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Climate Information Needs
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• Critical asset, operations or systems.

• Historical impact of extreme weather events.

• Climate risk thresholds that entail a risk to the port.

• Definition of specific indicators (based on frequency and 
intensity) of exceedance of the thresholds.



Climate Information Needs

• What must be studied and why

• How to process data

Currents Waves Wind Sea level Visibility

Restrictions to navigation

Description

The currents generated near the inlet are mainly 

driven by tide. It has been identified that the mean 

water level is crucial to determine the tidal prism 

and as consequence the intensity of the currents. 

Two thresholds of current velocity have been 

established: (1) Above 1 knot for ships over 150 m 

length and 9.0 m draft; (2) Above 4 Knot for ships 

over 135 m length and 7.5 m draft.

Port of Aveiro is located inside the Ria 

de Aveiro and is well protected from 

swell, however the pilot’s operation 

(boarding vessel at sea) is impacted 

by the waves. During periods of Hs 

above 4 meters pilots do not board 

vessels at sea.

Strong winds also affect ship’s 

entrance and exit. The Port adopts 

two thresholds: (1) 30 knots for vessels 

larger than 135 meters; (2) 40 knots for 

all vessels.

--

Visibility shorter than 500 m restricts 

the entrance of ships longer than 

135 meters.

Processing

Evaluate the navigation windows available with 

currents below 1 knot, based on high resolution 

modelling for the navigation channel.

Basic wave statistics and evaluate 

events where Hs exceeds 4 m, their 

duration and frequency.

Basic wind statistics and evaluate 

events where wind exceeds 30 and 40 

knots, their duration and frequency.

--

Evaluate events (duration and 

frequency) where visibility is lower 

than 500m, using a visibility proxy 

(difference between air 

temperature and dew point).

Operational Threshold

Description -- --

Land operations limited by winds 

higher than 54.4 knots. Exception: 

Beyond 28.8 km/h the operation with 

solid bulk in North Terminal could be 

suspended by the Port Authority if the 

wind direction is from SSO (180º to 

225º) or NNW (315º to 360º).

--

It may occur due to fog or heavy 

rainfall. Visibility shorter than 200 m 

restricts road traffic operations.

Processing -- --

Basic wind statistics and evaluate 

events where wind exceeds 28.8 and 

54.4 knots, their duration and 

frequency. Evaluate if wind direction is 

expected to change above 28.8 

knots, their duration and frequency.

--

Evaluate events (duration and 

frequency) where visibility is lower 

than 200m, using a visibility proxy 

(difference between air 

temperature and dew point).

Infrastructure’s thresholds design

Description --

Wave climate change leading to 

higher or more frequent damages in 

harbour protection structures

--

Sea level increase: (1) 

impacts in low level dock 

structures; (2) reduces 

rainwater drainage capacity 

in low land areas

--

Processing --
Wave climate statistics and extreme 

event analysis
--

Extreme events of sea level 

(including tide, meteorology 

and mean sea level)

--



Currents Waves
Restrictions to navigation

Description

The currents generated near the inlet are mainly driven by 

tide. It has been identified that the mean water level is 

crucial to determine the tidal prism and as consequence 

the intensity of the currents. Two thresholds of current 

velocity have been established: (1) Above 1 knot for ships 

over 150 m length and 9.0 m draft; (2) Above 4 Knot for 

ships over 135 m length and 7.5 m draft.

Port of Aveiro is located inside the Ria de 

Aveiro and is well protected from swell, 

however the pilot’s operation (boarding 

vessel at sea) is impacted by the waves. 

During periods of Hs above 4 meters pilots 

do not board vessels at sea.

Processing

Evaluate the navigation windows available with currents 

below 1 knot, based on high resolution modelling for the 

navigation channel.

Basic wave statistics and evaluate events 

where Hs exceeds 4 m, their duration and 

frequency.

Infrastructure’s thresholds design

Description --

Wave climate change leading to higher or 

more frequent damages in harbour 

protection structures

Processing --
Wave climate statistics and extreme event 

analysis



Sea level

Infrastructure’s thresholds design

Description

Sea level increase: (1) impacts in low level 

dock structures; (2) reduces rainwater 

drainage capacity in low land areas

Processing
Extreme events of sea level (including 

tide, meteorology and mean sea level)



Numerical models

• Currents
• High resolution modelling for the whole Ria de Aveiro - MOHID

• Joint validation work with IDAD (local R&D institute)

• Waves
• ECMWF’s Wave Model (Baseline, RCP 4.5 and 8.5) – 30 km res.

• Sea Level
• Combined result of changes in

• MSL - Oppenheimer et al., 2019 

• Storm surges - calculated with regional models PCOMS and GTSM

• Astronomic tide inside Ria de Aveiro – High resolution MOHID



Currents



Currents < 1 not (hours/day)

Window of operation < 1 
not

Present 

[h/day]

RCP 4.5 (2040-

2060) [h/day]

RCP 8.5 

(2040-2060)  

[h/day]

RCP 4.5 

(2080-2100)  

[h/day]

RCP 8.5  (2080-

2100)  [h/day]

Point 1 - Spring Tide 3.2 2.8 - 3.0 2.7 - 2.9 2.5 - 2.8 2.2 - 2.6

Point 2 - Spring Tide 3.3 2.8 - 3.0 2.7 - 2.9 2.4 - 2.8 2.1 - 2.6

Point 1 - Neap Tide 6.5 5.5 - 5.9 5.4 - 5.8 4.8 - 5.5 4.3 - 5.1

Point 2 - Neap Tide 6.8 5.7 - 6.1 5.5 - 6.0 4.8 - 5.7 4.3 - 5.2



Currents < 4 nots (hours/day)

Window of operation < 4 
nots

Present 

[h/day]

RCP 4.5 

(2040-2060) 

[h/day]

RCP 8.5 

(2040-2060)  

[h/day]

RCP 4.5 

(2080-2100)  

[h/day]

RCP 8.5  

(2080-2100)  

[h/day]

Point 1 - Spring Tide 14.2 12.1 - 12.9 11.8 - 12.7 10.6 - 12.1 9.3 - 11.2

Point 2 - Spring Tide 18.2 14.8 -16.1 14.3 - 15.8 12.5 - 14.8 10.6 - 13.5

Point 1 - Neap Tide 24.0 24.0 24.0 24.0 24.0

Point 2 - Neap Tide 24.0 24.0 24.0 24.0 24.0



Sea Level

IPCC 5 Scenarios  Global Mean Sea Level [m] 

RCP 4.5 (2040-2060)  
0.19-0.34 

RCP 8.5 (2040-2060)   
0.23-0.40 

RCP 4.5 (2080-2100)   
0.34-0.64 

RCP 8.5  (2080-2100)   0.51-0.92 

 

Mean Sea Level

(literature)

Storm Surge

( average of 2 

regional models)
Astronomic tide

(high res model) 



Storm surge
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• Baseline: PCOMS and GTSM models using ERA5 meteorological reanalysis (1979 to 2017)

• Validation period 2015-2017, for 7 tidal gauges along the Portuguese coast

• RCP4.5 and 8.5 scenarios using 4 simulations to define a range of values: PCOMS with 
CNRM, IPSL and MOHC, and GTSM ( with EC)



Astronomic tide

• MSL rise increases the dampening effect the Ria de Aveiro inlet has on the 
astronomic tidal wave

• Values represent height above MSL for a 3.1 m spring tide



Sea Level

Return period 
[years]

Present

RCP 4.5 (2040-
2060) [m]

min - max

RCP 8.5 (2040-
2060) [m]

min - max

RCP 4.5 (2080-
2100)  [m]

min - max

RCP 8.5  (2080-
2100)  [m]

min - max

2 4.07 4.19 4.30 4.32 4.45 4.37 4.69 4.48 4.92

5 4.16 4.26 4.38 4.38 4.55 4.43 4.78 4.56 5.03

10 4.22 4.31 4.45 4.43 4.61 4.47 4.83 4.60 5.11

25 4.30 4.36 4.52 4.48 4.70 4.52 4.91 4.66 5.21

50 4.35 4.39 4.58 4.52 4.76 4.57 4.98 4.70 5.29

100 4.41 4.44 4.64 4.56 4.82 4.60 5.03 4.73 5.36

Estimated range for the extreme sea level events for the navigation and dock 

area of the port of Aveiro.

Combined result of changes in:

• mean sea level

• storm surge

• astronomic tide



Wave data



Waves - Statistics

Present RCP 4.5 

(2040-2060)

RCP 8.5 

(2040-2060)

RCP 4.5 

(2080-2100)

RCP 8.5 

(2080-2100)

Hs mean (m) 1.95 2.16 2.19 2.18 2.09

Tp mean (s) 11.17 11.31 11.24 11.27 11.11

Hs 90% (m) 3.3 3.73 3.77 3.84 3.59

Hs 95 % (m) 4.0 4.60 4.57 4.69 4.38

Hs max (m) 9.36 10.85 10.30 11.86 12.08



Waves – Extreme events

Scenario Present
RCP 4.5 

(2040-2060)

RCP 8.5 

(2040-2060)
RCP 4.5 

(2080-2100)

RCP 8.5 

(2080-2100)

Number of events 312 485 507 478 440

Mean Event 

duration (days) 1.15 1.21 1.20 1.30 1.14

Mean Interval 

between events 

(days) 22.2 13.8 13.2 13.8 14.9



Recommendations for 
future work

• Flood propagation studies, including flow & water level 
monitoring and model validation, in river Vouga and 
eventually in other tributaries

• Evaluation of freshwater influence in extreme sea levels 
inside Ria de Aveiro

• Evaluation of freshwater influence on navigation channel 
currents
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