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PORTUGAL

MOTIVATION

• The length of Portuguese coast

• The importance of the coastal zone in socio-economic activities

• The severity of the sea conditions

• Safety of people and goods

Justify studying 
wave-induced risks

AZORES

MADEIRA

MAINLAND 
PORTUGAL

SPAIN

To predict flooding and overtopping 
in port and coastal areas

ASSESS THE WAVE 
OVERTOPPING RISK

SYSTEM

C. da Caparica

Praia da Vitória
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MOTIVATION

NAVIGATIONINFRASTRUCTURES
PEOPLE ROADS

BUILDINGS

• Consequences of wave overtopping and flooding

• The entry and 
departure in port

• Moored ships 
behavior



6

OBJECTIVES OF HIDRALERTA SYSTEM

Create a user-friendly tool, that allows: 

• Real-time and Forecast overtopping/flooding emergencies, issuing warning 

messages to the authorities when the safety of people, goods or activities in 

these areas is likely to be at stake; It considers sea-wave forecast up to 180 

hours;

• Construction of risk maps that are decision-support tools for the authorities. 

These maps are constructed by considering either long-term series of sea-wave 

characteristics or predefined scenarios associated with climate change and/or 

extreme events; 

 

Hs ,Tp , Ɵ, NM, UV 

0 hours
3 hours

180 hours

Sea-wave forecastSea-wave forecastLong-term series of sea-wave data Sea-wave forecastSea-wave forecast
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METHODOLOGY
The system is developed in Python language and it is implemented in a WebGIS platform.
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HIDRALERTA SYSTEM

WWIII SWAN DREAMS NN OVERTOPPING EARLY WARNING

Hs, Tp, Ɵ, NM

OFFSHORE WAVE PREDICTIONS 

INSHORE WAVE PREDICTIONS

WAVE CONDITIONS 
INSIDE THE PORT

WAVE PREDICTIONS NEAR 
STRUCTURES

WAVE OVERTOPPING 
CALCULATION

EARLY WARNING WHEN WAVE 
OVERTOPPING THRESHOLDS 
ARE EXCEEDED

WARNING SYSTEM
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STUDY CASE: PRAIA DA VITÓRIA BAY

Praia da

Vitória
TERCEIRA

ISLAND

WARNING SYSTEM
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APPLICATION TO PRAIA DA VITÓRIA

SWANWWIII

WARNING SYSTEM
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APPLICATION TO PRAIA DA VITÓRIA
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ISSUE EARLY WARNING / PLATFORM 

• SYSTEM DEVELOPED IN PYTHON

 COUPLING MODELS

 SYSTEM AUTOMATIZATION

 WEB COMPONENT

• VISUALIZATION OF THE FORECAST 

RESULTS AND HISTORICAL DATA

• SEVERAL LAYERS OF INFORMATION 

(WebGIS)

WARNING SYSTEM
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Probability
Level

Consequences
Level

Risk
Level

RISK ASSESSMENT SYSTEM
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Thresholds for wave overtopping q 
(Pullen et al., 2007)

• People – <0.1
• Vehicles – <10

• Buildings – <1
• Equipment – <0.4

Units: l/s/m

Count threshold exceedance

Probability

Probability 
level

RISK ASSESSMENT SYSTEM

Improbable (<1%)

Remote (1 – 10%)

Occasional (10 – 25%)

Probable (25 – 50%)

Frequent (>50%)
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Reflect the importance of
dangeours events

The consequences level
for each cross-section

RISK ASSESSMENT SYSTEM
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Cross
section

Probab. 
Level

Conseq. 
Level

Risk 
Level

D1 1 1 1
D2 2 2 4
D3 1 2 2
D4 2 2 4
D5 2 2 4
D6 1 2 2
D7 1 2 2
D8 2 2 4

RISK ASSESSMENT SYSTEM

For people (e.g.):

PEOPLE RISK MAP

Risk Map



20

 HIDRALERTA system need to be validate, both as a whole 

and for each component. 

 This validation can be made through several methodologies 

(in situ measurements, physical modelling, and others).

HIDRALERTA VALIDATION

In situ measurements Physical modelling
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 The use of Sentinel data can help on this validation, namely

 Sea wave conditions

 High accuracy radar altimeter systems for sea-level measurements will 

validate the DREAMS and SWAN results (wave heights , periods and 

directions

 Sentinel-3’s innovative altimeter will allow further advancements for 

monitoring water levels and  sea and land surface temperature.

THE USE OF SENTINEL DATA

Wave heights, 
periods and 
directions
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 Flooded areas

 Extraction of large scale 

geographical information from 

high resolution satellite images 

with high temporal frequency is 

an efficient source of updated 

land use/land cover to feed 

environmental models 

 The use of Sentinel data will 

permit to identify flooded areas

THE USE OF SENTINEL DATA
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CONCLUSIONS

• HIDRALERTA system has the potential to become a useful tool for the 
management of coastal and port areas, due to its fast and efficient 
capacity to effectively issue warning and to evaluate risks

• The early warning system is running permanently for Praia da Vitória

• The use of Sentinel data will be useful for the validation of HIDRALERTA
• Sea wave characterization
• Flooded areas
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