raw
data or trajectories. They also compute the current roses for the various
spatial boxes as well as the velocity field underlying the trajéptories. A
summary description is given in table 4.

General Systems Charts

Figure 1 shows a block diagram of all the programms and files that
constitute the DEFPS.

Programme Sequence Chart

Figure II shows a normal deck of computer control cards required to
carry out a complete processing of a driftcard experiment.
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. | | |

1. Czeate Files , Compute’
. 4,12,14-" | . Statistics | 9.
L ' and Select
Initialize S5C5
2. Files
V
3, Load Daota kT &
[Modi f Sclect
y sclecCt @
¥ Data 4a. Gad 1\ Sybset of
4 Structure 7 SCS
. Recovery
Fite and !
Print Compute c
L Trajectories 10.
Correct>—HN—" : M9dify SCS x '
. , 10a.| jwith new =i heT _
t tongencies*”‘ﬁf’ <:?'r? ﬂévégtd4é>
- . ;‘pv / ."'
Plot ‘ ' N
, Releose/ ¥ .
S Recovery : Draw frojec—1i 11,
Data torics i
| b
- ' ' Compute
Current 12,
Roses
6 Set Selection‘ B
Crlierlc ‘14g:E:E%§\\
. v ocessed? -
p Create Files ‘
* | 16,10,28,29 ¢ T

3 ‘ Initialize - ED )

Files

1

Figure II. Normal deck of computer control card reguired to carry out a
complete processing of a driftcard experiment
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// I8 LIcuR

// oup

*DFILE X WF4. 48 0022
SDFILE VA LBF12 14 0202
*DFILE VA ROF14 14 0002
*DFILE FX SCS16 30 0256

// xtQ cLicF 1
SFICES(4,007 4),(12,L0F12), (14,5071 4), (16,52516)
4 12 14 16

MARE LIGUR
// KEQ LDTST 1
TFILES(4,CTF4)

Coostline Doto Cords
// XEQ LoLDs 1
*FILES(12,L0712)
PETRARC

Releose Dale Cords
RANOGE

Pelecse Deto Cords
KOROTNEFF

Relecse Dotso Cards

1

// XeQ 1oRic 1
*FILES{1¢,fDF14)
MARE LICUR

Recovery Dcta Cards

1
// xeo jueec 1
SFILES(12,L0F12),(14,F0F 1)
PETRARCA
MOGE

KOROTNEFF

// xeq s1Ics 1
SFILES(12,00012), 014,800 14), (16, 5C516)

PETRARCA 1 1
RAMUGE i 1

KOROTNLFF 1 }
// XB PETRA

// bup

SDFILE FX BLPIO 100 0256
*DFILE FX OUT28 400 0022

// xea 1or1 1
*FItes(4,cord),(10,6LP10),(i6,5C514),(28,0uT28)

«300. 1700, 3500, 4500, 4, 0.7190

1.5 10, 0.3 2. 0.5 0.3
 LCrift-cord Selection Cords .

/o T

*OFILE . CUA 1ND2? 2 0254

// X£0 ITRUF i

*FILES(10,8LP10),(23,00T25), (29, T1:029)

// xeq pLotR 1

SFILES(4,c0F 4),(12,L0F12),(14,ROF14), {23,00T28), {27, It 29)
-300, 1700, 3500, 4500, 4, . 0,7150
// XEQ ROSES 1

SFILES(28,0122),(29,11229)

-300, 1705, 3500. 4500, 4, 0.7190
/7 eoy

// 08 grr06

Some os for PETRA
// XoB KOROT

Some os for PETRA

Figure II1I.

5.

Foer
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INPUT/OUTPUT AND FILES

General Format Characteristice

The DRIFTEX Processing System (DiEPS5) has been designed to make use of disk
files whenever possible to keep the nurber of card reading actions to as low a
level as possible. Besides, foomats have been uniformized to the maximum
allowed by the fact that use of data is sometipes more efficient in real form
and sometimes in integer form. A description of the more common formats is
given below:

1. Original data both for releases and recoveries are expressed normalily in
geographical units (latitude and longitude) and calendar units (year,
month, day and hour). Driftcard identifiers are always a number between 1
and 9999. In the Original Data Format (ODF), all the variables are used
in integer form. Latitude and longitude are expressed as degrees X 100 +
minutes (resolution is 1 minute), positive being N and E, negative. .S and
W. The year is expressed only with the lower two digits and the month is
given by the order number of it. The hours are expressed from O to 23.

2. 1In all internal computations longitude, latitude and time are considered
as real numbers., Longitude and latitude are expressed 1in miles with
origin in a hypothetical point of longitude O and latitude 0 located in a
plane tangent to the 452 parallel (cosins = 0.719). Time is expressed
in hours. This format is called International Dats Format (IDF).

3. A third type of <format, used only in the output file and for screen
draving consists in a projection of the region considered by the DEPS to a
square matrix of 3000 x 3000 integer points. This Screen Data Format
(SDF) allows a more packed structure of the output file otherwise very
large.

4. A common feature to many programmes is the reference to a geographic
frame. This allows the conversion of the geographical co-ordinates to the
various formats expressed above. The geographical frame of reference is
normally entered via a punched cerd with the geographical 1limits (XMN,
XMX, YMN, Y¥YMX), the spatial resolution {(in miles), the cosine of the
average latitude (0.719) and the nurber of spatial boxes for which the
velocity field is to be defined (in resolution units). Other information
may also be included in this card for the use of individual programmes.
The punching format corresponds to FORTRAN (FORMAT(7F10.0)) .

5. Finally, names for Experiments and for Launching Data Sets are formed by
10 characters (alphanumeric) of which the first two cannot be blank at
once. These names are entered via a 5 element integer array read as (5A2).

Sy




UNEP/WG.118/Inf.6
Annex III
page 8

Preparation of Input Data

The data corresponding to the release of drift cards at one or more
location at a given time may be considered a LDS. Consecutive driftcard
numbers should always be used, otherwise statistics will be erroneous.
However, if cards are not consecutive every card may be considered a different
release. This would give rise to a larger Launching Data File than the
Recovery Data File and would be a waste of disk space. A better solution is
to renumber the drift cards released and make an eguivalence table, Relecases
that conform to the conditions expressed above (simultaneity and proximity)
may be included in a single LDS. A careful check-out of the release data
should be made before loading since there is no provision for modification of
the LDF except by re—-loading after initializing.

The data corresponding to the recovery of the driftcards may be loaded
immediately after they are received at the co-ordinating centre and translated
into geographical co-ordinates. Correction, deletion or addition of individual
data is possible. However, a careful check should be made by plotting the
release and recovery data together with the coastline data in order to
pinpoint erroneous data always present in such large data sets.

The data corresponding to the coastline should be taken from a good
nautical chart of the region. The cosinus of the projection is computed by
dividing one degree of longitude by one degree of latitude. The resolution
should be defined such that the main features (straits and channels) are not
lost and then a grid may be drawn by the computer or manually. The grid will
indicate the number of each box, beginning at the lower left corner (XMN,
YMN). Grid numbers ({(column number, number of boxes in column, box numbers)
should then be loaded into the Coastline Data File (CDF4}.

Disk Storage Requirements

A total of eight disk files are used by the DEPS if it is to be used at
its full capacity. They vary in size and record length. Some of them could,
as well, be located on magnetic tape as their use is absolutely sequential,
however, most of them are accessed randomly and they should be located on
disk, Some of the files should be locacted in different disk drives than
others to avoid read-write lags. Files used by the trajectory computation
programme INDRI and the segments linked to it should be in fixed adress and/or
variables. Table 5 shows the characteristics of the DEPS files . \
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Table 5. Disk files usced by DEPS
File File Length/ Seckbors Vi Disk Initialize
Number Reccrd Length (640 bytes) X Drive
4 480/32% 44 ¥ 1 Yes
10 1600/20 150 FX o] Yes
12 560/8% 14 UA 0,1,2 Yes
14 400/ 8% 10 UA 0,1,2 Yes
16 600/16 30 X (0] Yes
28 32000/ 4% % 430 FX 2 No
29 4/90 2 UA 0,1,2 No
30 32000/ 1%% 100 UA 0,1 Yes

% ¥wile lenath should be adapted teo the specific reguirements
= =

*% FPile length is the maximum permissible ia the IEN 1138 system

COMMENTS AND HINTS

A number of minor problems arose when using the DEPS, mostly in connection
with the trapping of cards. Characteristics of the coastline, comnbined with
peculiarities of some driftcards and pencils lead sometimes to cumbersome
difficulties. However, the system was adapted to these kind of problems and
the most that may happen is that a particular card bhas to be removed from the
SCS or a manually derived tangency point entered via the MDSCS programmc. In
the course of working with the DEPS a number of hints have been found to help
solving some of these problems. These are some c¢f the hints that shculd be
taken into account:

1. When digitizing the coastline, care should be taken in that bozes elways
have a continguous side. Boxes only connected through vertices 3
trajectories to proceed through the coastline.
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2. When, after esteblishing the sclection criteria, it is Found that too many
cards are selected, subscets may be chosen by grouping the nearest releases
(see "Mare Ligur" problem).
3. It may happen that due to the pcculiar structure of the coustline, cards
are systematically trapped at some point. Two actions may be taken:
{a) choange the coastline by introducing scme new box  acting as  a
"stopper" or eliminating some box as in a2 "blind" island channel, or
(b) introduce manually some tangency points. Estimation of the
corresponding tangency time should ke very careful,
These corrections will reduce the overall running time by avoiding the
cunbersome job of untrapping cards.
4. It may happen that due to a long distance sting between the trapping
point and the recovery location a Ccid can naver attain its pole .
{a message is printed). In this case the recovery deta should be chacked .
because it may heppen that the pele is inland., If this is not the case,
then a manually introduced tangency point may solve the problem,
5. It 1is normally useful to pass the trajectory programme various times
(4-5). Every iteration reduces the number of trepped trajectories ana ‘
brings them ClOuG to an errcr-frec cnvircenment, Only after being sure of
the computed trajectory set being ccrrect should it be recorded on the .
output file.
6. It may be interesting to work with different space scales. In a first
run, the overall behaviour may be interesting. Lttrr on, a more detailed
analysis may be made on the region around the launching arca.
- . : . £
7. The same 1is true with time, After &analyzing all the recoverizs, & !
selection may be made cn the hasis of time. PRecoveries with, say, more
than 2 months may hbe nsglected STIPL may help).
8. Slow cards may introduce sowe difficulties if they have not been removed .
in the selection process. This is especially tcue with cards having a
-

i
medium range., They may be excluded by using a velocity limit. In the
sample problems 0.81 knot has been set as the minimum velocily (residuzl
velocity).

9. It may be exciting to change the value of the parameters. Trajectories
may drift into outer spacel! If they are changed at all, care should be
taken to do so et the beginning of the iterations and changes should be
small.




