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1.INTRODUCTION

Humans have preferentially established their
settlements on the coast. This has undergone a
dramatic acceleration in a few decades.

GOOGLE MAPS ENGINE 2014 : SRR = oy < O TR
R A :3.4.1_ ‘. .-. 5:::-;”-4 : .Qt:fko\gwousi{ch;tp\

Establishing settlements in coastal areas provides
greater ease of access to many natural resources and
opportunities for socio-economic improvement.__

Q.

% of the world's population lives within 100 km awa
from the sea and in areas of lower elevation to 100
meters.

This results in

Greater exposure of people and property to
various natural hazards related to the
dynamic behavior of the sea.
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~ COASTAL - ooninG . What is it?

Can be defined as the temporary occupation by water areas that are usually
free.(NOAA,2011)
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This work is linked to HIDRALERTA Project
Prediction System and Alert Floods in Coastal and Port.

(Neves et al., 2010, Santos et al., 2011, Silva et al., 2011, Reis et al.,
2011, Neves et al., 2012 Rocha et al., 2013; Poseiro et al., 2013).
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Wave climate determination

HINDCAST DATA

Wave Climate (22 YEARS)

offshore

‘ SWAN Model

W

—  Wave Climate
inshore

N

Hs - significant height
Tp — peak period
Dm — mean direction
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ESQUEMA DATUM MAREOGRAFO REDMAR LAS PALMAS2
(cotas en metros)

CLAVO
“FARO"

= @
=l 8
2l 8
B
w| 0
@

a8
<| -

2,985 (2009)

CERO DEL PUERTO

Clavo FARO: clavo metalico con cabeza semiesférica situado proximo al Maredgrafo

del Muelle Elder, sobre el cantil, al norte del faro y junto a barandilla metalica.
NMMLP: Nivel Medio del Mar en Las Palmas

CLAVO “FARO"

Nota: La posicion relativa de Clavo y Maredgrafo estd simplificada. NMMLP: Cero IGN n e e

[ spere—.
P

EMPIRICAL MODELS

Hunt [ 1959)

what does that
mean?
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RUN-UP

& Thornton [1982)

Estorm = 0.38

Ry, = (5.2 8 + 0.20)Hs
R .,

Lagyr =06%tan 8 *(H e Lg)"—~

para tand 2 0.10

Legrr =0.05 *(H 1. *Ly2"
RU AT srms
para tanf = 0.10

Ruggiero et al. (2001)

- Raw =0.043 *(H oLo) 0.3
Stockdon et al. (2006) < 7B 4T

=0.80 * H_ + 0.62

Teixeira [2009)
=1.08*H_*Z,
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HINDCAST NORTE - PO - Holmanl - Nielsen Rugg HINDCAST NORTE - PO
Rmax - Guza - Teixeiral - Teixeira2

Rmax {m)

R1%

01,/05/1992 00:00 26/01/1995 00:00 22101957 00:00 18/07/2000 00:00 14,/04/2003 00:00 08/011,/2006 00:00 04/10/2008 00:00

01/05/1992 00:00 26/01/1955 00:00 22/10/1997 00:00 18/07/2000 00:00 14/04/2003 00:00 08/01/2006 00:00 04/10/2008 00:00

HINDCAST NORTE - PO

Waves increase in height COTA DE INUNBACION

towards breaker zone (shoal

Wave runup

Caota de Inundacion [C.H.m)]

(bservac

hlﬁx PI‘HI]. I“ oL/ 0%,/1932 00:00 2504,/ 993 0000 2210/ 557 0000 1E/07/2000 00:00 14/04/2 003 0-0:00 05/ 0442005 0000 04/10/2008 00:00 B‘rmm “m -

Pleamar 39 169 29 7 3 I 238 [ == B VIVIVAVY ALY |

Bajamar M6 0 76 2 I
Pleamar viva 319 244 2™ 16 246
Bajamar viva 1mz 0 4 18 I
Pleamar muerta 258 12 198
Bajamar muerta 146 82 12 4

un-up process

Tiempo (dias)

-
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Risk Assessmet

Consequence (Indicative script)

Stable geological, natural sand beach, busy casual leisure premises and
|\ A es0 5 reduced ecological value.

Weak geological features, or possessing any shrub vegetation, areas of
o0)\ ' 1p)3:00:1 S frequent leisure type.

Coastal protection infrastructure; relevant economic activities; very weak
V(2359010 and unstable geological vegetation.

Permanent human occupation (urban areas); natural elements of great
SEVERE ecological value that are difficult to recover.

Permanent human occupation; absolutely unique areas with a great
historical / natural value where the loss is irretrievable; beach-dune
CATASTROPHICHESA (1140 25

Raposeiro & Ferreira, 2011




3.STUDY AREA

UTM coodinates
~ ‘Boca Barranco Beach 461090.00 X - 3100840.99 Y

ey e WS ; ‘ . \ S R o B

~s :Boca Barranco Beach

| “\.
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Image © 2014 GRAFCAN.
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3.1 Data

Tide records

Nivel de marea. Puerto de Las Palmas. 1/dic/1992

NN [nformacion Histérica
Informacidn Histdrica
- Maredgrafo de Las Palmas (3464

- Maredgrafo de Las Palmas 2 (3450)
S @ 2 I
2 3 4 5 6 7 B 9 1011 1213 14 15 16 17 18 192 20 21 22 23 _ Eone-20010

Medias diarias (cm) 2012. Min= 141 Max= 178
D ome—2Z2010

Mlanw—20010

ESQUEMA DATUM MAREOGRAFO REDMAR LAS PALMAS2
(cotas en metros)

cLAavO
“FARO"

The values are relative to zero the gauge, which does not
match the hydrographic zero. A/l the values supplied by =
the State Ports were applied a correction -0.14 m. to N e — -

CERO REDMAR =

CERO DEL PUERTO

refer them to the hydrographic zero, as indicated 1n the y - e e o e T
R del Muelle Elder, sobre el cantil, al norte del faro y junto a barandilla metalica.
protocols and data files in the gauge.

NMMLP: Nivel Medio del Mar en Las Palmas

Nota: La posicion relativa de Clavo y Maredgrafo esta sinpiificada. NMML P- Cero IGN i s ] - e
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Hs Climatology Analysis Tp

Wa Ve Re CO rd S S|gn|f|cant he|ght Peak perlod

D " i eerns or VLR vaL Y, e mE n piaiwig =
[PERIODOPERIOD: 1958-2001 INTERVALO/INTERVAL. Global PERIODO/PERIOD: 1958-2001 INTERVALO/INTERVAL . Global
EFICACIAEFFIC.. 10004 % y CALMAS/CALMS <02 (m) = 0.00 % EFICACIWEFFIC.. 100,04 % y CALMAS/CALMS,<0.2 (s) 0.00 %

1958-2001 SIMAR — 44 and
completed data from 2001- Informacion Historica

Retroandlisis. 2013 with WANA

Modelo SIMAR- | _ _ - Punto SIMAR-44 (1015013)
- Punto WANA (1019013)

44
Panlo WANA - 1019012

PERIODO DE W2 W

DATOS P

UTILIZADO ! Hor
Prediccién EN ESIE Periodo medio  /Meanperiod  ((s)) 224701985
- ESTUDIO 4
] ’ B0

Dato de modelo
A
Aotericr 3 151272011 datos cada

LUGAR/LOCATION: SIMAR-44 1019012 MUESTRE QO/SAMPLING 3Hor. LUGARLOCATION: SIMAR-44 1018012 MUESTRECO/SAMPLING ves ms
PERIODOPERIOD: 1958-2001 INTERVALO/NTERVAL Global PERIODO/PERIOD: 1958-2001 INTERVALO/AINTERVAL
EFICACIAEFFIC: 10004 % \ CALMAS/CALMS <0.2 (m) © 0.00% EFICACIAEFFIC.: 10004 %  CALMAS/CALMS, <02 (s) - WANA

CRONOLOGIA (Afos)

Modelo WANA

HINDCAST NORTE-101913
Hs - 1992/2009

WE'W
BAN

3 Hor
0101-1958
31122001

Hs(metros)

B

Alura signifcativa/ Sigficant height ((m)) Periodo medio  /Mean period  {(s))

02- 10 -20

10- 20 - 40

10000 15000 20- 20 60
Tiempo (dias) -

> 50 >100

HINDCAST SUR
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Bathymetry

The bathymetry which includes the location of the sources of wave data, provided by the
British Oceanographic Data Centre (BODC), GRID with a resolution of 30 arcseconds.

) Hindcast/ Homogenized bathymetric data bases
\

s

GRS Soh Forecast data

#‘1 «W Tide-Gauge ooint This step is to interpolate the bathymetry data to
0/’“ A obtain a regular grid, as required by the SWAN

4 g 7 model — GIS tools » Contour, kriging, fishnet

\

:‘-“‘-fvl". "";-'- l \a,

Y T
N - . - A
- = .;\4 R S J. b = .,‘:::“ , N
- (’zﬁ 31 . !\ - > Lt N N

-‘\
&l
$
\\L

AT Ty 9 \
i\ & ' G 2= 5"' ﬁ" It A
Al A S # )
B\ < N SR
“)‘\ A : ==V A\ ST ,/‘ 4 /o
<Y P [0 ; " Xy Wi/
b )\ { /
‘ ; V g Y Z =
< ; g
S (/
\—- (M 47/ N ; /
N ‘ »
A
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- 3.2 Wave Climate

i Wave propagation
Features of simulations | |

: \
= 150.000 sea state to propagate

(i

3t

1 sea state = 3 minuts in computational
calculation, all sea states'= 10-mounths

5
\
\L

We decided propagate the sea states
in equivalent groups.

,,,,,,,

\\\\\
|||||

i

||||||
)

|||||||
11

t 3 ', ' 25 days by computer / 5 computer »» 5 days

N AT T
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3.2 Wave Climate

SWAN OUTPUTS

3
— Study points in front of

: . 461686.688149 - 3101038.54618

' ‘ 461575.676767 - 3101063.15276
461450.78854 - 3101100.05963
461339.773791 - 3101141.07158
461256.516096 - 3101186.18264

461159.381557 - 3101247.69609
1

lat: 28°02'08,04" N lon: 15°24'22,48" O

\\ \ \ \
\‘ i \‘ \.
| » Y \ \
| { 4 \ \ x:460.070,02 y: 3.101.208,67 z: 53,80 m.
31050004 (/1 1"l %
{ \ 3
'

3110000\

the beach (6 points)

Depth =-10m

3100000

BOCA BARRANCO
BEACH

460000 465000
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3.2 Wave Climate

HINDCAST NORTH — PROPAGATE SWAN - P1

02/07/1992 00:00 02/07/1995 00:00 02/07/1998 00:00 02/07/2001 00:00 02/07/2004 00:00 02/07/2007 00:00

HINDCAST NORTH — PROPAGATE SWAN - P1

02/07/1992 00:00 02/07/1995 00:00 02/07/1998 00:00 02/07/2001 00:00 02/07/2004 00:00 02/07/2007 00:00

HINDCAST NORTH — PROPAGATE SWAN - P5

20
15
10
5
. WWWM

02/07/1992 00:00 02/07/1995 00:00 02/07/1998 00:00 02/07/2001 00:00 02/07/2004 00:00 02/07/2007 00:00

- 3.1 Data; 3.2 Wave Climate; 3.3 Empirical models; 3.4 Risk assesment —4. CONCLUSIONS

Results of the
Propagation

to output points

P5 Mean | Max | Min

HS_P (m) [ERL A R 1

TP_P (s) 6 21 6.1




3.STUDY AREA

Crossing 3
case studies
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0.5
R,,, =tan f*(H *L,)

EMPIRICAL Ry, =3% H
MODELS Rase = Ho * (083 * £y +0.20)

Ryo, =H , *(0.78 *&_ +0.20)

Ryo, = Lz (—In( 0.02)°%3

P

for RUN-UP

0.5
LRU = 0.6% tan ﬁ*(Horms L{}) ’

Lgy =0.05 * (H pps * Lg)07
The significant wave height = Hs = . 2
Wave length = Lo
Wave climate in offshore zone = HmO, Pk, Dm o s
Rz% =11*(G35 *tﬂ.ﬂ ﬁ*(Hﬂ.Lﬂ.) ’ +

The slope of the beach face (profile) = B [((H oLy (0.563 * (tan £)°° + 0.004 ) °1/2)

Ryo, = 0.043 * (H gLgy)""7

v
P

R, =0.80*H_ +0.62
R,; =1.08*H_ *Z&,
R0, 0.27 * (tan S * H (Ly)""
RE% =05*H0—022

R, =0.71*%H, +0.035
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3.3 EMPIRICAL MODELS

t 4. CONCLUSIONS

/

Ve

The developing empirical formulas take into account the type
of beach. However, the beach does not meet the conditions of
application.

These authors were
excluded to calculate
the flood level.

5 authors used to
calculate flood level.
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3.3 EMPIRICAL MODELS

HINDCAST NORTE - PO . Holmanl  » Nielsen  + Rugz

Rmax

HINDCAST NORTE - PO
Rmax

w
o
=
(3}
£
»n
=

10000 15000
Tiempo (dias)
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3.3 EMPIRICAL MODELS

HINDCAST NORTH — PO

Flood Level

Flood Level calculation

_H.m)

wt :i.
-

4

£
b
g
E
E
:
g

01,05,/1992 000 26/01,/1995 00-00 22/10/1997 0000 1B/07/ 2000 00:00 14/04, 2003 00:00 0E/D1,/ 2006 00:00 04,10,/ 200E 0000




ONCLUSIONS
Zone 1 PROFILE 1

Beach zone

100 125 150 175 200 225 250 275 250 375 400

Zone 3
Structures

LI A R N
R
BhhhnbbhbhonsnnbhEhb

"
]

Definition of flood level values (m)

Profile

PO

P1

P2

P3

P4

P5
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L

~ OCCASIONAL l‘
PROBABLE l 35 —-60%

FREQUENT || > 60%

N
' e

47452

Numero de eventos gue ultrapassam - 3m (zona ocio) - caso 1

]|

Exceeding values
.

Nimero de eventos que ultrapassam - 3.4m — (Poca Vegetacion) - caso 2
Numero de eventos que ultrapassam - 14.8 (Infra-estructuras) - caso 3
Probabilidad de ocurrencia (%) - caso 1

Probabilidad de ocurrencia (%) - caso 2

Probabilidad de ocurrencia (%) - caso 3

Grado de probabilidad de ocurrencia - caso 1
Grado de probabilidad de ocurrencia - caso 2

Grado de probabilidad de ocurrencia - caso 3

Description Probability of Occurrence (22 years) Degree

UNLIKELY l‘ 0-3%

RARE l 3-15%

Number of events
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3.4 RISK ASSESSMENT P

Descripcion Consequence (Indicative script)

Weak geological features, or possessing any shrub vegetation, areas of
CONSIDERABLE frequent leisure type.

Coastal protection infrastructure; relevant economic activities; very

VERY SERIOUS weak and unstable geological system and important vegetation.

Raposeiro, P. D., & Ferreira, J. C. (2011)



3.STUDY AREA ave Clin

Pl

pirical models; 3.4 Risk assesm t
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. 8
.

C.1

MNumero de eventos

474527

Numero de eventos que ultrapassam - 3m (zona ocio) - caso 1

165745

Numero de eventos que ultrapassam - 3.4m — (Poca Vegetacion) - caso 2

8258

.~ Nudmero de eventos que ultrapassam - 14.8 (Infra-estructuras) - caso 3

0

Probabilidad de ocurrencia (%) - caso 1

34.51

Probabilidad de ocurrencia (%) - caso 2

17.40

Probabilidad de ocurrencia (%) - caso 3

Stable geological, natural sand beach, busy casual leisure premises and
reduced ecological value.

0

Grado de consecuencia-caso 1

Grado de consecuencia - caso 2

Grado de consecuencia - caso 3

)
2

Coastal protection infrastructure; relevant economic activities; very
VERY SERIOUS weak and unstable geological system and important vegetation.

Aceptabilidad - caso 1

Insignificante

Aceptabilidad - caso 2

Indeseable

Aceptabilidad - caso 3

Reducido
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3.4 RISK ASSESSMENT

Numero de eventos que ultrapassam - 3m (zona ocio) - caso 1
Numero de eventos que ultrapassam - 3.4m — (Poca Vegetacion) - caso 2

Numero de eventos que ultrapassam - 14.8 (Infra-estructuras) - caso 3

Probabilidad de ocurrencia (%) - caso 1 34.51
Probabilidad de ocurrencia (%) - caso 2 17.40

Probabilidad de ocurrencia (%) - caso 3
Grado de probabilidad de ocurrencia - caso 1
Grado de probabilidad de ocurrencia - caso 2

Grado de probabilidad de ocurrencia - caso 3

Grado de consecuencia - caso 1
Grado de consecuencia - caso 2

Grado de consecuencia - caso 3

Aceptabilidad - caso 1 l Insignificante
Aceptabilidad - caso 2 I Indeseable
Aceptabilidad - caso 3 I Reducido

Intersection matrix
Risk Degree = Probability of occurrence X Consequences

Acceptability
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3.4 RISK ASSESSMENT

R

Acceptability

I

3.1 Data; 3.2 Wave Climate; 3.3 Empirical models; 3.4 Risk assesnjéxr‘]'t-‘%.

]
o

Degree

Description

Risk Control

Undesirable

e _ 1

NS Carue Lolisiaered acceptable /
tolerable if you select a set of measures to
control the possible damage in a small
zone.

Risk to be avoided if reasonably practical;
requires detailed research and cost-
benefit analysis; monitoring is essential.
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3.4 RISK ASSESSMENT Profiles Risk Dregree | Acceptability
Z
3
1
. P1 2
Prepare risk maps 5
to improve management 1
P2 2 reduced
3 reduced
Zone 1 : Insignificant 3 and 1 reduced
Zone 2 : Unacceptable 3 and P3 2 _
Zone 3: Undesirable 1 and 3 reduced
1 reduced
3 reduced
1 reduced
P5 2
3
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Zone 1 : Insignificant 3 and
Zone 2 : Unacceptable 3 and

3.4 RISK ASSESSMENT

Risk
Maps ' Reduced

\ s‘\ . -
Reduced S |

N 7z o

~ f 7 N \\\ L 4

P \ Y ;£ NG

- ° ~
-~ : 3
. I "N
{I p \\‘ 4
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CONCLUSIONS

Based on large data sets and a reliable methodology:

* The study identified some potentially dangerous areas »» in zone 2 vegetation
* Other zones (1 and 3) are areas of occasional low-risk flooding.

 The most frequently flooded area is the beach zone (1), which does not present any
risk.

* As expected, the area with the lower risk is zone 3, where the structures are located
in a high topographic level above sea-level.

* As a result of this, overtopping is not observed in zones with infrastructures.
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