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Why nes5ng? 
•  Increase the resolu5on where users need it 
(especially coastal users) 

•  Opera5onal oceanography products give basic 
first guess fields for high resolu5on coastal models 

•  Nes5ng allows the introduc5on of new physics  
(have resolu5on AND PROCESSES where and 
when you need them, Robinson et al., 1998) 

•  Prac5cal and incremental way to implement new 
technology in the opera5onal framework 



The European Operational 
Oceanography Service  
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 Ocean Core Information 
–  Temperature, Salinity, 

Currents, Color, Sea Level, 
Ice variables, Bio variables 

–  Hindcast, NowCast, 
Forecast 

–  Re-analyses 

  One single desk 
–  access point to the MyOcean pan-

european information 

  Open Data Policy 
–  Open access 
–  Free access 



The opera5onal forecas5ng models now 

•  Primi5ve equa5ons in spherical coordinates with full ocean 
thermodynamics 

•  Physics:  
–  Subgrid scale parametriza5ons for horizontal viscosity and diffusivity 

(fourth and sixth order laplacians) 
–  High frequency atmospheric forcing and advanced air‐sea interac5on 
–  Turbulence closure sub‐models for the ver5cal viscosity and diffusivity 
–  Bo_om boundary layer parametriza5ons 
–  Tidal poten5al included 
–  Surface wave‐current coupling 

•  Data assimila5on components: mul5variate schemes 
assimila5ng all available data in real 5me (satellite and in situ) 

•  Simplified physics forecas5ng models:  
–  shallow water models for storm surge forecas5ng 
–  Wave models for surface wave forecas5ng 



MOM1.1 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+3DVAR 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NEMO+3DVAR (sys4a) 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The errors of structured grid models 
(past ten years of data in the Mediterranean) 

 nb of SLA DATA                  nb of Temperature  DATA          

          RMSE of SLA                     RMSE of temperature at 8m          



EuroGOOS Conference, Exeter, 
2008 Athens, Member Assembly, 4‐5 March 2008 

Shelf and sub‐regional models now reach 1 ‐ 3 km resolu8on 

The Mediterranean Forecas8ng system disseminates daily forecasts to  
13 nested na8onal models every day 

Opera5onal Oceanography: the 
nes5ng deluge (all structured grids) 



Opera5onal oceanography Nes5ng with unstructured 
grids: SHYFEM 3‐D 

Coastal Model started from 
Shelf model 

Analysis of land sources  
of pollu5on and their impact 
In the sea 

Bellafiore et al., 2010 



Op.Oc. nes5ng issues with structured 
and unstructured grids 

•  Ini5aliza5on problem: ini5alizing all prognos5c 
state variables from the coarse to the high 
resolu5on grid. VIFOP developed (Varia5onal 
Ini5aliza5on and Forcing Plaeorm, Auclair et al., 
1999, 2000, 2006) but more is needed (mass‐
conserving interpola5on tools) 

•  Ver5cal Boundary Condi5on problem: higher 
resolu5on atmospheric forcing used in the nested 
model, need for consistency (?) 

•  Lateral Boundary Condi5on problem: delicate 
problem, we focused on that 



The Lateral Boundary Condi5on 
problem 

•  Mainly solved in the 70’s for limited area models 
•  Barotropic quasigeostropic equa5ons are ill‐posed (Benne_ 

and Kloeden, 1978) but for short 5me scales errors can be 
kept below a threshold (Robinson and Haidvogel, 1978) 

•  Primi5ve equa5ons for atmosphere (Oliger and Sundstrom, 
1978, Orlansky, 1976, Miyakoda and Rosa5, 1977) 

•  Primi5ve equa5ons for the oceans (Flather, 1976), Spall and 
Robinson (1989), etc. 

•  More recently a very interes5ng revisit: Marchesiello et al. 
(2001) and Blayo and Debreu (2005) 

•  Interes5ng work by Teman and Tribbia (2003) showing that 
non‐hydrosta5c open boundary condi5on is less ill‐posed 
than hydrosta5c case 



The Mediterranean nested models LBC 
strategy (Pinardi et al., 2003) 

•  For tracers, T and S, and baroclinic veloci5es, collec5vely     , 
use: 

 at ouelow points (inflow can be prescribed from coarse model) 
•  For barotropic velocity normal components,                               

use instead 3 different forms: 

•  Why  these different forms and what is the rela5onship to 
Flather (1976)? 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•  In addi5on, all models, need to consider the 
‘INTERPOLATION CONSTRAINT’, i.e. the 
conserva5on of transport across the open 
boundary aler interpola5on 

•  This amounts to have a correc5ons done each 
nes5ng 5me on the fine resolu5on velocity 
barotropic field of the type: 

The Mediterranean nested models LBC 
strategy (Pinardi et al., 2003) 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The generalized Flather LBC 
(Oddo and Pinardi, OM, 2008) 

•  Flather (1976): 

•  Where this formula comes from? Flather does 
not explain it.  Our deriva5on is: 

•  Imposing an equality between the conserva5on 
of mass in the coarse (c) and fine resolu5on (F) 
domain: 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The generalized Flather LBC, cont. 
•  From the equality before: 

•  Assuming that the free surface tendency can 
be wri_en as: 

•  We obtain the generalized Flather boundary 
condi8on: 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The generalized Flather LBC, cont. 

•  The generalized Flather boundary condi8on: 

•  Becomes the Flather (1976) only if 

•   This is also why nes8ng and nested models 
bathymetry should not be very different at the 
open boundary if Flather (1976) is used 

UN
F =

HC +ηC

HF +ηF

UN
C −

CN

HF +ηF

ηC −ηF( )

 

HC ≈ HF = H ;

ηC ,F  H ;

CN = gH
UN

F =UN
C −

g
H

ηC −ηF( )



Scale selec5ve LBC 
•  Knowing the principles, now we can consider a scale 

separa5on in the fine resolu5on field: suppose one part 
spectrally overlap with the coarse field while the other is new. 
Thus 

•  Aler some algebra two new equa5ons are formed for each 
por5on of the solu5on: 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Scale selec5ve versus non‐scale selec5ve 
generalized Flather: idealized case 

Nested model domain 

Time of integra5on  

Velocity magnitude at point S1 

Reference solu,on 

Flather (1976) 

Scale selec5ve generalized 
Flather 



Scale selec5ve versus non‐scale selec5ve 
generalized Flather: realis5c case 

Nested model: 
From 6‐7 km to 
2 km 

In situ data 
to validate 
the model 
Output with 
Different LBC 

Experi
ment 

LBC 

Exp1  Imposed 

Exp2  Radia5on 

Exp3  Scale selec5ve 



Scale selec5ve versus non‐scale selec5ve 
generalized Flather: realis5c case 

RP =
rms(Exp2) or rms(Exp3)

rms(E xp1)
Rela5ve Performance Index 

RP =
rms(Exp3)
rms(E xp1)

April data  June data  Oct data  Dec data 

RP =
rms(Exp2)
rms(E xp1)



The Coastal Rapid Environmental Assessment 
(CREA) framework  

•  CREA is the evolu5on of MREA concepts (Robinson et 
al., 2000) for the coastal area 

•  The aim is to use all informa5on to reduce 
uncertain5es in the 5‐7 days forecast of currents, 
temperature and salinity near the coastal areas 

•  CREA is composed of: 
–  Basic opera5onal oceanography analyses and forecasts  
–  A higher resolu5on nested model 
–  Observa5ons from coastal systems 
–  A blending algorithm, mul5scale op5mal interpola5on by 
Mariano and Brown (1992) 

–  Ini5aliza5on strategy 
(This is a part of Simoncelli Ph.D. Thesis, 2010) 



The CREA components 

(1)  The coastal 
Networks 
(Italian and Croa5an  
EPA network) 

(2) The nested models, 7, 2 km and 800 meters 

T (x, y, z,t) = TM (x, y, z,t) + TE (x, y, z,t) + ε

Two input data sets: coarse model data 
and local in situ data with different errors 
Mul5scale subdivision of the field 

Mul5‐input and mul5scale OI 

(3) The blending algorithm 



The Blending impact 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Fig. 8. SST fields on May 5th for the Emilia Romagna coastal area and the Gulf of Trieste.
a) Emilia Romagna IAFS SST field; b) BA observed SST; c) BA blended initial condition
SST; d) Gulf of Trieste IAFS SST; e) BA observed SST; f) BA blended SST. (SST fields
have been masked for mapping error greater than 30%)
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COARSE MODEL  IN SITU 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FIELD 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The CREA strategy 
•  Interpolate from the coarse grid to the finer resolu5on grid and 

extrapolate if needed using climatology 
•  Blend the model informa5on with the observa5ons 
•  Spin‐up the dynamics to have higher resolu5on scales in the IC 
•  Force with NWP analyses and forecasts 

CREA DAYIC DAY

(DE,D) IAFS

(BE,B) BA

(SU) IAFS BA
SPIN UP

Fig. 4. CREA initialization and forecast procedure.
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Simoncelli et al., 2010 

IC day 

BA‐ Blending IAFS‐ Interpola5on 



The improvement due to high resolu5on 
(structured), observa5ons and spin‐up 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Fig. 13. Model results after one week of simulation from the Summer CREA experiment
starting August 11th. a) Emilia Romagna; b) Gulf of Trieste; c) Rovinj.
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Fig. 13. Model results after one week of simulation from the Summer CREA experiment
starting August 11th. a) Emilia Romagna; b) Gulf of Trieste; c) Rovinj.
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Conclusions 
•  Opera5onal oceanography is providing basic analyses 
for model valida5on and development in many parts 
of the world ocean 

•  Baroclinic model nes5ng for the coastal areas working 
at all scales (open ocean too, not shown) but need 
for:  
–  Robust ini5aliza5on methods 
– Accurate or high resolu5on atmospheric forcing 
–  Lateral Boundary condi5ons: new generalized Flather 
promising 

•  Possible test bed for unstructured grid valida5on: 
CREA methods and databases. Data could be made 
available to the community for Northern Adria5c Sea 


