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Abstract

Using a GIS-based approach, bathymetric surveysrardime traffic records were combined to deteenin
resurvey priorities within the Belgian ContinenSdielf (BCS). Four reference layers were producBdwéter
depth; (2) maximum absolute change in water dé@dship traffic intensity; (4) maximum ship draaghhe
reference layers were reclassified and mergedsinteighted overlay analysis. Two combinations géta and
weight factors were used and resulted in priorigpsdiffering greatly from each other.

The reliability of the analysis depends on the wajght factors are assigned, and on the availgfaitid accuracy
of the data. These are limited for bathymetric sysv

This empirical GIS-based methodology can be appdieda whole to a zone showing various morphodynamic
patterns. It can also be automated: additionalsgtdéacan be included in the analysis, and diffeseaharios and
assumptions can be easily tested.
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1. INTRODUCTION

This study aims at defining a resurvey policy for
the Belgian Continental Shelf (BCS). This policy 9
should divide the BCS into zones classified
according to their resurvey priority.
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2. METHOD

2.1  Study area

The BCS has an area of about 347G.Kbredging
zones (56 km?2) were excluded from the stud;?ﬁ-
because they are surveyed and dredged on
regular basis. Coastal zones (118 km2) were nc
considered neither: a 1.5-km wide buffer zone ) ,
along the Belgian coast was defined (Figure 1). Figure 1. Study zone (Belgian Continental Shelf).
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2.2 Data Flemish  Hydrographic ~ Service  (Vlaamse
Hydrografie) for this study. Most of the surveys
2.2.1 Bathymetric data (32) were carried out using single beam echo
A series of 38 bathymetric surveys conducted sounders (SBES), with a track spacing of 100 or
between 1997 and 2011 was provided by the 200 m. The rest of the surveys were carried out

using SBES with a narrower track spacing (4
surveys) or using multibeam echo sounders -
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MBES (2 surveys). All surveys were provided asAll data processing was executed using ArcGIS
tabular files. Desktop 10.0, the Esri GIS software.

2.2.2 Maritime traffic data 2.4.1 Bathymetric data

Ship traffic intensity and draught are measured bBathymetric point datasets were converted to
Automatic Identification System (AIS) signals. DEMs (Digital Elevation Models) using the IDW
AIS is an automatic tracking system used on ship@nverse Distance Weighted) interpolation method,
for identification and location. AIS signals foreth with a cell size of 25 m, search radius of 100 m,
period October 2010 - September 2011 wer@eighbours comprised between 4 and 15. These
provided by Agentschap voor Maritieme parameters were chosen based on the assumptions
Dienstverlening en Kust, the agency for maritimemade by Van Dijk et al. (2011) and on the
services, coastal mobility and public works of thespecificities of the datasets (e.g. track spacing).
Flemish Government (Maritime Rescue andA surface of minimum water depth was produced.
Coordination Centre or MRCC) as tabular files.The maximum absolute change in water depth was
This represents about 3,843,000 records within thglso computed. This maximum depth change value
extent of the BCS. allows detecting zones with seafloor dynamics.
The source records were filtered by the MRCC s®ue to the lack of available bathymetric data,
that the minimum distance between two signalsinnual variation rates (m/year) were not
from the same vessel is 1 km. But there is at leasgfalculated. For the same reason, the vertical node
one signal per hour, which means that records faipproach used by Van Dijk et al (2011) could not
an anchored vessel are less than 1 km apart. be implemented: it requires time series of at |18ast
In order to avoid counting anchored vessels agepth values to be reliable.

separate vessels, an extra filtering has beeneppli

to the data. Using a grid of 1 km-wide cells,2 4.2 Maritime traffic data

records were filtered to keep only one signal from\|s records were filtered as described in
each ship per day and per cell. When those signglragraph 2.2.2. Raster grid maps with a resolution
from the same ship had different draught valuesyf 1 km2 were produced for ship traffic intensity

the signal with the largest draught value wagghips/kmz.year) and maximum draught (m).
selected. This filtering process might delete digna

from a ship doing a round trip via the exact sam

route i the BOS the same day. ®.4.3 Weighted overlay analysis

All four grids (minimum water depth, maximum
absolute depth change, traffic intensity and
maximum draught) were combined in a weighted

] ) overlay analysis. Values were reclassified inte fiv
2.3.1 Horizontal coordinate system classes prior to overlay in order to avoid a very
The horizontal coordinate system of all data angyyge number of resulting categories. In a weighted
maps used in this study is WGS 1984 UTM Zongyerlay analysis, each parameter is assigned a
31IN. weight factor, so that it is possible to fine-tlite
importance (see equation 1):

2.3 Coordinate systems

2.3.2 Vertical coordinate system
The vertical coordinate system of data used in thigp = a*WD + b*DC + ¢*Tl + d*MD (1)
study is LAT (Lowest Astronomical Tide).

where RP = resurvey priority; WD = minimum
2.4  Method water depth category; DC = water depth change
The methodology developed here is based mainlgategory; Tl = traffic intensity category; MD =
on the validation of the resurvey policy of themaximum draught category; a, b, ¢ and d = weight
Netherlands Hydrographic Office (Van Dijk et al., factors. The sum of all weight factors should be
2011), which is the most advanced study orequal to 1. Parameters with a major influence, or
resurvey strategy available among countries of theiith a higher accuracy, should have a greater
North Sea Hydrographic Commission (NSHC).
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weight factor than parameters with a minor

influence.
2.5 Results

2.5.1 Bathymetric data

2.5.3 Weighted overlay analysis
Values from each dataset were reclassified into 5

categories, as detailed in Table 1.

The maximum absolute variation of water depth

was calculated for zones with at least two ava#lablTable 1. Initial and reclassified values and weight

surveys. Depending on the zone, this variation igactors for water depth, water depth change, ghiffic
observed over a period ranging from 1 to 11 yearsntensity and maximum draught.

Mappipg these changes gives a first insigh_t into initial Recias- Weight
dynamic and stable zones. Zones covered with legg,er range of | sified
than two bathymetric surveys represent more than values value 1 2
half the BCS (Figure 2). The variation of water <-20 1
depth in these zones could not be calculated a denth -15--20 2
has been fixed to a constant value (0.194 m, i.%&n"’)uer ept 8--15 3 | 0.50| 0.50
mean water depth change for zones with at least -3--8 4
two surveys available). >-3 5
Maximum <0.1 1
water depth 01-03 2
- 0.3-0.5 3 0 | 0.20
Number of available surveys change 05 -1 2
(m) :
o1 >1 5
1. <10 1
2 Ship traffic 10-100 2
3] intensity 100 - 500 3 0 | 0.10
AT (ships/km2.year) 500 - 1000 4
5_.3mm > 1000 5
<3 1
Maximum 3-8 2
draught 8-15 3 0.50| 0.20
(m) 15-20 4
20-25 5

The greater the reclassified value and weight, the
greater the resurvey priority should be.

The values used to reclassify water depth and
maximum draught correspond to the maximum
ship draught allowed in the following ports:
Nieuwpoort (up to 3 m); Oostende (up to 8 m);
Zeebrugge (up to 15 m); Antwerp (up to 20 m);
Rotterdam (above 20 m).

Maps of the reclassified parameter values are
shown in Figure 3 through Figure 6.
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Figure 2. Availability of bathymetric surveys.

2.5.2 Maritime traffic data

AIS signal density and maximum draught were
mapped after filtering of the anchored or dredging
ships. Ship traffic intensity varies from 0 to 339
ships/km2.year. Maximum draught is comprised
between 1.2 and 25 m.
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Reclassified ship traffic intensity
mm class 1° < 10 ships/km? year

m class 2° 10 - 100 ships/km? year
—class 3: 100 - 500 ships/km?.year
= class 4: 500 - 1000 ships/km?®.year
), W class 5: > 1000 ships/km?® year

Reclassified water depth
I class 1< -20 m
Emdclass 2:15--20m
Jclass 3: 8--15m
mmmclass4:-3--8m

B class 5> -3m

Figure 3. Reclassified water depth values.

Figure 5. Reclassified ship traffic intensity vadue

Reclassified water depth change
. class 1 <01m

m class 2:0.1-0.3m

Cclass 3:03-05m

i class 4:05 -1m

Reclassified maximum draught
Jclass 1: <3 m

[class 2: 3-8m

Elclass 3: 8-156m

M class 4: 15-20m

. class 5 -1m

-class 5:20-25m

Figure 4. Reclassified water depth change values. Figure 6. Reclassified maximum draught values.

The weighted overlay analysis was performedPriority zones were then drawn manually to fit the

using two different combinations of parameterdimits of the BCS, the dredging and coastal zones,

and weight factors: (1) only water depth andand as much as possible, the overlay layers (Figure
maximum draught are considered and have th@ and Figure 10). These priority maps show

same influence (50% each); (2) all four parametersoticeable differences, emphasizing the

are considered and have various weights (seéenportance of the choice of parameters to be

Table 1). included in the analysis and of the weight factors

The result of the weighted overlay analyses isssigned to these parameters. Only four categories
shown in Figure 7 and Figure 8. could be distinguished for both cases.
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Figure 7. Result of the weighted overlay analysisdal

Figure 9. Proposed resurvey priorities based or2the

on two equally weighted parameters. Category 1lshou parameters weighted overlay analysis. Categorysl ha

have the highest resurvey frequency and category 5

should have the lowest frequency.

the highest resurvey priority and category 4 has th
lowest priority.

Resurvey priorities
1
. 2
/3
4
5

Resurvey priorities

[
/2
3
. 4

Figure 8. Result of the weighted overlay analysisdul

on four parameters. Category 1 should have theekigh

resurvey frequency and category 5 should have the
lowest frequency.
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Figure 10. Proposed resurvey priorities based ertth
parameters weighted overlay analysis. Categorysl ha
the highest resurvey priority and category 4 has th
lowest priority.
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The relative area of priority zones is given in [Eab better reflect the influence of each factor on
2. resurvey priority. This implies a sound
understanding of bathymetry, sand dynamics and

Table 2. Relative area of the resurvey priorityeand maritime navigation.

other activity zones in the BCS.

Area — Case 1 Area — Case 2

Zone Percentage of the Percentage of the 4. ACKNOWLEDGMENT ) )
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depth, maximum absolute change in water depttMRCC have provided AIS signal data and
traffic intensity and maximum draught values).answered my many questions regarding the format
These reference layers were combined in and specificities of the data.
weighted overlay analysis to produce maps of the Leendert Dorst from the Hydrographic Service of
BCS split into zones indicating resurvey priority. the Royal Netherlands Navy invited me to attend
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