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The open problems
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From: Estuary water exchange from NOAA Ocean Service Education

• Regional ocean models have O(1km) resolution and cannot resolve
the estuarine dynamics
• Regional ocean models usually consider directly the climatological
discharge instead of the real outflow at the estuary mouth. Very
often a zero salinity value is imposed at the river mouths.
Doing this, unrealistic velocity and salinity gradients in the coastal
and shelf Regions Of Freshwater Influence

Do we need a fine representation of river release into
regional ocean models?
We experience rivers influence the Central Med Overturning Circulation
Multiannual Meridional Transport Streamfunction (Sv)
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Estuarine Box Modeling: the theory

• A two-layer rectangular box with constant Ly, H and Lx. Surface and bottom
faces are flat and closed. Input forcings: (i) river discharge, (ii) inflowing
seawater through the bottom, (iii) barotropic tidal inflow
• The Estuarine Box governing equations are laterally and along-channel
averaged and steady-state over the tidal cycle (i.e. the lunar day)
• The steady-state estuarine dynamics is a good compromise to represent
unresolved estuarine processes in global/regional ocean models

Estuarine Box Modeling: the 3 models
A) Knudsen’s relation
(Knudsen, 1900)

•

B) UCONN-NCAR EBM
(Sun et al., 2017)
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Estuarine Box Modeling: the governing equations
1. The Knudsen’s relation (1900)
(units: m3s-1)
(units: psu m3s-1)

Represented estuarine processes:
1.River freshwater inflow
2.Ocean water inflow
3.Estuarine water outflow
4.Tidal pumping
5.Tidal mixing
6. Shear mixing at layer interface

2. The UCONN-NCAR EBM (Sun et al., 2017)
(units: m3 s-1)
(units: kg s-1)
(units: J s-1)

3. The CMCC EBM (Verri et al., submitted)
(units: m3s-1)

(units: psu m3s-1)

The STUDY CASEs: Ofanto and Po rivers
The Ofanto funnel-shape estuary

• Mean annual discharge: 12 m3s-1
• Estuary Box:
H=5m, Ly=25m, LX =1km (IRSA CNR campaign)
• Flow ratio=0.01 : “highly stratified” estuary
WRF-Hydro modeled runoff
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The Po delta-shape estuary

• Mean annual discharge: 1500 m3s-1
• Estuary Box:
H=5m, Ly=20km, LX =20km (ArpaE campaign)
• Flow ratio=0.43: “partially mixed” estuary
Observed runoff at Pontelagoscuro gauge
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Intercomparison of EBM solutions for the Ofanto river
The Ofanto river case

Outflowing Salinity and Volume flux:
CMCC and UCONN-NCAR EBMs give similar values
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Intercomparison of EBM solutions for the Po river
Outflowing Salinity and Volume flux :
CMCC and UCONN-NCAR EBMs give different values
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Coupling with the ocean model: the method
River Release representation into the regional
ocean model (Nemo code)

Surface point sources of runoff R and salinity S
• runoff, R, specified in the vertical
velocity and salt flux boundary
conditions
• salinity, S, at river outlets specified in the
salt flux boundary condition

• “natural Boundary condition” approach (Huang, 1993;
Kourafalou, 1996) + ad-hoc salt values at river mouths
(Simoncelli ,2011)

Computational Domain of
THE REGIONAL OCEAN MODEL

Effects of EBMs on the ROFI off the Ofanto estuary

• Pictures relate to upwelling favorable wind regime (i.e. Scirocco on 2011/03/03)

• “Explicit Estuary” Experiment
is our benchmark as no
observations off the Ofanto
outlet
R by WRF-Hydro model and S=0 psu

Effects of EBMs on the ROFI off the Po delta

Po di Goro mouth

• Pictures relate to upwelling favorable wind regime (i.e. Libeccio on 2009/05/22)

Effects of EBMs on the ROFI off the Po Delta

• ArpaE buoy is 7 km offshore the mouth of Po di Goro and 1m depth

RMSE

BIAS

CORR

CMCC EBM +NEMO

4.45

0.05

0.69

UCONN EBM +NEMO

5.48

-2.06

0.67

CLIM +NEMO

6.67

5.43

0.69

Statistics on Salinity

Effects of EBMs on the ROFI off the Po Delta

• ISMAR CNR buoy is 5 km offshore the mouth of Po di Goro
and 1.7m depth
RMSE

BIAS

CORR

CMCC EBM +NEMO

4.05

+0.25

0.61

UCONN EBM +NEMO

4.66

+0.61

0.49

CLIM +NEMO

5.06

+3.53

0.55

Statistics on Salinity

Summary and Conclusions
• A wider implementation of the EBM system for ocean
forecasting at global (UCONN-NCAR EBM) and regional
scales (CMCC-EBM) has started.
• The EBM approaches we tested give realistic estimates
of river release and buoyancy plume on the shelf
• CMCC EBM and UCONN-NCAR EBM give similar results for
stratified estuaries while results differ significantly for mixed
estuaries
• Weakness of the present approach: the steady state, tidally
averaged dynamics of the EBMs
The next step: better CMCC EBM (along-channel 1-dimensional,
non-steady state dynamics, heat budget, …) and high-resolution
unstructured hydrodynamic modeling for river-coastal sea
continuum
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The WHYDE experimental design

0-dimensional 2-layer
Estuary Box

Mesoscale resolving ocean model
based on NEMO

Do we need a fine representation of river release into
regional ocean models?
We experience rivers influence the Central Med Overturning Circulation

Multiannual SAd dense water and water types:
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Intercomparison of EBM solutions
Why do CMCC and UCONN-NCAR EBMs give different values?

Order of magnitude of the entering volume fluxes

•

Mixing onset
CMCC EBM
UCONN-NCAR EBM

• Estuary vertical mixing is higher in the CMCC EBM

CMCC EBM shows stronger salty water
intrusion

