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SECTION S1. OVERVIEW OF THE EUROPEAN STORMS OF MID-JANUARY 2007

The section presents a summary of the trajectory information about the North Atlantic storms of mid-
January 2007. The data were taken from 6 hourly weather maps of the Deutscher Wetterdienst
(DWD). Latitudes and longitudes of the low pressure centres were estimated from the original
weather maps with an uncertainty of about 1 degree. The minimum pressure was estimated from
pressure contours from the original weather maps, which are presented at 5 hPa intervals. Storm
Kyrill caused the most societal infrastructure damage and interruptions between Scandinavia and the
Alps. Storm Hanno was the worst storm for Norway, Denmark, and southern Sweden. Storm Franz
generated the highest storm surge in the southern North Sea and was responsible for a number fatal
offshore accidents in the English Channel and the southeast coast of Ireland.
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Figure S1.1. Trajectories of storm low pressure centres across the North Atlantic and northern Europe on
7-22 January 2007.
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Figure S1.2. Time series of minimum pressure of the low pressure centres of the storms
travelling across Europe in 7-22 January 2007
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Figure S1.3. Hovmoller diagram of the storms across Europe from 7-22 January 2007 with
wind turbine accidents identified. The wind turbine accidents are from the Caithness
Windfarm database (CaithnessWindfarm: craigdr, Detailed accidents to 19 June 2018. 177pp,
Wind turbine accident compilation, pdf document time stamp 30/07/2018.)




SECTION S2. WIND MEASUREMENTS ACROSS THE PERIOD OF THE STORM

The USAF data set is described in the website 'U.S.A.F. DATSAV3 Surface observations, 1901
continuing' at https://rda.ucar.edu/datasets/ds463.2/. Data from the WMO, ICAQO, and AFWA
networks within the larger dataset form an element of the Copernicus Climate Data Store product
‘Global land surface atmospheric variables from 1755 to 2020 from comprehensive in-situ
observations' at https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-observations-surface-
land?tab=overview'. The wind data from the WMO, ICAQ, and AFWA networks have been used to
compose the diagrams in this section. According to WMO reporting requirements, the wind speed
report is a 10 minute average value and corrected for a 10 m standard height (CIMO guide, Chapter 5.
Measurement of surface wind
https://library.wmo.int/doc_num.php?explnum_id=3177/CIMO_Guide_2014_en_|_5.pdf).

Problems have been noted with some of the wind speed data passing into the international weather
networks, which is most likely associated with a unit conversion error between knots and m/s (Gatey
and Miller, 2007). The problem makes it difficult to trust the infrequent occurrence of high wind
speed values in the raw data set. For this reason, a basic data buddy check was implemented for
rejecting potentially bad data when drawing up the maps of this section. For a given reporting time, a
wind speed value was compared with the nearest other reporting station and rejected if it was more
than four times greater.

Reference:

Gatey, D.A. and Miller, C.A.: An investigation into 50-year return period wind speed differences
for Europe, J Wind Engineering and Industrial Aerodynamics, 95, 1040-1052, 2007.
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Figure S2.1. Wind speed and direction within 5 minutes of 06:00 UTC 18 January 2007 from
selected stations of the USAF data set. The trajectory of low pressure centre is indicated by the
black line with red crosses at 3 hour intervals (Roberts et al, 2014; XWS, 2020). The location of
the pressure centre at the time of wind field is shown by a larger cross. QUiIkSCAT sea surface
wind speeds are shown for a satellite overpass at about 05:25 UTC or ~35 minutes before the
synoptic station reports (see Supplement Section 3 for more information about the satellite
product).
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Figure S2.2. Wind speed and direction within 5 minutes of 09:00 UTC 18 January 2007 from
selected stations of the USAF data set. The trajectory of low pressure centre is indicated by the
black line with red crosses at 3 hour intervals (Roberts et al, 2014; XWS, 2020). The location of
the pressure centre at the time of wind field is shown by a larger cross.
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Figure S2.3. Wind speed and direction within 5 minutes of 12:00 UTC 18 January 2007 from
selected stations of the USAF data set. The trajectory of low pressure centre is indicated by the
black line with red crosses at 3 hour intervals (Roberts et al, 2014; XWS, 2020). The location of
the pressure centre at the time of wind field is shown by a larger cross.
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Figure S2.4. Wind speed and direction within 5 minutes of 15:00 UTC 18 January 2007 from
selected stations of the USAF data set. The trajectory of low pressure centre is indicated by the
black line with red crosses at 3 hour intervals (Roberts et al, 2014; XWS, 2020). The location of
the pressure centre at the time of wind field is shown by a larger cross.
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Figure S2.5. Wind speed and direction within 5 minutes of 18:00 UTC 18 January 2007 from
selected stations of the USAF data set. The trajectory of low pressure centre is indicated by the
black line with red crosses at 3 hour intervals (Roberts et al, 2014; XWS, 2020). The location of
the pressure centre at the time of wind field is shown by a larger cross. QuUikSCAT sea surface
wind speeds are shown for a satellite overpass at about 19:10 UTC or ~70 minutes after the
synoptic station reports (see Supplement Section 3 for more information about the satellite
product).
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Figure S2.6. Wind speed and direction within 5 minutes of 21:00 UTC 18 January 2007 from
selected stations of the USAF data set. The trajectory of low pressure centre is indicated by the
black line with red crosses at 3 hour intervals (Roberts et al, 2014; XWS, 2020). The location of
the pressure centre at the time of wind field is shown by a larger cross.
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Figure S2.7. Wind speed and direction within 5 minutes of 00:00 UTC 19 January 2007 from
selected stations of the USAF data set. The trajectory of low pressure centre is indicated by the
black line with red crosses at 3 hour intervals (Roberts et al, 2014; XWS, 2020). The location of
the pressure centre at the time of wind field is shown by a larger cross.
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Figure S2.8. Wind speed and direction within 5 minutes of 03:00 UTC 19 January 2007 from
selected stations of the USAF data set. The trajectory of low pressure centre is indicated by the
black line with red crosses at 3 hour intervals (Roberts et al, 2014; XWS, 2020). The location of
the pressure centre at the time of wind field is shown by a larger cross.
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Figure S2.9. Wind speed and direction within 5 minutes of 06:00 UTC 19 January 2007 from
selected stations of the USAF data set. The trajectory of low pressure centre is indicated by the
black line with red crosses at 3 hour intervals (Roberts et al, 2014; XWS, 2020).
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SECTION S3. QUIKSCAT IMAGES OF OFFSHORE WIND DURING THE STORM

Quikscat netcdf data files for 18 Jan 2007 were downloaded from the Internet site
https://podaac.jpl.nasa.gov/dataset/QSCAT_LEVEL 2B PWV_COMP_12 (QuikSCAT Level 2B
Ocean Wind Vectors in 12.5km Slice Composites Version 3). Each netcdf file is a package of data
for an orbital swath around the Earth with 14 files in each day for the 14 orbits. The data in each
netcdf file includes latitude, longitude, time, retrieved wind speed and direction, with extra
administrative files for quality control and ancillary parameters. The QuikSCAT satellite was sun
synchronous with an ascending pass over the same point each day. For the North Sea area, for
example, there was one overpass in one direction in early evening. However, there was also a second
overpass in the early morning in the opposite direction, giving two views of the same region each day.
Storm Kyrill was moving on an eastward trajectory, and the timing of the QuUikSCAT overpasses
captured the period when the storm made landfall in continental Europe, and also when it was in the
North Atlantic northwest of Ireland earlier in the day. On 19 January 2007, Storm Kyrill was
impacting eastern Europe, and was no longer a maritime storm with a QuikSCAT signature.

200701180442
\

24.0
| NUM=259395
AVG=8.9m/s 18.0
Q - MED=8.9
= | STD=3.%
£ o MIN=0O
j o MAX=34.5
i
' ORBIT PERIOD=1.67h
= SCAN INTERVAL=1.85} 12.0

0.0

] | |
—-180 =90 0 90 180
Longitude

Figure S3.1. QuikSCAT satellite image of sea surface wind speed for one orbital swath starting at
04:42 UTC 18 January 2007 and lasting 1.67 h.  The low pressure centre of Storm Kyrill was
northwest of Ireland at the time of the overpass.
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Figure S3.2. QUIkSCAT satellite image of sea surface wind speed and direction in the
North Sea at about 18 January 2007 05:25 UTC. At the time of the image, the low pressure
centre was northwest of Ireland.
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Figure S3.3. Quikscat satellite image of sea surface wind speed and direction in the North
Sea at about 18 January 2007 17:30 UTC. This is a partial image at the edge of a swath,

showing the wind field at the eastern edge of the North Sea. At the time of the image, the
low pressure centre was over the western Baltic Sea just west of Jutland.
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Figure S3.4. QuikSCAT satellite image of sea surface wind speed and direction in the
North Sea at about 18 January 2007 19:10 UTC. The figure highlights the strong wind
field in the southern North Sea just after Storm Kyrill made landfall in continental Europe.
At the time of the image, the low pressure centre was over the western Baltic Sea near the
island of Ruegen. Patchiness is the observed off eastern England, possibly indicating
travelling gust cells that were highlighting by Pleskachevsky et al (2012) in an analysis of
an earlier storm.




SECTION S4. WAVE MEASUREMENTS IN THE NORTH SEA AND NORWEGIAN SEA

Measurements of significant wave height are presented for stations in the Norwegian Sea and North
Sea. The figures have been compiled from digital data from Seklima for the Norwegian platforms
and from digitized images from the CEFAS Wavenet website. The Wavenet stations were selected
from a larger data set from the UK economic sector for their offshore locations. Nearshore stations
along the east coast of the UK tend to show lower significant wave heights during the January 2007
storm sequence.
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Figure S4.1. Location of selected wave measurement stations.
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Figure S4.2. Time series of significant wave height for selected stations in the Norwegian Sea and
North Sea for the period 8-23 January 2007. The highest value of each series is indicated by a red

cross and marked in red font.




Table S4.1. Wave information from the North Sea and Norwegian Sea area for the period January 2007.
Information is presented for the highest significant wave height over the full period and for the two day period of
the storm 18-19 January 2007.

Wave information

Station name La  NNN Date & time Date & time ~ Median  Date/time peak Peak Date/time peak Peak

nd series start series end At (min) full series m)  18-19Jan2007 %m)

[1] 21 31 4] [5] [6] [7] 8] 10]

Sean P UK 317 07/01/2007 24/01/2007 58.6 12/01/2007 7.5 18/01/2007 6.2
23:53 00:04 00:57 20:06

Clipper UK 298 07/01/2007 24/01/2007 59.6 18/01/2007 4.9 18/01/2007 4.9
23:49 00:08 18:15 18:15

Ekofisk NO 2230 01/01/2007 31/01/2007 20.2 01/01/2007 10.4 18/01/2007 6.3
00:00 23:40 06:40 02:40

Gannet UK 285 08/01/2007 23/01/2007 58.8 20/01/2007 6.5 18/01/2007 4.5
00:04 23:55 10:57 01:04

Nelson A UK 325 07/01/2007 23/01/2007 58.8 11/01/2007 74 18/01/2007 4.8
23:55 23:57 21:20 03:01

Sleipner A NO 2232 01/01/2007 31/01/2007 202 14/01/2007 8.1 18/01/2007 5.5
00:00 23:40 03:20 02:00

Heimdal NO 2036 01/01/2007 317012007 20.2 09/01/2007 7.6 18/01/2007 5.8
00:00 22:40 18:00 00:00

Troll A NO 2231 01/01/2007 31/01/2007 20.2 15/01/2007 8.4 18/01/2007 6.3
00:00 23:40 07:40 02:00

Cormorant North UK 329 07/01/2007 24/01/2007 61.2 15/01/2007 8.5 18/01/2007 4.6
23:58 00:08 05:20 04:56

Gullfaks C NO 2223 01/01/2007 31/01/2007 20.2 15/01/2007 8.7 18/01/2007 4.7
00:00 23:40 06:40 01:40

Draugen NO 2173 01/01/2007 31/01/2007 20.2 12/01/2007 8.5 19/01/2007 3.2
00:00 23:40 13:40 15:00

Heidrun NO 2228 01/01/2007 31/01/2007 202 26/01/2007 8.3  18/01/2007 3.8
00:00 23:40 22:40 09:20

Norne NO 2025 01/01/2007 30/01/2007 20.2 26/01/2007 9.0 18/01/2007 4.3
00:00 23:20 20:20 04:40

Notes:

[1] Wave measuring station name

[2] Operating country

[3] Number of data points in time series

[4] Start date and time of time series (UTC)

[5] End date and time of time series (UTC)

[6] Median time interval

[7] Date and time of peak of full time series (UTC)

[8] Peak significant wave height of full time series.

[9] Date and time of peak of 2 d time series during Storm Kyrill 18-19 January 2007.

[10] Peak significant wave height of 2 d time series during Storm Kyrill 18-19 January 2007.




SECTION S5. RADIOSONDE ANALYSIS ACROSS THE PERIOD OF THE STORM

Radiosonde data for Europe were downloaded from the University of Wyoming archival website at
http://weather.uwyo.edu/upperair/sounding.html. The locations of the 52 stations chosen for the
analysis are shown in Fig. S5.1. The data for the time period 1-25 January 2007 were selected for
analysis. Most of the stations had radiosonde ascents at 12 h intervals, although some had data at 6 h
intervals. The original data sets included primary profile measurements (pressure, height,
temperature, dew point temperature, wind speed, and wind direction), derived profile measurements
(relative humidity, mixing ratio, and potential temperature) and a number of diagnostic values
including convective available potential energy (CAPE) and lifted condensation level. Although the
archival website does not present metadata or instrument specifications, information about the
radiosonde instruments that have used by the different national meteorological services is given in
Gaffen (1993).

A subset of information for height and wind speed is presented in this section. Time series of vertical
profiles of wind speed are shown in Fig. S5.2, S5.3, S5.4 for three stations. These show high upper
tropospheric wind speeds at the time of Storm Kyrill on 18-19 January 2007 (Valentia in Ireland,
Nottingham in England, and de Bilt in the Netherlands). These stations were in the region of high
surface wind speeds that stretched across Europe from Ireland to the Russia, south of the low pressure
trajectory. The upper tropospheric wind speeds of > 80 m/s for all three stations would have marked
this storm as a category 5 hurricane if the wind speeds had been registered as a 10 minute sustained
average at 10 m height above the ground surface. The three selected stations also register high upper
tropospheric winds for an earlier storm on 12 January 2007 (Storm Franz).

Latitude-height profiles of wind speed are shown for stations in Europe at 18 January 2007 at 12:00
UTC (Fig. S5.5) and 19 January 2007 at 00:00 UTC (Fig. S5.6). The figures emphasize that the
highest tropospheric winds occurred at latitudes between Nottingham and Vienna, south of the
trajectory of the low pressure centre. The high winds penetrated down into the troposphere below 5
km.

References:

Gaffen, Dian J.: Historical changes in radiosonde instruments and practices, World Meteorological
Organization, Instruments and Observing Methods, Report No. 50. WMO/TD-No0.541, 1993
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Figure S5.1. Map of radiosonde stations with data during the time period 1-25 January 2007.
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the period 1-25 January 2007.
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Figure S5.3. Time series of vertical profiles of wind speed for the radiosonde station at Nottingham in England

for the period 1-25 January 2007.
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Figure S5.4. Time series of vertical profiles of wind speed for the radiosonde station at De Bilt in the

Netherlands for the period 1-25 January 2007.
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SECTION S6. THEMATIC MAPS OF STORM IMPACTS
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Figure S6.1. Thematic map of power outages, wind turbine inciden

40

ts, and interruptions of oil supply

infrastructure that were reported in the literature for Storm Kyrill 18-19 January 2007. The
trajectory of the low pressure centre is given by the thick red line. Country reports of power cuts are
given in red font. Power cuts for counties and states are presented with blue squares. Energy impact
incidents are labelled in blue font. Tornado occurrences are marked with an orange T symbol.
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the literature for Storm Kyrill 18-19 January 2007. The trajectory of the low pressure centre is given
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country-wide speed limits were imposed. Services on key trunk lines from London to Scotland on
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in Muenster (5) and Hannover (6) the air raid shelters were opened for the passengers stranded by the
country-wide closure of the railways. On the EImshorn-Westerland line (7), a train ran into a tree on
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had a power outage due to grid failure. The trajectory of the low pressure centre is given by the thick
red line.
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SECTION S7. THEMATIC MAPS FROM EUROPEAN SEVERE WEATHER DATABASE

The maps in this section were generated from data records in the online European Severe Weather
Database ESWD. Sample data records are presented in Table S7.1. The records come from different
sources including meteorological databanks, Internet sites, media reports, and scientific reports, and
have been composed by a group of contributors. The structure of the ASCII record varies slightly
according to the source information. A keyword search was conducted to extract the location and
time of the event as well as meteorological and impact information (e.g., road and rail interruptions,
fallen trees, and fatalities). The location of the information for 18—19 January 2007 is plotted in
maps to illustrate what is available. The information appears to be somewhat biased toward central
and Europe and the UK. This may reflect national make-up of the group of contributors and the
language of the source reports. The maps illustrate the power of crowd sourcing methods to assess
storm impacts. The information from the ESWD is not included in the thematic maps in Section 6,
which were generated from information gathered from the direct review of the literature.



Table S7.1. Selected records from the ESWD of the highest wind speed cases during Storm Kyrill on
18-19 Jan 2007. The structure of the record is illustrated. Automatic keyword searches of hundreds
of such records are used to extract the date, location, type of damage, wind speed, etc. to construct the
maps in this section..

Index

Full record

1

severe wind
to map

High Bradfield Wales

United Kingdom (53.43 N, 1.60 W) < 3 km
18-01-2007 (Thursday)

12:00 UTC (+/- 12 hrs.)

based on information from: a report by a weather service, a report in some literature
intensity and other characteristics: F1 T3

the intensity rating was based on severe wind.

wind speed: 44 m/s

86 knots

Reference: Winter storms, early January 2012, Met Office, 6 June 2014.

report status: report confirmed by reliable source (QCl)

contact: Gabriel Strommer (ESWD management)

severe wind
to map

The Needles (Isle of Wight) England
United Kingdom (50.66 N, 1.58 W) < 3 km
18-01-2007 (Thursday)

12:00 UTC (+/- 12 hrs.)

based on information from: a report on a website, a newspaper report
intensity and other characteristics: F1 T3

the intensity rating was based on severe wind.

wind speed: 44 m/s

99 mph reported

http://news.bbc.co.uk/2/hi/uk_news/6272193.stm

Reference: Nine dead as UK struck by storms, BBC, 18 Jan 2007.

report status: report confirmed by reliable source (QC1)

contact: Gabriel Strommer (ESWD management)

severe wind
to map

Prague Prague, but the whole Czech Republic, expect the most southeastern parts, was
affected.

Czech Republic (50.08 N, 14.47 E)

18-01-2007 (Thursday)

17:00 UTC (+/- 12 hrs.)

based on information from: a newspaper report, photograph(s) and/or video footage of
the inflicted damage, photo or video of the event, an eye-witness report, a report by
a weather service, a report on a website, a television or radio broadcast

intensity and other characteristics: F1

wind speed: 45 m/s

partly convective.

accompanying weather: heavy rain.

Severe windstorm caused by the mid-latitude cyclone Cyrill severly affected the
capital of Czech Republic. Many uprooted trees, roofs partly or wholly blown of,
trucks overturned, fences and signs widely displaced throughout Prague and
surroundings. Decay

report status: plausibility check passed (QCO+)

contact: Miroslav Provod
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Figure S7.1. Map of wind speeds > 25 m/s from synoptic station networks during 18-19 January

2007.
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Figure S7.2. Map of tornado occurrences during 18-19 January 2007
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Figure S7.5. Maps of (a) power cuts and fallen power lines, (b) road and rail interruptions, (c) roof
damage and fallen tree occurrences, and (d) fatalities and injuries during 18-19 January 2007.




SECTION S8. COASTLINE MODIFICATION ON OF GERMAN ISLAND OF SYLT

Data for shoreline movement on the west coast of Sylt was sent by Theide Woffler (Landesbetrieb
fuer Kuestenschutz, Nationalpark, und Meereschutz Schleswig-Holstein).

The shoreline movement data between 15 September 2006 and 25 January 2007 were present in an
ASCII file with location information given as code expressing distance in metres lengthwise along the
coast. An additional pdf file presented a map of Sylt with the profile distance codes shown. The pixel
locations on the map were calibrated for latitude and longitude using a short list of benchmark
features that could be identified on a Google Earth map.

An analysis was carried out to characterize the statistics of the undulation features in the coastal
cutback profile along the west coast of the island. The goal was assess if there were sections of the
coast where wave energy — perhaps refracted by offshore bathymetry features — was concentrating
to accelerate erosion. Also, it was interesting to assess the dominant repeat distance of cutback
erosion to get an approximate idea of the spatial extent of the infragravity waves or rogue waves that
might be impacting the coast.



Shoreline Change at 3.75 m Above Sea Level Between 15Sep2006 and 25Jan2007
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Fig. S8.1. Raw data showing coastal change at 3.75 m height across the period 15 September 2006
to 25 January 2007. The x-axis is alongshore distance measured from the south. The first and last
segments of the series the wrap around the southernmost and northernmost points of the island. The
greatest coastal retreat is 117 m near the southern tip of the island. Data for these graphs was sent
by Theide Woffler (Landesbetrieb fuer Kuestenschutz, Nationalpark, und Meereschutz Schleswig-

Holstein).
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Figure S8.2. (a) Shoreline change at 3.75 m above sea level on 25 January 2007 with respect to a
baseline measurement on 15 September 2006. Statistics indicate an average shoreline retreat of ~4
m and a maximum retreat of >110 m. Storm Britta on 31 October—1 November 2006 was the worst
storm within the survey period for coastal damage, and Storm Franz on 11-12 January 2007 was also
a damaging event. (b) Map showing the approximate locations of the survey profiles. Data for
these graphs was sent by Theide Woffler (Landesbetrieb fuer Kuestenschutz, Nationalpark, und

Meereschutz Schleswig-Holstein).
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Figure S8.3. (a) Length of the shoreline modification undulations on the west coast of Sylt based
on surveys carried out on 15 September 2006 and 25 January 2007. The median undulation
‘wavelength' or repeat pattern is ~400 m. (b) Maximum shoreline advance and retreat for each
undulation along the length of the west coast of Sylt.




SECTION S9. TABLE OF TIDE GAUGE STATIONS USED IN THE INVESTIGATION

Table S9.1. Information on tide gauge data used in this study with source.

N  Station Name Abb  Coun Lati- Longi— At At Source
try tude tude orig use

u o use
2] T 2 T G (5 S ¢ Rl

f—
—
[a—

(9]

1 Wick WK UK 58.44 -3.09 15 15 BODC
2 Aberdeen AB UK 57.14 -2.07 15 15 BODC
3 Leith LE UK 55.99 -3.18 15 15 BODC
4 North Shields NS UK 55.01 -1.44 15 15 BODC
5 Whitby WH UK 54.49 -0.61 15 15 BODC
6 Immingham M UK 53.63 -0.19 15 15 BODC
7 Cromer CR UK 52.93 1.30 15 15 BODC
8 Lowestoft LT UK 52.47 1.75 15 15 BODC
9 Felixstowe FE UK 51.96 1.35 15 15 BODC
10 Harwich HW UK 51.95 1.28 15 15 BODC
11 Sheerness SH UK 51.44 0.74 15 15 BODC
12 Lerwick Lw UK 60.15 -1.14 15 15 BODC2
13 Southend SU UK 51.52 0.72 15 15 EA

14 Nieuwpoort NI BE 51.15 2.73 5 5 VLIZ
15 Ostend harbor OE BE 51.23 2.92 5 5 VLIZ
16 Zeebrugge Leopold II dam ZB BE 51.35 3.20 5 5 VLIZ
17 Cadzand CcZ NE 51.38 3.38 10 10 RWS
18  Westkapelle WL NE 51.52 3.44 10 10 RWS
19 Vlissingen VL NE 51.44 3.60 10 10 RWS
20  Terneuzen TE NE 51.34 3.82 10 10 RWS
21 Roompot buiten RM NE 51.62 3.68 10 10 RWS
22 Euro platform EU NE 52.00 3.28 10 10 RWS
23 Brouwershavensche Gat 08 BH NE 51.75 3.83 10 10 RWS
24 Lichteiland Goeree LG NE 51.92 3.67 10 10 RWS
25  Hoek van Holland HH NE 51.98 4.12 10 10 RWS
26 Dordrecht DD NE 51.82 4.67 10 10 RWS
27  Scheveningen SC NE 52.10 4.26 10 10 RWS
28  IJmuiden buitenhaven 1 NE 52.46 4.55 10 10 RWS
29  Petten PE NE 52.79 4.67 10 10 RWS
30  Den Helder DH NE 52.96 4.74 10 10 RWS
31 Oudeschild oS NE 53.04 4.85 10 10 RWS
32 Komnwerderzand buiten KW NE 53.07 5.34 10 10 RWS
33 Vlieland haven VH NE 53.30 5.09 10 10 RWS
34 Harlingen HL NE 53.18 5.41 10 10 RWS
35  West-Terschelling TL NE 53.36 5.22 10 10 RWS
36 Terschelling Noordzee ™ NE 53.44 5.33 10 10 RWS
37  Nes NE NE 53.43 5.76 10 10 RWS
38  Wierumergronden WG NE 53.52 5.96 10 10 RWS
39  Lauwersoog LR NE 53.41 6.20 10 10 RWS

40  Schiermonnikoog SM NE 53.47 6:20 10 10 RWS




Table S9.1 (continued).

N Station Name Abb  Coun Lafti— Longi- At At Source
try tude tude orig use
Edegrcc) %clcgrcc) fmm) fmm)

[ 12] (3] [4] 5] 6] 71 (8] [9]

41  Huibertgat HG NE 53.57 6.40 10 10 RWS
42  Eemshaven EE NE 53.45 6.83 10 10 RWS
43 Delfzijl DF NE 53.33 6.93 10 10 RWS
44 Nieuwe Statenzijl NZ NE 53.23 7.21 10 10 RWS
45  Bremen—Grosse—Weserbruecke BW DE 53.07 8.80 1 10 BAFG
46 Knock KN DE 53.33 7.04 1 10 BAFG
47  Emden—Neue—Seeschleuse EM DE 53.34 7.20 1 10 BAFG
48  Emshoern EH DE 53.49 6.84 1 10 BAFG
49 Borkum-Fischerbalje BF DE 53.56 6.75 1 10 BAFG
50  WHV-Alter—Vorhafen WV  DE 53.51 8.14 1 10 BAFG
51  Zollenspieker Z0 DE 53.40 10.19 1 10 BAFG
52 Norderney—Riffgat ND DE 53.70 7.16 1 10 BAFG
53  Hamburg—St—Pauli HB DE 53.55 9.97 1 10 BAFG
54 Langeoog LA DE 53.73 7.51 1 10 BAFG
55  Hetlingen HE DE 53.61 9.54 1 10 BAFG
56  Stadersand SD DE 53.63 9.53 1 10 BAFG
57  Spiekeroog SP DE 53.75 7.68 1 10 BAFG
58  Wangerooge—West WW  DE 53.78 7.86 1 10 BAFG
59  Pinnau-Sperrwerk PI DE 53.67 9.56 1 10 BAFG
60  Mellumplate MP DE 53.77 8.09 1 10 BAFG
61  Wangerooge—Nord WN  DE 53.81 7.93 1 10 BAFG
62  Kollmar KO DE 53.73 9.46 1 10 BAFG
63  Glueckstadt GL DE 53.78 9.41 1 10 BAFG
64  LT-Alte—Weser AW  DE 53.86 8.13 1 10 BAFG
65  Cuxhaven—Steubenhoeft Ccu DE 53.87 8.72 1 10 BAFG
66  Brunsbuettel-Moled BR DE 53.89 9.14 1 10 BAFG
67  Mittelgrund MG DE 53.94 8.63 1 10 BAFG
68  Zehnerloch ZE DE 53.95 8.66 1 10 BAFG
69  Scharhoem SN DE 53.97 8.46 1 10 BAFG
70  Bake-Z BZ DE 54.01 8.32 1 10 BAFG
71  Buesum BU DE 54.12 8.86 1 10 BAFG
72 Helgoland—Suedhafen HF DE 54.18 7.90 1 10 BAFG
73 Helgoland—Binnenhafen HD DE 54.18 7.90 1 10 BAFG
74 Eider—Sperrwerk EI DE 54.26 8.84 1 10 BAFG
75  Husum HU DE 54.47 9.02 1 10 BAFG
76 Pellworm PW DE 54.50 8.70 1 10 BAFG
77  Wittduen W1 DE 54.63 8.39 1 10 BAFG
78  Dagebuell DA DE 54.73 8.69 1 10 BAFG
79  Hoernum HR DE 54.76 8.31 1 10 BAFG
80  List LS DE 55.02 8.45 1 10 BAFG




Table S9.1 (continued).
N Station Name Abb  Coun Lati- Longi- At At Source
try tude tude orig use
fdegree) %degree) Emm) Emm)
(11 [2] (3] (4] 51 6] 71 (8] 9]
81  Hojer HO DK 54.96 8.66 10 10 KDI
82  Havneby HY DK 55.09 8.57 10 10 KDI
83  Ballum BM DK 55.13 8.69 10 10 KDI
84  Ribe RI DK 55.34 8.68 10 10 KDI
85  Esbjerg EJT DK 55.47 8.42 10 10 KDI
86  Thorsminde (Havn) TS DK 56.37 8.12 10 10 KDI
87  Ferring FR DK 56.52 8.12 10 10 KDI
88  Thyboron (Havet hofde 58) TY DK 56.71 8.21 10 10 KDI
89  Hanstholm HA DK 57.12 8.60 10 10 KDI2
90  Hirtshals HI DK 57.60 9.96 10 10 KDI12
91  Skagen SK DK 57.72 10.60 10 10 KDI12
92 Tregde TG NO 58.00 7.56 10 10 Kartv
93  Stavanger Sv NO 58.97 5.73 10 10 Kartv

Notes:

[1] Station running index

[2] Station name

[3] Station abbreviation used in figures of the main manuscript

[4] Country

[5] Latitude

[6] Longitude

[7] Data reporting interval in minutes

[8] Data time interval used in analysis; data for the Germany stations was averaged onto a 10 minute grid.

[9] Source:

BODC: (British Oceanographic Data Centre; water level data from the primary tide gauge packed with the
residual water level after subtraction of the BODC model tide):
https://bodc.ac.uk/data/hosted_data_systems/sea_level/uk_tide gauge network/

BODC2: (British Oceanographic Data Centre; raw water level data from the secondary tide gauge in the case
where the primary tide gauge data had errors):
https://bodc.ac.uk/data/hosted_data_systems/sea_level/uk_tide gauge network/

EA: email communication with Victoria Grobler at Victoria.Grobler@environment-agency.gov.uk

VLIZ: (VlIaams Instituut voor de Zee) https://meetnetvlaamsebanken.de

RWS: (Rijkswatersaat Waterinfo) https://waterinfo.rws.nl/#!/nav/expert/alle-groepen/

BAFG: (Bundesanstalt fuer Gewaesserkunde) email communication with Wilfried Wiechmann at Datenstelle-
M1@bafg.de

KDI: (Kystdirektoratet) https://kystatlas.kyst.dk/public2/data/vandstand/vandstand.html

KDI2: (Kystdirektoratet; data from gauges operated by Danish harbour authorities) email communication with
Bjarn Frederiksen bfr@kyst.dk

Kartv: (Kartverket) api.sehavniva.no/tideapi_en.html



Table S9.2. Summary of Rejected Stations

Station Country Reason
Lerwick (primary guage) UK Trend in data
Dover UK Long data gap
Bath Netherlands Long data gap
Haringvliet 10 Netherlands Long data gap
Petten Netherlands Long data gap
Texel Noordzee Netherlands Long data gap
Tonning Germany Bad data
Hvide Sande Denmark Data gaps >2 h
Thorsminde Denmark Data gaps >2 h
Bergen Norway Data gaps >2 h
Malgy Norway Data gaps >2 h




SECTION S10. POWER SPECTRA OF WATER LEVEL DATA FROM UK TIDE GAUGES
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Figure S10.1. Spectra of water level time series measurements for tide gauge stations
along the east coast of the UK for the 16 day period from the start of 8 January 2007 to
the start of 23 January 2007 inclusive. The stations have been ordered from north to
south. The spectral characteristics of the stations are broadly similar, but higher order
tidal harmonics are more prominent for tide gauges in the shallow water areas in the
southern North Sea.




SECTION S11. TIMES SERIES OF BELGIAN TIDE GAUGE SPECTRA FOR 2007
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Figure S11.1. Contoured time series of spectra for the tide gauge station at Nieuwpoort, calculated
for successive 2 week intervals across the period of 2007. The dominant signal is for the
semidiurnal tide at approximately 1/2 day. The diurnal tide at 1 day is typically the second strongest
tidal component, although higher level tidal harmonics at 1/4, 1/6, 1/8 day are also prominent. It is
difficult to discern tidal components for periods shorter than about 1/8 day or 3 hours, and the signal
at shorter periods appears as noise. Vertical crosses mark the spectral peaks for periods longer than
1 day. Inthe longest period parts of the spectrum, peaks indicate significant surge activity during
storms in the second half of January, in March, and in the first half of November (Storm Tilo).
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Figure S11.2. As for Fig. S11.1 but for the tide gauge station at Ostend.
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Figure S11.3. As for Fig. S11.1 but for the tide gauge station at Zeebrugge.
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Figure S11.4. Histogram of counts of the number of peaks in all two week spectra calculated across the
period of 2007 for (a) Nieuwpoort, (b) Ostend, and (c) Zeebrugge. Counts are highest at the positions of
the tidal harmonics at 1/8, 1/6, 1/4, 1/3, 1/2, and 1 day. The longitudinal free period of the North Sea is
30-40 hours. The transverse free period of the North Sea is about 12 hours.




SECTION S12. TIDE GAUGE LEVELLING DIFFERENCES AND SURGE CORRECTIONS

Level (m)

1.5

1.0

0.5

0.0

diamond=avg, cross=median, red line=+/—1std

UK BE NE

N=12 N=3 N=28
MED=0.40 m MED=0.00 m MED=0.43 m
AVG=040 AVG=0.07 AVG=0.44
STD=0.16  STD=0.13  STD=0.20
MIN=0.15 MIN=0.00 MIN=0.01

MAX=0.64 MAX=0.22 MAX=0.90

DE DK NO ]
N=36 ~ N=11 N=2
MED=0.76 m MED=0.88 m MED=0.26 m|
AVG=0.82 AVG=0.81 AVG=0.25
STD=0.26  STD=0.28 STD=0.02
MIN=0.54  MIN=0.38 MIN=0.23
MAX=1.73 MAX=1.21 MAX=0.26 —
¢

Figure S12.1. Difference of the reported mean sea level and the 16 day median level calculated from the tide
gauge data. The station differences have been separated by country, and statistics from the country collections

have been calculated. The reason for the apparent bias is not clear.
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Figure S12.2. Maximum surge height for stations around the North Sea during Storm Kyrill on 18-19 January
2007 tide (green line). This is calculated as the detrended maximum water level minus the diurnal and
semidiurnal. The red line shows the results when a zero level correction is applied between the reported mean
sea level of the tide gauge and median of the trend line fitted to the 16 day time series. Blue diamonds show
literature reports of surge levels. Better agreement between the surge levels in the present survey with literature
values is obtained when the zero-level correction is applied.
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Figure S12.3. Maximum skew surge height for stations around the North Sea during Storm Kyrill on 18-19
January 2007 (green line). This has been calculated as the detrended maximum water level minus the nearest
modelled high tide level. The red line shows the results when a zero level correction is applied between the
reported mean sea level of the tide gauge and median of the trend line fitted to the 16 day time series. Blue
diamonds show literature reports of surge levels. The black crosses are the downward corrections of the
literature reports for Germany to take account of the difference between the long term mean high water level
and the high water level during Storm Kyrill. Better agreement between the skew surge results in the present
survey with literature values is obtained when the zero-level correction is applied.




SECTION S13. OFFSET BETWEEN MEAN 2007 SEA LEVEL AND ODN FOR UK
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Figure S13.1. Difference between mean sea level in 2007 and the reference zero level Ordnance
Datum Newlyn ODN for tide gauge stations in the UK linked to the ODN network. Tide gauge
stations on far offshore islands and in northern Ireland are not on this network. The information in this
map comes from the NTSLF 2007 annual report (Bradshaw, 2007).




SECTION S14. TABLE OF MARITIME ACCIDENTS AND INCIDENTS 18-19 JANUARY 2007

Table S14.1. Information for the maritime accidents and offshore events for 18-19 January
2007.
N Ship/Platform Abb Lati-  Longi— Date Time Source
Na{ne_d F&de) uédc) (d%?/M'gj hGhMT
_ or Incident eg eg mm/yyyy ;mm
(121 (3] (4] %5] (6] (7] [8]
1 Arisbe ARI 51.88 443 18/01/2007 12:00  LCW_MA20070202
2 CMA CGM Claudel CMA 5196  4.07 18/01/2007 11:38  LCW_MA20070202
3 Fast Jef FAS 5371 =045  18/01/2007 19:00 LCW_MA20070202
4 Grande Argentina ARG 5135 3386 18/01/2007 15:34 LCW_MA20070202
5 Happy Falcon HAP 5389  9.15 18/01/2007 12:00  LCW_MA20070202
6 Jonrix JON 5544 —-1.29  19/01/2007 04:02 LCW_MA20070202
7 Sodade SOD 5371 -045  18/01/2007 18:00 LCW_MA20070202
8 Wizard WIZ 5141  1.39 18/01/2007 15:35 LCW_MA20070202
9 Missing_personl MI1 52.10 430 18/01/2007 09:45 KNRM
10 Missing_person2 MI2 52.10 430 18/01/2007 09:55 KNRM

Notes:

[1] Running index of event

[2] Ship/platform name or wave measuring instrument with incident number

[3] Abbreviation used in figures of main manuscript

[4] Latitude

[5] Longitude

[6] Date of incident

[7] Time of incident

[8] Source

LCW_MA20070202: Lloyd's Casualty Week: Lloyd's MIU, Telephone House, 69-77 Paul Street, London,
EC2A 4L.Q02, February 2007.

KNRM: Koninklijke Nederlandse Redding Maatschappij; list of Dutch coastal rescues emailed by Gerda van
Vliet.



SECTION S15. MAXIMUM AMPLITUDE OF SHORT PERIOD OSCILLATIONS
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Figure S15.1. Maximum amplitude of highest short period oscillation during Storm Kyrill 18-19
January 2007 versus coastal distance around the North Sea starting from Lerwick in Scotland.
Selected outlier stations have been labelled. The gauge at Bremen Grosse Weserbruecke is quite far

up a tidal river.




Table S15.1. List of maximum range (in descending order) of down-crossing oscillations
derived from the short period time series reconstructions for each North Sea tide gauge station.

N  Station Name Range Midpoint of Duration of
(cm Oscillation  Oscillation
gh after (h)
8 Jan 2007
0:00 UTC)

Bremen—Grosse—Weserbruecke
Terneuzen

Husum
Brouwershavensche Gat 08
Cadzand
Pmnau—S]i)errwerk
Westkapelle _
Hamburg—St—Pauli
Vlissingén

Hetlingen

Stadersand

Scheveningen

Petten

Southend

Zollenspicker

Roompot buiten
Zeebrugge Leopold Il dam
Ribe

I =100

Nieuwpoort

Delfzij

Harwich
Brunsbuettel-Moled
Ostend harbor
Emden—Neue—Seeschleuse
Hoek van Holland

Kollmar
WHV-Alter—Vorhafen
Pellworm .
Nieuwe Statenzijl
Felixstowe
Thorsminde (Havn)
Glueckstadt

0C
Leith
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Cuxhaven—Steubenhoeft
Den Helder
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Table 15.1 (continued).

N  Station Name Range Midpoint of Duration of
(cm Oscillation  Oscillation
h after h
8 Jan 2007
00:00 UTC)

Dordrecht 3
Norderney—Riffgat 3
Lauwersoog 3
Havneby 3
Zehnerloch 0
Mittelgrund 8
Spiekeroog

arlingen 3
Wangcrooge—West
Sheerness 3
Langeoog 1
Huibertgat 2
Ferring ) 0
Schiermonnikoog 7
Scharhgern 8
Oudeschild 8

Mellumplate
Wanﬁeroo e—Nord
LT-Alte—Weser .
Kornwerderzand buiten
Hojer
List
Cromer
Euro platform
Vlieland haven_
West—Terschelling
Eemshaven

ake—Z
Wittduen
Immingham
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Table S15.2. List of maximum amplitude (in descending order) of down-crossing oscillations
derived from the short period time series reconstructions for each North Sea tide gauge station.

N Station Name Max Midpoint of Duration of
(cm) Oscillation  Oscillation
gh after (h)
8 Jan 2007

0:00 UTC)

Bremen—Grosse—Weserbruecke
Brouwershavensche Gat 08
Southend

Scheveningen

Terneuzen

usum
Hoek van Holland
Cadzand

Roompot buiten
Zeebrugge Leopold II dam
Westkapelle

Vlissingen _
Hamburg—St—Pauli
Ostend harbor

Petten

Ribe

Hetlingen

Harwic
Pinnau—Sperrwerk
Stadersand

Felixstowe

Nicuwpoort

Delfzij .
Nicuwe Statenzijl
Brunsbuette]-Mole4
Cuxhaven—Steubenhoeft
Eider—Sperrwerk
Ballum

Dagebuell
Emden—Neue—Seeschleuse
Buesum

Lowestoft

Den Helder
WHV-Alter—Vorhafen
Lichteiland Goeree
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Dordrecht

Kollmar
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Table 15.2 (continued).

N

Station Name

Max
{cm)

Midpoint of
Oscillation
gh after

8 Jan 2007
00:00 UTC)

Duration of
Oscillation
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Terschelling Noordzee
Wierumergronden
Mittelgrund
Lauwersoog

Sheerness
Mellumplate
Langeoog
LT-Alte—Weser
Scharhoer

n
Thyboron (Havet hofde 58)

Hojer

Huibertgat

List

Spiekeroog
anstholm

Harlingen
angerooge—West

Euro platform

Wangerooge—Nord

Norderney—Riffgat

Immingham

Schiermonnikoog

Vlieland haven

Qudeschild
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Esbjer

Bake— )

Kornwerderzand buiten
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Aberdeen
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Helgoland-Binnenhafen
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Skagen

Tregde

Lerwick
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Wick ©

North Shields
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SECTION S16. WATER LEVEL RANGE ACROSS 10-MINUTE INTERVALS: GERMANY
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Figure S16.1. Range of water levels across 10-minute intervals, calculated from the original 1-minute
time series data for Germany. The data for this graph was sent by Wilfried Wiechmann (Bundesanstalt
fiir Gewasserkunde).
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Figure S16.2. Map showing locations of the German tide gauge stations where the maximum range of

water levels in 10-minute intervals were assessed.




SECTION S17. RETURN PERIOD OF WATER LEVELS FROM THE LITERATURE

Table S17.1. Sorted list of return periods of highest water levels during Storm Kyrill 18-19 January 2007.

N Location Coun Lati- Longi-  Return  Water Case
wy uégeree) tlcllgzieree) Peer;%d ]_Jnel‘)lel

[ 12 EIT Tt R ( R i (R

1 Kobenhavn DK 55.70 12.60 46 142 5:kdil8

2 Barmouth UK 52.72 —4.04 18 N/A  7:NTSLF13

3 Hinkley Point UK 51.21 -3.13 12 N/A  7:NTSLF13

4 Port Erin UK 54.09 -4.77 11 N/A  7:NTSLF13

S Ringkobing DK 56.10 8.20 6.3 0.82  5:kdil8

6 Avonmouth UK 51.51 -2.71 6.0 N/A  7:NTSLF13

7 Harlingen NE 53.17 5.42 5.3 331 2:FREQ

8 Hirtshals DK 57.60 10.00 4.5 1.16  5:kdil8

9 Den Helder NE 52.97 4.75 33 242  2:FREQ

10 Skagen DK 57.70 10.60 2.9 1.02  5:kdil8

11 Ronne DK 55.10 14.70 2.3 0.86  5:kdil8

12 Southend UK 51.52 0.72 1.7 372 1:RP

13 Norderney NE 53.70 7.15 1.3 N/A  1:RP

14 Delfzijl NE 53.33 6.93 0.91 322  2:FREQ

15 Portpatrick UK 54.84 -5.12 0.79 2.85 6:DT94

16 Hesnaes DK 54.80 12.10 0.70 1.12 5:kdil8

17 Ferring DK 56.50 8.10 0.68 1.84  5:kdil8

18  Dordrecht NE 51.82 4.67 0.34 1.83  2:FREQ

19  Roompot buiten NE 51.62 3.67 0.06 223  2:FREQ

20  Hoek van Holland NE 51.98 4.12 0.05 1.72  2:FREQ

21  Vlissingen NE 51.45 3.60 0.05 277 2:FREQ
Notes:

[1] Running index of data

[2] Station name

[3] Country

[4] Latitude

[5] Longitude

[6] Calculated return period in years

[7] Water level, if presented in the source; the return period for the NTLSF13 source is based on a ranked series

of skew surge values.

[8] Description of calculation:

RP: return period presented in source

FREQ: source presents number of exceedances within a time interval; return period is taken as reciprocal

RANK: source presents rank of water level across a date range; return period is calculated as the number of
years represented divided by the rank.

DT94: Dixon and Tawn (1994) present algorithms for calculating return periods from true surge heights for
selected stations. True surge heights are presented in the NTLSFO7 annual report [Dixon MJ and JA Tawn,
Extreme sea-levels at UK A-class site: site-by-site analysis, Proudman Oceanographic Laboratory, Internal
document No.65, March 1994, 234 pp; NTSLFO7: Bradshaw, Elizabeth (ed), Annual Report for 2007 for the
UK National Tide Gauge Network and Related Sea Level Science, National Tide and Sea Level Facility,
NERC 100017897 2007, p.2]

kdi18: Ditlevsen et al (2018) present the maximum water levels during Storm Anatol and tabulated values of
standardized return periods versus water level that were interpolated to derive the return periods for the




Storm Anatol case [Ditlevsen C, MM Ramos, C Sgrensen, UR Ciocan, T Pionkowitz, Hgjvandsstatistikker
2017, Miljo- og Fadevareministeriet, Kystdirektoratet Lemvig, Februar, 2018]

NTLSF13: The National Tide and Sea Level Facility NTSLF presents web pages with ranked lists of the top 10
skew surge levels for selected tide gauges around the UK across specified date ranges up to 2013. The
return period was calculated as the number of years of data divided by the rank of Storm Kyrill, if it was
present [https://ntslf.org/storm-surges/skew-surges/scotland, https://ntslf.org/storm-surges/skew-
surges/england-east, https://ntsIf.org/storm-surges/skew-surges/england-south, https://ntslf.org/storm-
surges/skew-surges/england-wales, https://ntslf.org/storm-surges/skew-surges/england_west,
https://ntslf.org/storm-surges/skew-surges/isle-of-man, https://ntslf.org/storm-surges/skew-surges/northern-
ireland, https://ntslf.org/storm-surges/skew-surges/channel-islands (accessed 10Nov2021)]



SECTION S18. TIMING OF TIDE, SURGE, AND INCIDENTS AROUND NORTH SEA COAST
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Figure S18.1. Summary of the progression of the tidal crests and storm surge peak around the
North Sea on 18-19 January 2007. The data are plotted on axes of time versus counter-clockwise
distance around the North Sea starting from Lerwick in Scotland.
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Figure S18.2. Summary of the spatial-temporal relationship of peak-to-trough range of the highest
up-crossing short period oscillations in the tide gauge record and maritime incidents/accidents.
The data are plotted on axes of time versus counter-clockwise distance around the North Sea
starting from Lerwick in Scotland.




SECTION S19. THEMATIC TABLES OF STORM DESCRIPTION AND IMPACTS

Table SLO. Master list of tables in working notes

Content

Table SL1. List of sources reviewed for project (arranged by year and then alphabetically)

Table SL2. List of sources that could not be obtained (arranged by year and then alphabetically)

Table SL3. List of normal photos of event (arranged by year and then alphabetically)

Table SL4. Ranking of storm among events; assessing importance of storm (arranged by year and then alphabetically)
Table SL5. Severe forecast (arranged by year and then alphabetically)

Table SL6. Storm not as bad as expected; not as bad as it could have been (arranged by year and then alphabetically)
Table SL7. Storm worse than expected; unusual damage or emergency services actions (arranged by year and then alphabetically)
Table SL8. Storm duration; extended period bad weather (arranged by year and then alphabetically)

Table SL9. Names of the storm1 - Franz (arranged by year and then alphabetically)

Table SL10. Names of the storm2 - Hanno/Per (arranged by year and then alphabetically)

Table SL11. Names of the storm3 - Kyrill (arranged by year and then alphabetically)

Table SL12. Satellite pictures (arranged by year and then alphabetically)

Table SL13. Weather radar, radar reflectivity (arranged by year and then alphabetically)

Table SL14. Meteorological data maps or surface analysis (arranged by year and then alphabetically)

Table SL15. Model fields (arranged by year and then alphabetically)

Table SL16. Satellite altimeter strip maps (arranged by year and then alphabetically)

Table SL17. List meteorological data (arranged by year and then alphabetically)

Table SL18. Significant wave height and sea state (arranged by year and then alphabetically)

Table SL19. Wave period and other wave data (arranged by year and then alphabetically)

Table SL20. Surge reports and quantitative water levels (arranged by year and then alphabetically)

Table SL21. Water current information (arranged by year and then alphabetically)

Table SL22. Return period of water level; ranking of water level

Table SL23. Return period of wind speed; ranking of wind speed

Table SL24. Return period of insurance loss; ranking of insurance loss

Table SL25. Storm trajectory map (arranged by year and then alphabetically)

Table SL26. Unusual pressure drop; time series central pressure; explosive characteristics; bomb; unusually low central pressure (arranged
by year and then alphabetically)

Table SL27. Horizontal pressure gradient

Table SL28. Low level jet

Table SL30. Radiosonde analysis

Table SL31. Stable/unstable atmospheric boundary layer

Table SL32. Problems with drag coefficient & forecasting wind setup at high wind speeds > 25m/s

Table SL33. Strong jet stream & Rossby wave breaking

Table SL34. Storm clustering; upstream/downstream cyclogenesis

Table SL35. Squall line, convective thunderstorms, tornadoes (arranged by year and then alphabetically)

Table SL36. Derecho

Table SL37. Cold air outbreak

Table SL38. Unusual warm air temperature (arranged by year and then alphabetically)

Table SL39. Lightning (arranged by year and then alphabetically)

Table SL40. Meso-vortex (arranged by year and then alphabetically)

Table SL41. Meteotsunami and unusual surges (arranged by year and then alphabetically)

Table SL42. Hurricane gusts only on south (right) side of pressure center (arranged by year and then alphabetically)
Table SL43. Wind direction, fetch and wave size in German Bight

Table SL44. Culmination time and location determines damage properties of storm

Table SL45. Blocking high pressure system (arranged by year and then alphabetically)

Table SL46. Infragravity wave, rogue wave, green water incidents (arranged by year and then alphabetically)

Table SL47. Wave dynamics and dike breaches; wave runup studies (arranged by year and then alphabetically)

Table SL48. Precipitation, river level, dike breaches (arranged by year and then alphabetically)

Table SL49. Unusual peak of significant wave height in northern North Sea (arranged by year and then alphabetically)
Table SL50. Very low coastal water levels (arranged by year and then alphabetically)

Table SL51. Modelled turbulence kinetic energy in ocean wave model (arranged by year and then alphabetically)
Table SL52. Classification of storm surges (arranged by year and then alphabetically)

Table SL53. Fatalities & injuries (arranged by year and then alphabetically)

Table SL54. Coastal flooding, dike breaks, and evacuations (arranged by year and then alphabetically)

Table SL55. Coastal dike heights and protection levels (arranged by year and then alphabetically)

Table SL56. Surge barrier closures (arranged by year and then alphabetically)

Table SL57. Beach damage and coastal issues; salt water contamination of groundwater; sewer systems (arranged by year and then
alphabetically)

Table SL58. Power interruptions; oil pipeline flow stopped due to electricity loss (arranged by year and then alphabetically)
Table SL59. List bridge closures, cancelled ferry crossings, port closures, airport cancel, rail interruptions, traffic accidents (arranged by year
and then alphabetically)

Table SL60. Structural damage to wind farms and wind energy impacts (arranged by year and then alphabetically)
Table SL61. Hydropower impacts (arranged by year and then alphabetically)

Table SL62. Structural damage to buildings, piers, and cultural monuments (arranged by year and then alphabetically)
Table SL63. Forest damage and tree falls (arranged by year and 