ON COASTAL ENGINEERING 2018

Baltimore, Maryland | July 30 — August 3, 2018

{(ECE 36TH INTERNATIONAL CONFERENCE
N

2019

The State of the Art and Science of Coastal Engineering

New Wave Hindcast for the

Rio de la Plata Estuary
ey : Rodrigo Alonso, Pablo Santoro and Sebastian Solari
TIMTIQ B oomvmmn i Instituto de Mecdnica de los Fluidos e Ingenieria Ambiental.
Facultad de Ingenieria.

Universidad de la Republica, Uruguay.




Content

Introduction

Peculiarities of the Rio de la Plata
Improvements of the new wave hindcast
Input of water levels and currents
Validation of CFSR Winds

The wave model

Results

Conclusions and future work

CCE
-

2010




Introduction

Long-term and good quality wave data
series are required for multiples activities.

- Observations are commonly sparse and don’t cover long periods.
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p ] ==

0000000000000000000000000000

5 ——

0000000000000000000000000000

There are valious global wave hindcast where we can freely

EUROPEAN GENTRE FOR MEDIM RANGE WEATHER FORECAS

But, in order to: Improve the resolution and take advantage of local
data (bathymetry, bed composition, wave and wind observations, etc.)

A local hindcast is necessary.
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Introduction

The first wave hindcast for Uruguay was done in 2012.

URUGUAY

In the context of a wave energy research project.
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Introduction

The first wave hindcast for Uruguay was done in 2012.
In the context of a wave energy research project.

Contents lists available at ScienceDirect

Energy

ELSEVIER journal | homepage: www. slsevier.com/locate/ensrgy

Wave energy resource assessment in Uruguay @mek

Rodrigo Alonso’, Sebastidn Solari, Luis Teixeira
Instiato de Mecinica de los Fisdas ¢ Ingerseria Amblental, Facuitad de Ingewieria Universidad de ks Repablica, Uriguay

Contents lists available at ScienceDirect

Renewable Energy

ELSEVIER journal homepage: www.elsevier.com/locate/renene

Wave and tidal energy resource assessment in Uruguayan shelf seas

Rodrigo Alonso, Michelle Jackson, Pablo Santoro, Monica Fossati, Sebastian Solari’,
Luis Teixeira

Instieuto de Mecinica de los Fluidos e ingenierfa Ambiental, Facultad de Ingenieria, Universidad de I Repiblico, Unuguay

The focus was on the Atlantic,

where wave power is higher.

The Rio de la Plata was included,
but with not enough attention.
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Introduction

The first wave hindcast for Uruguay was done in 2012.

URUGUAY

In the context of a wave energy research project.

Contents lists available at ScienceDirect
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Rio de la Plata

It is a large estuary formed by the confluence of Parana and Uruguay rivers that discharge into
the Atlantic Ocean. It is 290 km long and has a NW-SE orientation.

Uruguay River

The outer zone is wide (O(200 km)), the
Parana River . depth varies between 10 and 20 m and the
’ bottom is composed by sand,

The intermediate and inner zone is
narrower (O(50 km)), shallower (O(5 m))
and the bottom is composed by fine
sediment.
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Improvements of the new wave hindcast

Scheme of the 1st hindcast

Inputs: CFSR Winds Bathimetry: GEBCO Currents and water level
0.5°x0.5°and 6 h and nautical charts variations: No

Model:  Wavewatch 1l v3.14, multi-grid mode (Global-Regional-Local), ST3 parametrization

Outputs: py|k wave paremeters (Hs, Tm, Tp, Dm, Dp,...) with 1’x 1’ spatial resolution and
3 h time step.
Spectra series on 20 points.
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Improvements of the new wave hindcast

GIS with all the
~0.3°x0.3°y 1h nautical charts Yes, from TELEMAC 2D
Inputs: CFSR Winds Bathimetry: GEBCO Currents and water level
= . and nautical charts variations.Ne—

Global, South Atlantic, Regional,
Local and Coast ST4

v5.16
Model:  Wavewatch Illp./lﬁl, multi-grid mode~tGtotrat-Regiomattocal), SI3 parametrization

The Rio de la Plata was taken into account for calibration

Outputs: Bulk wave paremeters (Hs, Tm, Tp, Dm, Dp,...) with Mspatial resolution and

1h }Iﬂ(ﬁme step. 40 “x 40
Spectra series on}G’{oints.

_ Parameters of spectral partitions
50 points
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Improvements of the new wave hindcast

* Incorporation of water levels and currents
Inpt
* Winds with higher resolution

* Higher resolution of the wave model (spatial and spectra).
Mo( n
* New Parametrizations

Outfe Calibration taken into account the Rio de la Plata.

* More outputs with higher resolution.
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TELEMAC 2D.

Currents and Water levels

Non-structured grid ~1km resolution along the uruguayan coast

Rio Uruguay +
Parana Guzau

-32.2
Rio Parana

Las Palmas

-33.6

-36.4

Argentina

-37.8

-39.2 586 57.2

Uruguay

Forcings:

* Diary mean discharge of Uruguay
and Parana Rivers.

e Surface winds and pressure from

CFSR
* Tides from AsTide

Calibration

Manning (n) and Wind Drag (C,).
Considering water level observations

La Paloma
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Validation of CFSR Winds

Analysis for sub-regions considering altimetry data
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Good general
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~ agreement
" The worst

«  performance is on
" the Inner RDP.

0.66

0.64

Differences on high
cuantiles.

Caused by a few events.

Not enough information
to perform corrections.
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Wave model

Configuration

Forcings:
WAVEWATCH III ® 5.16. Multi-grid mode. CFSR winds ~0.31° for all the grids.

Two-way nesting. 5 regular grids. TELEMAC water levels 2’ for high Rank grids (Green and yelllow)
TELEMAC currents 1’ for high Rank grids (Green and yelllow)
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Wave model

son ¥ ST2-Mss Sl (%) % ¥ - s "y

Parametrization 3 ) e

Stopa et al. (2016). 1 year global hindcast for
diferent parametrizations (ST2, ST3, ST4 and ST5)
contrasted with Hs altimeter data.
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tter indices (in percentage) for ST2, ST ST3, ST4, and ST6 using co-located mean squared slopes from ENVISAT for 2011 gridded in 2° bins.

ST4 shows the best results for
the western South Atlantic.
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Fig. 3. Normalized wave height bias (in percentage) for ST2, ST3, ST4, and ST6 using co-located wave heights from ENVISAT for 2011 gridded in 2° bins.
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Wave model

Calibration 2002: More data than the average, and also more
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Wave model

Calibration
Results with default parameters (4 month simulation)
RDP Med e Int set3 _im1 Atlantico
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BETAMAX from ST4 wind input parametrization and GAMMA from JONSWAP bottom friction
parametrization were chosen to tune.
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Wave model

Calibration
| |BETAMAX=1.43 |BETAMAX=1.55 |BETAMAX=1.66
No bottom friction — GAMMA=0 SIM11 SIM12 SIM13
GAMMA=-0.03  SIM21 SIM22 SIM23
GAMMA=-0.067 SIM32 SIM33
[GAMMA]=m?2s3 Default

RDP Med e Int
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\
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/
-34 1 -34r /
7
35+ 1 -35r
36 4 -36F -36 [ -36
37+ 1 -37r
38 . . ; . . . . .38 . . . . . . . 8 . . : . . . . 8 . . . . . . .
301 302 303 304 305 306 307 308 309 301 302 303 304 305 306 307 308 309 301 %02 303 304305306 307 308 309 1302 303 304305306 %07 308 309

Ati3 Atl2 RDP Ext RDP Med e Int

ON COASTAL ENGINEERING 2018

Baltimore, Maryland | July 30 — August 3, 2018

LCCE 36TH INTERNATIONAL CONFERENCE
~

2019



Wave model

Calibration

1.5

Atlantic coast (Atl3 and Atl 2)

-

Outer Rio de la Plata (RDP Ext)

Standard deviation

Middle Rio de la Plata (RDP Med)
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Wave model

Calibration

1.5

GAMMA =0 (No bottom
friction)

-

GAMMA = -0.03 m?2s3

Standard deviation

GAMMA = -0.067 m2s3
(Default)
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Wave model

Calibration BIAS (m)
RDP Med e Int RDP Ext
M ) T ) I ) e
GAMMA=0 0.43 0.45 GAMMA=0 0.12 0.15 0.17
GAMMA=-0.03 -0.19 -0.16 -0.14 GAMMA=-0.03 -0.17 -0.14 -0.12
GAMMA=-0.067 -0.32 -0.29 -0.27 GAMMA=-0.067 -0.30 -0.27 -0.25
Atl3 Atl2
i Loewncass [awciss [l Tomwers st ss [oemmcice
GAMMA=0 0.02 0.06 0.10 GAMMA=0 -0.01 0.02 0.06
GAMMA=-0.03 -0.07 -0.02 0.01 GAMMA=-0.03 -0.1 -0.11 -0.08
GAMMA=-0.067 -0.15 -0.11 -0.07 GAMMA=-0.067 -0.26 -0.23 -0.20
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Wave model

Calibration S|
RDP Med e Int RDP Ext
I e o e ) e e
GAMMA=0 27.1 GAMMA=0 39.6 40.3 40.9
GAMMA=-0.03 22.5 22.9 23.3 GAMMA=-0.03 31.3 31.9 32
GAMMA=-0.067 21.7 21.6 21.5 GAMMA=-0.067 31.8 32.2 32.6
Atl3 Atl2

M e ) ) e e
GAMMA=0 15.8 16.5 17.2 GAMMA=0 15.7 16.3
GAMMA=-0.03 15.1 15.7 16.4 GAMMA=-0.03 15.2 15.3 15.6
GAMMA=-0.067 15.3 15.9 16.5 GAMMA=-0.067 16 16 16.2
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Wave model

Calibration
O o
GAMMA=0
GAMMA=-0.03 ) ) ) <— Zero Bias, GAMMA between 0 and -0.03 m?s™
GAMMA=-0.067 ) : -
S| >  BETAMAX =1.43  BETAMAX =1.55
T GAMMA=0 L | e
GAMMA=-0.03 Minimun W g
l GAMMA=-0.067 g I
e T e
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Results

RDP Med e Int RDP Ext

Rio de la Plata Medio e interior Rio de la Plata Exterior
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Results

Atl3 Atl2
Costa Atlantica. Punta del Este - La Paloma Costa Atlantica. La Paloma - Chuy
Tid 6
6 A
NObs= 2142 7 Sr NObs= 2863
| Mean Obs/Mod =1.76/1.83 o Mean Obs/Mod =1.66/1.69
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_ 2.2 9 ¢ -
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Results

RDP Med e Int

Middle RDP

1st Hindcast The New

NObs= 784

2 5 - 25 [
’ Mean Obs/Mod =0.698/0.583

Std Obs/Mod =0.312/0.38

L
BIAS =-0.115 . "

¢
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Conclusions and future work

* A new wave hindcast for Uruguay was recently developed.

* It has a better performance than the previous one, particularly for the
Rio de la Plata.

* Results show the key role of bottom friction. So, parametrizations
newer than JONSWAP must be tested, and more research is needed.

* A big portion of the errors that still persist are inherited from the wind
fields. So improving them must be included on future works.

* In-situ measures are necessary to have better reference data than the
provided by altimetry.
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Conclusions and future work
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Thanks for your attention!
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