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Abstract

The Joint Research Centre (JRC) of the European Commission has developed a storm surge

system for the Tropical Cyclones included in the Global Disasters Alert and Coordination
System (GDACS ) and the Storm Surge Calculation System (SSCS) for t he storm surge
events in Europe.  Every day the results of these calculation systems are compared with

the measurements included in the JRC Sea Level Database. This database includes the sea

level measurements, theoretical sea levels tides and storm surge for more than 1 000
stations around the world and is wildly used in storm surge and tsunami activities.

Currently, the alertlevelsinthe  JRC storm surge system sare based only onthe maximum
storm surge height sand do n dntlude th e effect of the tides.  This effectis very important,
because the increase of the water level is extremely damaging when the storm surge
coincides with  a period of high tide

In this analysis, the JRC  Sea Level Database is used to show the importance of the tides
in the JRC storm surge  alert systems (GDACS and SSCS).



1 | NTRODUCTION

The Joint Research Centre (JRC) of the European Commission has developed the Global

Disasters Alert and Coordination System (GDACS, www.gdacs.org ), an early warning
system cr eated to alert the humanitarian community about the potential disast ers which
are under development (e.g: tropical cyclones , tsunamis, earthquakes and floods ).

One of the dangerous effect s of the Tropical Cyclones (TCs) that cause s damage and
deaths isthe stormsurge , thatis anabnormal rise of water above the astronomical tides,
generated by strong winds and a drop in the atmospheric pressure . Itis important to note
that also the intense low pressure systems that affect Europe can generate a storm surge .

The JRC has developed the storm surge system for the T Cs in GDACS in 2011, while the
one for the storm surge events in Europe in 2013 (JRC Storm Surge Calculation System -
SSCS). Recently it has developed a new storm surge system used in GDACS and in the
SSCS. A complete description of these systems can be found in Probst and Franchello

(2012) and in Annunziato and Probst (2016, 2017). Every day the results of these
calculation systems are compared with the measurements included in the JRC Sea Level
Database. This database developed by the JRC includes the sea level measurements,
theoretical sea levels tides and storm surge for more than 1000 stations around the world
and is wildly used in tsunami and storm surge activities

For the alert level of the  storm surge systems , the effect of the tides is very important |,
because the increase of the water level is extremely damaging when the storm surge

coincides with  a period of high tide. The impact of a large storm surge during a period of
low tide could be less intense than a lower storm surge during a period of high tide . The
maximum water level reached during an intense storm could be lower than the one
reached during a less intense storm. The damage due to an increase of the sea level is
therefore related to the storm surge and tides levels (see Figure 1).

Storm Tide (ST) = Storm Surge (SS) + Tide (TD)

D ——— AL 1R

—Mean sea level

NOAA/The COMET Program

Figure 1 1 Characteristics of the Storm Surge in respect to the Storm Tide
(Source: NOAA,  http://www.nhc.noaa.gov/surge/#TIDE )



http://www.gdacs.org/
http://www.nhc.noaa.gov/surge/#TIDE

Currently, the JRC stormsurge systems dondét include the effect
the storm surge alerts are based only on the maximum storm surge height . The current
alert level used in GDACS  for the Tropical Cyclones is shown in Table 1, while the one of

the SSCS is shownin Table 2.

Colour scheme used for in the SSCS

GDACS STORM SURGE ALERT LEVEL system for the European storms ! (¥)

For TrRoriCAL CYCLONES

E—— Alert Level Storm Surge Height
Alert Level Storm Surg e Height Green 005 - 05m

Green <10m

Red 20 7 3.0m
Violet >3 .0m

Table 1 - GDACS Storm Surge Alert Table 2 - SSCS Storm Surge Alert level

Level for Tropical Cyclones for the Storm s in Europe
In order to have a more realistic alert system the tide levels have to be included in the
system :

9 including directly the tides in the model or
1 adding the tide level to the storm surge calculations.

One of t he aim s of this report is to show the importance of including the tides in the alert
system, analysing the differences of the alert levels includin g or not including this effect
The sea level measurements will be compared  with the values of max tides simulated by
a specific model , in order to identify when a storm surge event occurs during a period of

low or normal tide o r when it occurs during a period of high tide with the risk of becoming

an extremely damaging  event.

A number of tide models are available to simulate the tide level worldwide; in this analysis ,
the DTUL10 global ocean tide model created at the DTU Space (N ational Space Institute,
Technical University of Denmark) is used. The output of this model is compared with the

sea level measurements included in the JRC sea level database for a number of global
stations (Jan 2014) and for several stations of the United Kingdom  (from Dec 2013 to Mar

2014). The UK was particularly affected by several s torms during the winter 2013/14.
An overview of the DTU10 model and sea level measurements are presented in Section 2,
while the comparisons between the two and the alerts obtained considering the tide levels

are in Section 3. Concluding remarks  and future steps  are in Section 4.

1 The JRC is creating a specific scale for different areas of Europe (e.g. one scale for the Mediterranean Sea,
another one for the North Sea). More information in Annunziato and Probst (2016).
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2 DATA SOURCES

A description of the  JRC sea level database is presented in Section 2.1, while the one of
the model used to simulate the tides is in Section 2.2 . The comparisons between the sea
level measurements and the tides simulated are shown in Section 3.

2.1 Sealevel Measurements

2.1.1 JRC SealLevel Measurement s

JRC is collecting the sea level data from several sources, mostly from the Global Sea Level

Observing System (GLOSS), but also from other organizations (i.e. the UK the data of UK

National Oceanography Centre  -NOC are also included in the JRC database ). The JRC is

maintaining a database with more th  an 1000 measures located in all place in the world

(see Figure 2 and Annex 1 ). This database includes also the dataof new AJRC i nexpensi
devicedo devel oped byThisheww ndaR&raphrdevizedhdsheen established

in order to improve the sea level network in use for the Tsunami Hazard monitoring in the

Mediterranean Sea and in the North Atlantic area (NEAMTWS area of UNESCO). More

information can be found in Annunziato (2015). The sea level data can be found in:

1 JRC Sea Level Database (see Section 2.1.1.1 )
1 JRC Tsunami Analysis Tools (TAT) Web System (see Section 2.1.1.2 )

In addition to the sea level mea surements, this database includes also the tides, obtained
using a method developed by the JRC described in Section 2.1.1.3.

2.1.1.1 JRC Sea Level Database

The JRC Sea Level Database website is a web interface s that shows the sea level
measurements (ML), thetheo retical Sea Levels Tide s (TD) calculated by an algorithm (see
Section 2.1.1.3), and the storm surge (SS) values obtained removing the TD from the ML

for each buoy in cluded inthe Database. The website includes:

1 Measurements Station Map  and List (see Figure 2).
C Theusercan search and select a specific station (nal

Tide Gauge details (see Figure 3).

Data and charts (see Figure 4) of the following parameters:
0 Sealevel measurements (ML)
o0 Tide estimated (TD) by the JRC (see Section 2.1.1.3 )
0 Storm surge (SS)

Sea Level Measurements (ML) = Storm Surge (SS) + Tide (TD)

C Theusercan select a specific peri  od to be displayed in the chart and
download the specific data in text format

1 Description of the  tide harmonics and properties (see Figure 8)
This system has been used to download and display the data of this report.

The JRC Sea Level Database can be found at:
http://webcritech.jrc.ec.europa.eu/Seal evelsDb/Home/Buoyl ocations

NOTE: JRC is preparinga  new website for this database that will be launched a tthe
beginning of 2018. The main page of this new website is shown in Figure 5.


http://webcritech.jrc.ec.europa.eu/SeaLevelsDb/Home/BuoyLocations

Legal notice | Cookies | Contact Search | English (en) ¥

SEA LEVELS DATABASE

Status Details

©Developed by JRC

Figure 2 i JRC Sea Level Database
(Source:  http://webcritech.jrc.ec.europa.eu/Seal evelsDb/Home/Buoyl ocations )

Tide gauge details

General Data
Name UK - Workington_NOCS -
Id 1984
Country UK
Group Mame UK
Lat/Lon 54.650/-3.570
Last Measured Values
status Active ‘
Last Date 30 Mov 2016 08:15 K
Last Value 3.291m X
Harmonics
Points Num. 131016
Min. Time 23 Oct 2012 17:00
Max. Time 30 Nov 2016 08:15

Figure 3 - Example of Tide gauge details for UK -Workington



http://webcritech.jrc.ec.europa.eu/SeaLevelsDb/Home/BuoyLocations

Tide chart: 1984 - UK - Workington_NOCS

‘ [ tages v 7 Days 3 Days Select Date

Measured and Estimated Tide Level - 1984 - UK - Workington_NOCS

00:00 00:00 00:00 00:00 00:00 00:00 00:00

00:00
02 Dec 2013 03 Dec 2013 04 Dec 2013 05 Dec 2013 06 Dec 2013 07 Dec 2013 08 Dec 2013 09 Dec 2013
Date (UTC)

— UK - Workington_NOCS - Level (m) — UK - Workington_NOCS - Tide UK - Workington_NOCS - Level-Tide {m)
Measured and Estimated Tide Level - 1984 - UK - Workington_NOCS # £ H
B i k- workington_NOCS - Level (m) ac %2 4 @

B @ k- workington_NOCS - Tide
i UK - Workington_NOCS - Level-Tide (m)

Tide chart: 1863 - Italy - Ravenna (ISPRA)

‘ [ Lagos v 7 Days 3 Days Select Date

Measured and Estimated Tide Level - 1863 - Italy - Ravenna (ISPRA)

1.5
1.25
1
0.75 ’ ‘
0.5 “
1
I
0.25 | 1 H I
J .
| e Vai\ys
o ‘ !
J ‘ Wi
"
0.25 y
-0.5
00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00
02 Feb 2015 03 Feb 2015 04 Feb 2015 05 Feb 2015 06 Feb 2015 07 Feb 2015 08 Feb 2015 09 Feb 2015 10 Feb 20.
Date (UTC)
— Italy - Ravenna (ISPRA) - Level (m) Italy - Ravenna (ISPRA) - Tide — Italy - Ravenna (ISPRA) - Level-Tide (m)

Hi

Measured and Estimated Tide Level - 1863 - Italy - Ravenna (ISPRA) # 2
B @ taly - Ravenna (ISPRA) - Level (m)

asc 32 4 B

M Italy - Ravenna (ISPRA) - Tide
. ﬁ Italy - Ravenna (ISPRA) - Level-Tide (m)
Figure 4 - Example of Tide chart for Workington -UK (above) and for  Ravenna -IT (below) obtained
using the JRC Sea Level Database . Blue line represents the total water measured ( ML), the green
line the tide estimated (TD) and the yellow line the storm surge (SS) obtained as: ML-TD.
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Figure 5 - Example of the new JRC Sea Level Database



21.1.2 JRC Tsunami Analysis Tool (TAT)

The TAT website is similar to the JRC Sea Level Database, but it includes also the JRC
Tsunami calculations in case of a Tsunami . This system has been set -up by the JRC in
ordert ouse it in Early Warning System whe  n a new earthquake event is occurring which

may lead to a potential Tsunami (magnitude > 6.5 and epicenter located under water).
The system is currently integrated into GDACS to give an estimation of the wave
propagation height and travel time within few minutes from the earthquake detection on

the seismological networks.

The TAT website is:  http://webcritech.jrc.ec.europa.eu/TATWeb/Home/Seal evelsMap

Legal notice | Privacy statement

TSUNAMI ANALYSIS TOOL Login

European Commission > Webcritech = TAT Web > Sea Levels
Home TAT Web Earthguakes Sea Levels Calculations GTS Massages

(=) 2 B

Y
v 106.17188, 20.63278
Y
Plot List: + Add Plot Open Graphic Delete All Advanced Options >>

© 2018 Developed by JRC

Figure 6 - JRC Tsunami Analysis Tools (TAT) Web System



http://webcritech.jrc.ec.europa.eu/TATWeb/Home/SeaLevelsMap

2.1.1.3 JRC Harmonics calculations

Removing the tidal component from sea level measurement in the case of Tropical
Cyclones or Tsunami is very important to distinguish the tide contribution from the one of

the Natural events.  Therefore the JRC has developed a new methodology that is used fo
thousands of sea level measurement signals collected in the JRC Sea Level Database.

The harmonics are calculated using the following formula:
L] n
H(t)= A, + Z A cosor+ Z B sinot
= =

and the following codes

Visual Basic Syntax C# Syntax
ion EstimateTideValues() As [Function] Function EstimgteTideValues()
im P1 As [Double] = Math.PI
[Double] = harmonics({@, 1)
5 t16 = 1 To harmonics.GetUpperBound(@)
Dim period As [Double] = 2 * Pi / harmonics(k, @)

Fun

m = harmonics[®, 1];
116 k=1; k <= harmonics.GetUpperBound{(®); k++)

Dim coefCos As [Double] = harmonics(k, 1) " Double perdod = 2 * Pi / harmonics(k, @1;
Dim coefSin As [Double] = harmonics(k, 2) Double coeflos = "EWM%CS[-& 115
sum = sum + coefl lath.Cos(time * period) Double coefSin = “E\‘NJ’IIC%[:@ 2
sum = sum + coefSin * Math.Sin(time * peried) sum += coefCos * Math.Cos(time * period);
Next : sum += coefSin * Math.Sin(time * period);
J H
R R&Lu.'r:' sum return sum;
End Function
Figure 7 - Visual basic and C# codes for the calcula tion of the Harmonics

The determination of the harmonics coefficients from the measured data is a known
method, based on least square approximation of the first order in the coefficients. However

the computational requirements when several years of data are considered may be a
limiting factor for a routine and frequent update of the coefficients; several centres

determine the constants once a year or less frequent.

The JRC is currently using a new method, named Continuous Harmonics Determination
(CHD), in order to continuously compute the harmonics with a rather limited computing

time; this allows to repeat the harmonics identification procedure once per hour for
thousands of different sensors worldwide. All 69 harmonics components and all the
available data areused inthissy stem. The estimation of the harmonics is performed every
hour and requires, for some 1000 signals, about 30 -40 min in total. The estimated values
considered are related to the whole amount of data available. It is important to note that
this method is vali d if the data are valid and if the reference point of the measurement is

kept constant over the years, which sometimes is not the case. It is therefore necessary

from time to time, to check the consistency of the collected data.

A complete description  of this method can be found in Annunziato and Probst (2016), while

the values of the harmonics calculated by the JRC are availabl e on the JRC Sea Level
Database. An e xample of the harmonics calculated for the station located in Workington
(1984, source: NOCS ) is shown below.
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