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Something in common 



Tools to understand climate 



Tools to understand climate 
 



Practical Applications 



Modeling Challenge 



Ocean Modeling &  
Data Assimilation  

Previews work 
 
 

 



Former Research Project 



Benchmark Test Cases: 3D Lock Release 



Benchmark Test Cases: 3D Internal Wave Beam 
 



Reference 



Solving sub-mesoscale processes 

Density stratification 

within the ocean 

interior supports the  

propagation of 

internal gravity 

waves. 



FACT: Model errors are currently inevitable. 

Uncertainty Quantification(UQ) 

UQ is the process by uncertainty is estimated in a system. 

Y −Ỷ= e 

Where e is an unknown error 

Uncertainty Reduction(UR) 

UR which has the purpose of reducing the uncertainty in a system. 



FACT: Model errors are currently inevitable. 



Data Assimilation Philosophy 



Question to be addressed 

Question to be addressed? 

•What models do we use? 

•What assimilation algorithms do we use? 

•What type of observations do we assimilate? 

•What are the observation errors? 

•What are the model and analysis errors? 
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Assimilation approaches 

Variational approach 

•Optimal Interpolation 

•3DVar 

•4DVar 

Sequential approach 

•Kalman Filter Kalman,1960 

•EnKF Evensen,1994 

•ETKF Bishop& Hunt,2001 

•EAKFAnderson,2001 

•Particle Filter Non Gaussian 

•ESRKFTippett,2003 

•Hybrid: OI EnsKF,SSEnsKF 
 

 



Ensemble Kalman Filter 



KF Vs EnKF 



Problem Statement 



Problem Statement  
 



How are we going to do this? 



Continue Canas, 2009 work?  

MOHID the Singular Evolutive 

Extended Kalman Filter (SEEK), 

developed by Pham et al. (1998a), and 

the Singular Evolutive Interpolated 

Kalman Filter (SEIK), developed by 

Pham et al. (1998b) these schemes are 

chosen for this first data assimilation 

implementation since they have 

reported applicability in non linear 

models, have small computational cost 

and algorithm complexity and are easily 

scalable to other more advanced 

schemes articularly adequate for data 

assimilation in non linear models   



Another option: To implement 3DVAR/4DVAR into MOHID. 

3DVAR has been very successfully 

implemented into ROMS with several 

operational applications.    



Possibles Solutions 

ROMS + 30 more 



OpenDA 

From Deltare 





Proposal 



DART 

From NCAR 







Filter Module 



I can go on forever…. 



How to proceed? 

Define the DA  Methodology 

for MOHID. 
03 

● Define Interpolation Methods 

● Initial Ensemble Member 

● Nr. of Ensemble 

● Assimilation window 

● OSSE 

What type of observation we 

are going to assimilate? 
02 

● Find spatial and temporal scales 

● UQ for observation errors 

● Model Validation  

What forecasting system we 

want to improve? 
01 

● Define study region 

● Define analysis season 

● Identify the challenges 



 
What forecasting system we want 
to improve? 



PCOMS 
Operational since 2011  

Campuzano F, Brito D, Juliano M, Fernandes R, de Pablo H, 

Neves R. Coupling watersheds, 

estuaries  and  regional  ocean  through  numerical  

modelling  for  Western  Iberia:  a  novel 

methodology. Ocean Dynamics. 2016; 66(12): 1745–1756. 

DOI: 10.1007/s10236-016-1005-4. 

DOMAIN 

(A) 

 West Iberia (2D) 

(B) 

 Portugal (3D)+ 

 the Iberian Atlantic coast 

(C) 

Tagus Estuary  3D 

Grid Corner (33.48 °N, 45.90 °N) 

 (4.20 °W, 13.50 °W) 

 34.38 °N, 45.00 °N 

 5.10 °W, 12.60 °W 

38.16 °N, 39.21 °N 

38.5-39.1 °N 

Horizontal 

Dim 

207 x 155 177 x 125 

 

 120x145 

Vertical Dim ---- 7 Sigma Layer (0- 8.68)  

43 Cartesian  layers 

7 Sigma Layer (0-8.68)  

43 Cartesian  layers 

Delta x  0.06° (≈ 5.2 km) 

 

 0.06° (≈ 5.2 km) 

 

≈ 2 km off 

the coast up to 250 m 

 

Delta t 

Tides  FES2004 (Lyard et al., 2006) From  (A) From B 

Atmosphere WRF (Skamarock et al., 2005)  

12 km ????  

http://www.meteogalicia.es/ 

 MM5 (Grell  et  al.,  1994) 

9km provided  by IST 

 WRF (Trancoso, 2012) 

3 km 

http://meteo.tecnico.ulis

boa.pt/  

Discharge --- --- Almourol  

Modules Baroclinic hydrodynamic, 

ecological 

Baroclinic 

hydrodynamic, 

ecological 

http://meteo.tecnico.ulisboa.pt/
http://meteo.tecnico.ulisboa.pt/


A Validated Model 
Operational since 2011 

● Data available every 3 hours 

● Salinity, Temperature, Velocities, SSH, Dissolved 

Oxygen, Chlorophyll-a, Zooplankton, Nitrate, 

Phosphate,suspended particulate Matter.  

 

Campuzano, et al.  (2016). Coupling watersheds, estuaries  and  

regional  ocean  through  numerical  modelling  for  Western  Iberia:  

a  novel Methodology . Ocean Dynamics. 2016; 66(12): 1745–1756. 

DOI: 10.1007/s10236-016-1005-4. 

 

Rodrigues, J. (2015). The Tagus estuarine plume variability: impact 

in coastal circulation and hydrography. Master Thesis, 

Universidade de Aveiro.  

 

 

 

Add more references here Mohid data source: : http://forecast.maretec.org/maps_tagusmouth.asp 

  

 

http://forecast.maretec.org/maps_tagusmouth.asp
http://forecast.maretec.org/maps_tagusmouth.asp
http://forecast.maretec.org/maps_tagusmouth.asp
http://www.hidrografico.pt/simoc.php


HF Radar  
&  
Mohid Tagus Model 
Exploratory Analysis 
 
by Mariangel Garcia;  
 
Francisco Campuzano; Paulo Chambel Leitão and Ramiro Neves  

 



Motivation 
Data Assimilation Project 

Develop a data assimilation module 

for MOHID to improve forecast 

capabilities along Tagus River 



GOAL 

1. Explore the quality of the real time data available along Tagus River 

2. Validate Mohid Tagus Model with HF Radar data 

3. Determine the most accurate region to interpolate HF Radar Data into Mohid 

Model 

4. Propose  the methodology to assimilate observations into Mohid Model 



Exploring HF 

17 days exploratory Analysis 
May, 01-17,  2018  



HF data 

● Resource:  Hidrografico 

● Grid Spacing: ~1.4 Km 

● Frequency: every hour 

● Format .tuv (ASCII file) 

● The output is already pre-

processed by SeaDisplay 

6.7.8 

● Averaging Radius: 4.000 km 

● DistanceAngularLimit: 20.0 

● CurrentVelocityLimit: 100.0 

cm/s 

 
HF Data source:http://www.hidrografico.pt/simoc.php 

 

http://www.hidrografico.pt/simoc.php
http://www.hidrografico.pt/simoc.php


Sanity Check 



HF Quick 
Overview 

● Mesh changes 

over time 

● Higher velocities  

at boundaries 



Mohid and HF 
first look at the 
data  
 
 
 



Grid Interpolation 

From Observation to Grid 



Grid Version 2:  
145x120   
xmin=-9.6         ymin=38.35; 
xmax=-9.2079 ymax=38.6855 
 
 
 

Grid Version 1 Grid Version 2 

Interpolation Method: 
uses a Delaunay triangulation of the scattered sample points to 

perform interpolation.  

 

[1] Amidror, Isaac. “Scattered data interpolation methods for 

electronic imaging systems: a survey.” Journal of Electronic 

Imaging. Vol. 11, No. 2, April 2002, pp. 157–176. 

 

 

 

 



Validation with HF 

17 days exploratory Analysis 
May, 01-17,  2018  



R: Correlation Coefficient 

HF Vs 
Model 
during 
Low Tide 



HF Vs 
Model 
during 
High  
Tide 

R: Correlation Coefficient 



R: Correlation 

Coefficient 



Average velocities over time (17 days) 
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17 days Time Series analysis  
May 2018 
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Time Average RMS for the 17 days 



Time Average correlation Coeff for the 17 days 
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Skill of the model 
Rodrigues, J. (2015).  

 (
m

/s
) 



Preliminary region “estimate” to  
Assimilate HF Radar into MOHID Model 



NEXT 
For HF Validation and Data 

 

1. Identify sources of weather 

data. 

2. Quick validation of WRF model 

with one station.  

3. Find correlation between wind 

and currents  

4. Find other sources of 

observations to validate 

velocities. 

5. Propose the best region to 

assimilate the HF Radar data 

6. Explore other sources of 

observations for Tagus 

 



NEXT 
For Data Assimilation 

 

1. Decide the DA approach for 

MOHID. 

2.  Find a cluster to do MOHID 

testing in Linux. 

3. Learn Restarting on MOHID 

4. Run several perturbed instance 

of MOHID in parallel. 

 

1. CODE LIKE CRAZY!! 

 

 



Thank You! 



Questions? 



Weather around  Tagus 

‘’The influence of the wind 

stress on the surface of the 

ocean has a large impact on 

surface current variability.  

This is quite true in estuarine 

plume propagation studies.  

The adjacent coast of the 

Tagus Estuary is highly 

influenced by the wind 

variability.’’ 

 

Ref: Rodrigues, J. (2015).  
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surface current variability.  

This is quite true in estuarine 

plume propagation studies.  

The adjacent coast of the 

Tagus Estuary is highly 

influenced by the wind 

variability.’’ 

 

Ref: Rodrigues, J. (2015).  

https://www.windfinder.c

om/windstatistics/lisboa 



WRF3 Validation 

EMG: Estação 

Meteorológica da 

Guia 

 

Ref: Rodrigues, J. (2015).  



WRF Model IST Operational since 2007 

Ref: PhD Thesis, Trancoso 2012 



Source of 
Meteorological 
Data 

● SNIRH 

● IST 

● IPMA 

 

ttps://snirh.apambiente.pt/index.php?idMain=2&idItem=1&objCover=920123704&objSi

te=920685506 

Selected stations: 

★ Costa Caparica 

★ IST 

★ Aeroporto (where??) 

★ EMG: Estação 

Meteorológica da Guia 

(No data?) 

Thanks Marcos Mateus!!!  

https://snirh.apambiente.pt/index.php?idMain=2&idItem=1&objCover=920123704&objSite=920685506
https://snirh.apambiente.pt/index.php?idMain=2&idItem=1&objCover=920123704&objSite=920685506


https://english.wunderground.com/wundermap 

Source of 
Meteorological 
Data 

Thanks Jorge Palma!!!  

Selected stations: 

Daily data only 

★ Cais do Sodre 

★ Praia Parede 

★ Caparica S.Joao da 

Caparica 

 



IST Station 

Técnico  

Lat:38.736°, Lon:-9.138°, 

Alt: 90m (+49m) 

Data available since 2012 

every hour. 

http://meteo.tecnico.ulisboa.pt/public/emaIST_wind.dat 

http://meteo.tecnico.ulisboa.pt/obs/history/velVento/monthly/2018/05 

Thanks Jorge Palma!!!  
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WRF grid 

● IST 

● Cascais 

● Aereopuerto 



Pre-Processing workflow for comparison  

5 2 3 

MOHID Tools 
 

1 
4 



Trying to use Mohid tools for the first time, I will use the 
tools later 


