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ABSTRACT: Quantities of oil spill data are collected, but usually only general statistics are carried out. The
involved authorities often have to deal with statistics as additional work besides their main activities. Therefore,
the article contains oil spill statistics as supplementary to official reports. The German spill data for the ten year
period 1989 to 1998, acquired by aerial surveillance, were analysed in combination with the corresponding
flight data. Detailed flight hour standardised spill data are presented, furthermore, spill density maps intro-
duced. The results of standardising the spill data using the flight data proved to be very important. The stan-
dardised spatial values, as well as the values in respect of time, showed other patterns as the not standardised
values. In addition to flight hour standardised spill maps, charts and tables, the use of spill density maps is rec-
ommended. As shown here, this would allow to distinguish easily and correctly between zones of different spill
density.

1 INTRODUCTION

Pollution control aircraft operate since 1986 in Ger-
man territories of the North Sea and Baltic Sea (Fig-
ure 1) and detect some 150 to 250 spills per year. Oil
spill monitoring in Germany is part of the responsi-
bilities of the Ministry of Transport (BMVBW).
Pollution control flights are carried out by the Third
Navy Air Wing (MFG3) as part of a cooperation be-
tween the Ministry of Transport and the Ministry of
Defense (BMVg). Two Do28 have been put in ser-
vice in 1986. They have retired in 1989 and 1995
and have been replaced by two Do228. The prepara-
tion and coordination of clean-up measures is done

by the Special Federation Unit for Marine Pollution
Control (SBM), further tasks are carried out by the
Federal Maritime and Hydrographic Agency of
Germany (BSH). General official statistics are made
by the SBM and BSH.

The monitoring equipment of German PCA is
one of the best worldwide, including Side-Looking
Airborne Radar (SLAR), Infrared/Ultraviolet Scan-
ner (IR/UV), Microwave Radiometer (MWR) and
Laserfluorosensor (LFS). Germany is besides Can-
ada the only country operating a LFS. The LFS is
the only way to do a rough analysis of the substance
out of the flying aircraft and to prove or disprove the
presence of oil. The aircraft are operated on 8 differ-
ent routes in the German Baltic Sea (OS) and North
Sea (BA, BA/NL, ES, FS, FS/DK,VTG, VTG/NL).

In order to have a proper definition of the used
samples, if not otherwise stated, only samples of
those 8 standard routes are used for calculations (all
others are summarised as ”else”). This results for the
flight data in nvalid = 3195, nelse/missing = 454
(= 12.4 %), ntotal = 3649 with nelse/missing containing
58 samples without any route information and 396
samples with a route information not listed above.
For the spill data, the number of samples is
nvalid = 1428, nelse/missing = 271 (= 16.0 %), ntotal =
1699. In case of analysis of multiple variables, nvalid

might further decrease in respect to the availability
of data for the further variables (Table 1 and 2). TheFigure 1. German Do228 LM pollution control aircraft (PCA)
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flights with a route label not listed above are to a
certain extent carried out as international flights out-
side German territories. Using only the 8 described
route labels guarantees that the described data has
been gathered only in German territories.

Tables 1 and 2 describe the quality of the data.
They show, that the most important variables are
given for a very high percentage of the samples. In
contrast to the international data described in von
Viebahn (2001), German data is very homogeneous
and complete. All data sets contain the information
“date”, 98.4 % of the flight data contain the route in-
formation, enabling a high quality of the calculation
of the coverage and the standardisation of the spatial
spill patterns. Concerning the location of the spills,
the German data is precise, too. Coordinates are
provided with degrees (dd), minutes (mm) and
decimal seconds (s). This results in a spatial accu-
racy of less than 200 m.

The data structure is mainly suitable for auto-
matical operations. Bearing two variables in one
column, the coordinate information and the com-
bined length/width columns had to be separated be-

fore processing. Units of the measured values were
provided within the data base itself, making filtering
necessary. Recommendations for an optimised data
structure are also given in von Viebahn (2001).

2 FLIGHT CHARACTERISTICS

Figure 2 shows the 8 different routes buffered 20 km
respectively 30 km left and right of the nadir. This
gives an approximation of the coverage of the used
wide area sensor, the side looking airborne radar
(SLAR). Good monitoring conditions assumed,
spills can be detected up to 30 km off the aircraft.
The figure shows the 20 km buffer as assumed mean
monitoring coverage and the 30 km buffer as cover-
age under favourable conditions.

Figure 2 has been created using the buffer func-
tion of ArcView. The line theme containing the
route information has been buffered at a distance of
20 km respectively 30 km incl. dissolving the barri-
ers between the buffers.

In Figure 3, the number of flights per route is
taken into account, in order to determine the flight
density. It is based on the 30 km buffer shown in
Figure 2. Each route has been buffered separately
and provided with the flight frequency as attribute
data. The themes have been unioned using the Arc-
View Geoprocessing Wizard producing the different
polygons. The sum of the preserved attribute data of
the flight frequencies is displayed in the figure. On
some routes, the buffer for west- and eastward seg-
ments of one flight overlap. As the time span be-
tween these overpasses is usually very short, they
are not counted as two observations. This means,

Figure 2. Coverage of German pollution control aircraft today. The figure shows the 20 km buffer as assumed mean monitoring cov-
erage and the 30 km buffer as coverage under favourable conditions.

Table 1. Samples flight data.

Data sets Nr. %
Total (given: date) 3649 100
Incl. route 3591 98.4
Incl. Time take-off and landing 3078 84.4

Table 2. Samples spill data.
Data sets Nr. %
Total (given: date, time, coordi-
nates, routes, coverage)

1699 100

Incl. Spill length and width 1695 99.8
Incl. Quantity ≠ 0 1360 80.0
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that one flight is always regarded as one overpass.
The Bight of Helgoland is the best covered area, fol-
lowed by the area north of the East Frisian Islands.

3 SPILL CHARACTERISTICS

Von Viebahn (2001) characterises oil spills in Ger-
man territories from 1989 to 1998 in detail. The re-
sults can be summarised as follows. Stem-and-leaf
plots for the spilled quantities and areas covered of
the spills show, that 3/4 of the spills detected on the
8 routes cover an area of less than 0.8 km2 each and
amount less than 0.25 m3 each. 50 % comprise less
than 0.025 m3 each and cover less than 0.2 km2 each.
This shows that very small spillages
(50 % < 0.025 m3) make up a large percentage of the
cases. But more than 10 % make up more than 1 m3

each and 2.5 % make up more than 10 m3 each.
More than 10 % cover more than 2 km2 each and
about 2.5 % cover more than 10 km2.

The coverage of the detected spills is measured as
the oil covered percentage of the area of the smallest
possible rectangle that would contain the spill. Only
in 30 % of the cases, the coverage is less than 50 %
of the area. Very often (almost 60 % of the samples)
the coverage is between 50 % and 80 %. Only 12 %
have a higher coverage than 80 %, which is impor-
tant to take into account for providing a good pre-
paredness for clean up measures.

3.1 Spill density

The spill density is a measure for the number of spill
detections per area. The densities have been calcu-
lated using the following procedure.

3.1.1 Method
The coordinate information contained in the spill file
has been converted from geographical coordinates
into decimal degrees, in order to fit as event theme
into ArcView. Decimal degrees with four digits
guarantee to preserve the accuracy of the raw data.

Data has been loaded as table and event theme
into ArcView. By using the extension Spatial Ana-
lyst, the point layer (shape) of the spills has been
converted into a grid layer containing values of the
spill density. The layout of the grid can be deter-
mined by defining the grid extent and the cell size.
The calculation of the grid values can be determined
by defining the search radius and the method of den-
sity estimation (simple/kernel).

The density estimation module creates a grid with
n cells C1, C2, ... , Cn of lateral length (cell size) s
(Figure 4). The cell values are calculated and stored
using the coordinates of the centre point P of each
cell as reference. In order to determine how far the
spatial interaction reaches out, a circle c with search
radius r around P is defined.

The values x1, x2, ... , xm of the m cells having
their centre within r around Pe are used for the den-
sity estimation of example cell Ce (Figure 5) The
simple density “[...] is calculated for each cell by
summing the value found in Population Field for
each point found in the Search Radius and dividing
by the area of the circle in AreaUnits” (ESRI 1998)
(Equation 1). The kernel density “[...] is calculated
the same way as with the Simple method except the
value found in Population Field is distributed out
from each point.” (ESRI 1998)

Figure 3. Annual flight density per area. Here, the number of flights per route is taken into account, in order to determine the flight
density.
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Table 3 shows a number of parameters that have
been tested in order to obtain the best results. In the
beginning density estimation was done using a high
number of bins. This produced maps with very fine
and smooth coloring, but it did not allow to really
discriminate different zones due to the high number
of classes, and therefore did not allow to compare
different data sets. In order to fulfill these demands,
the number of classes was reduced to five.

Figures 6 and 7 show the annual spill density re-
spectively the standardised annual spill density. Both
figures are based on the 30 km buffer shown in Fig-
ure 2. The standardisation has been made using the
flight density values of Figure 3. Legend classes for
the density in Figure 6 are the same as used for the
corresponding figure showing spill densities for the
whole Baltic Sea in von Viebahn (2001). Figure 7
has no equivalent on the international scale in this
report, as it was not possible to integrate flight data
for other countries.

The bins of Figure 6 were chosen in order to
match the German data as well as the Helcom data
for the whole Baltic Sea. The bins for Figure 7 have
been determined in order to deliver the same image
for the Baltic Sea, as in Figure 6. As all these values
are standardised with the same factor, the resulting
density classes have to be the same as before the
standardisation.

3.1.2 Results
Density class I (<0.0006) of Figure 6 is the noise
floor of the data indicating that some pollution can
occur at nearly any place. Density classes II to IV
represent equidistant progression in the frequency of
pollution indicated by the number of spill observa-
tions per year. Areas class IV occur twice: South of
the German Island Sylt and between the Danish Is-
land Falster and the German city of Rostock. Fi-
nally, class V (>0.0054) indicates the area with an
extremely high frequency of pollution with a maxi-
mum around 0.0085. This area is north of the East

Figure 6. Annual spill density. Density class I (<0.0006) is the noise floor of the data.

Table 3. Parameters Spatial Analyst.
proposed tested best

Lateral length s (cell size) [km] 6.561 2.5 5 10 20 40 10
Search radius r [km] 37.68 30 40 50 40
method simple simple, kernel kernel

Figure 4. Density estimation 1.

Figure 5. Density estimation 2.
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Frisian Islands. In the Baltic Sea, areas class II and
III “hug” the German island of Rügen Northeast-
ward, showing that ship traffic from/to the harbours
of Sassnitz/Mukran result in a measurable amount of
pollution.

Figure 7 shows the standardised annual spill den-
sity, where the number of flights per route has been
taken into account. Again, class I (0-0.006) repre-
sents the noise floor, class V (0.057-0-075) the
maxima. In contrast to Figure 6, the single class V
area is located in the very north west, in the so called
“duck's bill”. Two of the three class IV areas, al-
ready described in Figure 6, remained at the same
place, but a third one appeared north of the West
Frisian Islands in Netherlands territory. The class V
area of Figure 6 is after the standardisation only
class III. This shows the importance of standardising
spill patterns with flight patterns.

3.2 Monthly spill pattern

The following figure show the seasonal (monthly)
spill patterns. As the monthly number of flight hours
is very similar for all months, the standardised spill
pattern is very similar to the not yet standardised
one.

Figure 8 shows, that 2/3 of the spill detections are
made in summer. This is true for all areas of the
MFG3 data, as Baltic Sea (63 % of the detections
were made in summer), North Sea (65 %) and other
(71 %). Also international PCA data and satellite
data for these regions show the same distribution
pattern as e.g. 65 % of the Helcom observations
have been made in summer (Figure 9). Reference for
the figures: The monthly mean would be 100 %
/ 12 = 8,3 %. As the number of samples of the Hel-
com data is much higher than the MFG3 data, the

pattern is much better visible. Figure 9 shows the
seasonal distribution of the 2747 samples with the
information “date” available in 1989-1998. The
maximum monthly frequency of spillages has been
detected during the summer months April-August
(fm>0.10). The minimum frequency has been de-
tected in the winter months December-February
(fm<0.05). The correlation with the results obtained
during satellite campaigns and also the MFG3 values

Figure 8. Standardised spill detection frequency per month
(Germany).

Figure 9. Spill detection frequency per month (Baltic Sea).

Figure 7. Standardised annual spill density. Here, the number of flights per route has been taken into account.
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is very good. The pattern is also visible within the
categories (Figure 11) and countries (Figure 12).

3.3 Daily spill pattern

The following figures show the variations of the
spill and flight pattern in order of the days of the
week. Figure 13 contains the frequency of spill de-
tections, Figure 14 the pattern of flight hours. To-
gether they have been used to calculate the standard-
ised spill detection frequency of Figure 15. The
mean per day of week would be 100 % / 7 = 14.3 %.
All standardised values (Figure 15) vary pretty close
around this mean value. The largest discrepancies
can be found in the Baltic Sea, where the value for
Friday (11.1 %) is about 3 % lower than the mean
(14.3 %) and the value for Saturday (19.7 %) is
about 5 % more than the mean values.

Regarding only the not standardised spill pattern
(Figure 13) might lead to the assumption that, except
of Saturdays in the Baltic Sea, there occur less spills
during the weekend. But taking into account that the
frequency of flight hours is also lower at the week-
end, the situation looks quite different. This reveals
that the ratio is not lower at the weekend at all. In

the Baltic Sea the ratio reaches on Saturday even the
highest value of the whole week. In the North Sea
there are on Wednesdays 8 % more spills detected
than any other day. After standardisation, Wednes-
day remains the peak of the North Sea values, but
the difference to the next lower value is reduced to
1 %.

Unfortunately, flight hours were not available for
the Helcom data (von Viebahn 2001). Therefore,
these data could not be standardised, making the in-
terpretation very difficult. The above described ex-
ample shows, that low frequencies at a certain time
or place can after standardisation turn out to be a
hot-spot of pollution. This shows that the worth of
not standardised data is quiet low.

It is difficult to name the factors responsible for
the above described patterns. As this is the first re-
port describing this phenomena, there has not yet
been a real discussion of the reasons or results.

Figure 13. Spill detection frequency per day of week.

Figure 14. Flight hour spill frequency per day of week.

Figure 15. Standardised spill detection frequency per day of
week.

Figure 11. Spills per category [1-4] per month.

Figure 12. Spills per country per month.
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Transportation patterns of professional shipping can
be one of the causes as due to reduced loading ca-
pacities in the harbours during the weekend, ships
are often on passage on these days. Leisure shipping
also reaches it's maximum at the weekend. This
would result in an increased amount of pollution.

3.4 Spills per hour

For each of the detected spills, German authorities
register the time of spill detection, too. In order to
interpret the spill frequency, it is necessary to stan-
dardise the values by the frequency of flight hours.
These times were given on different scales. The lat-
ter had been calculated using take-off and landing
times in MEZ (local time), the former had been pro-
vided in UTC. The results presented here are all cor-
rected in respect of this difference of used time zone,
all data is given in MEZ (local time).

For 7-17 h, in both areas the flight hours are per
hour at least the 24 h average (Baltic Sea: 100 h,
North Sea: 255 h). This equals an average of at least
1,67 minutes (Baltic Sea) respectively 4,25 minutes
(North Sea) flight time during each of that hours
every day. The flight hours in the 11 hours between
7 h and 18 h comprise in average 7 % of the total
flight hours each ( = 78,98 %), while between 0 h
and 5 h, the average part of flight hours is 0.61 %
each ( = 3,63 %), see von Viebahn (2001). There-
fore, the period between 7 h and 18 h will provide
especially reliable results on spill patterns. Flight
hours have their peak at 10 h, as also the standard-
ised spill frequency has. This could result in a cumu-
lative effect like “the more often you fly at 10 h, the
better you know where to look at at that time”. The
second peak in this time window has been observed
at 16 h. As this peak in the standardised spill fre-
quency has no equivalent in the flight hour pattern,
this effect is very likely to be due to really higher
spill frequency at that time.

Figure 16. Standardised spill frequency Baltic Sea per hour (MEZ).

Figure 17. Standardised spill frequency per hour (MEZ).
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The most important function of time is the ex-
plicit matching between the time of spill detection
and flight hours. The second function is using time
as scale to analyse patterns. Patterns may be due to
local effects (harbour working hours, bridge open-
ing, etc.), these would be best visible using local
time. Patterns may be also due to natural patterns as
e.g. illumination (most violation of MARPOL are
supposed to happen at night), this would be visible
when taking into account e.g. sunrise and sunset. But
patterns might be also due to internal effects on
board of a ship (shifts, hours of special duties on
board, etc.), happening on each ship at different
times. As the phenomenon is likely to be due to a
combination of the above described effects, it shows
that it is difficult to name a “perfect” time scale for
analysis.

The above described thesis, that night would be
the primary dumping time, is not supported by the
data. Figures 16 and 17 show that monitoring activ-
ity between 0 h and 5 h is very seldom. Therefore,
the flight patterns in the past do not allow to deliver
precise statements on the spill probability during off-
hours due to low flight activity. E.g. the peak at 4 h
in Figure 16 happened at a time with a total of 16
flight hours in 10 years (von Viebahn 2001). Only
0.7 % of flight hours in the Baltic Sea are carried out
between 4 h and 5 h. This is less than 1/6 of the
hourly average of the day. Therefore, the data den-
sity at night has to be regarded as insufficient for
correct interpretation. The fastest way to close this
gap would be trying to get data for night time from
neighbouring countries. If their patterns for the time
7-17 h match very well with German data, one could
try to find evidence that patterns at night cohere as
well.

Patterns are due to spill frequency, life time of the
spill or due to detectability. Peaks in the morning
and in the afternoon could be also due to decreased
visual detection at noon, due to decreased life time
of spills (faster evaporation) and modified tempera-
ture difference between oil and water (IR sensor) at
noon. All these factors can also influence seasonal
patterns.

Authorities assume for years that the main dump-
ing time would be at night and tried to distribute
flight activity equally on the hours of the day. Un-
fortunately, due to logistical difficulties, this could
not be realised in the past years. There, more than
80 % of flight activity took place during “extended
office hours” between 7 h and 19 h. Only less than
20 % of the flight activity covered the night.

4 CONCLUSIONS

The analysis of the data showed, that the German
spill and flight data is of very high quality. The data
is stored in a way well suitable for further analysis.

Minor changes in the data structure would be help-
ful, but are not absolutely necessary (von Viebahn
2001). The results of standardising the spill data, us-
ing the flight data, proved to be very important. The
standardised spatial values, as well as the values in
respect of time, showed other patterns as the not
standardised values. The standardisation has there-
fore to be regarded as essential for a correct interpre-
tation. It is recommended to standardise all spill data
in the future using e.g. the methods used here. In ad-
dition to flight hour standardised spill maps, charts
and tables, the use of spill density maps is recom-
mended. As shown here, this would allow to distin-
guish easily and correctly between zones of different
spill density.

The presently used monitoring routes and patterns
proved to be appropriate for the oil spill monitoring
of German waters. Concerning the route pattern in
the North Sea, a northward extension of the southern
routes could be considered, providing a better cover-
age of the density class IV area south of the German
island of Sylt. Concerning the flight frequency in or-
der of the time of the day, a better coverage of the
night time would be very helpful. This would enable
to gain better data for this time. Up to now, the data
density is not high enough to discuss that pattern.
Alternatively, the detailed analysis of data of
neighbouring countries as e.g. Sweden could help to
close this gap by transferring the results.

A more detailed description and analysis of the
German oil spill data can be found in von Viebahn
(2001). The source also contains a ten year analysis
of international spill data for the Baltic Sea and a
two year comparison of satellite and aircraft obser-
vations. It introduces oil spill monitoring by com-
mercial in-service aircraft as new approach.

ACKNOWLEDGEMENTS

This work has been supported by the University of
Greifswald and the German Society for Petroleum
and Coal Science Technology (DGMK). Further re-
search is carried out as cooperation between GAUSS
and European Commission JRC IPSC.

REFERENCES

ESRI. 1998. On-line documentation ArcView.
von Viebahn, C. 2001. Oil spill statistics and oil spill monitor-

ing. Hamburg: DGMK research report 564. 95p.
von Viebahn, C. & Gade, M. 2001. Oil spill monitoring of the

Baltic Sea by commercial passenger aircraft. p.137-143 In:
Buchroithner, Manfred F. (ed.): A decade of Trans-
European Remote Sensing Cooperation. Proc. EARSeL
Dresden, Germany, 14-16 June 2000. Rotterdam: Balkema /
Swets & Zeitlinger. 427p.

029   216 11-12-2002, 09:40:34


