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Open problems & the coupled modeling strategy (Weather,
HYDrology and Estuarine dynamics-WHYDE)

River discharge simulations with WHYDE in Southern Italy: a
study case —

v Verri et al. (2017) A meteo-hydrological modeling system for the
reconstruction of river runoff: the case of the Ofanto river catchment,
Natural Hazards and Earth System Science, in press

Estuarine dynamics: the Estuarine Box Model (EBM) approach

v Apprications to 2 case studies: the highly stratified estuary ( Ofanto river)
and the partially mixed delta ( Po river)

Coupling of WHYDE with the regional ocean modeling
v" The impact of the EBM on the shelf dynamics
Concluding Remarks
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The open problems

River discharge

Ocean Waters
stuary Head

stuary/River Mouth
From: Estuary water exchange from NOAA Ocean Service Education

* Forecasting Regional ocean models have O(1 km) resolution and
cannot resolve the estuarine dynamics.

* Regional ocean models usually consider directly the river discharge
instead of the real outflow at the estuary mouth.

* \Very often a zero salinity value is imposed at the river mouth of
regional ocean models generating unrealistic salinity gradients in the
coastal and shelf Regions Of Freshwater Influence.
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The effects of rivers on the deep ocean salinity
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River influence on the Overturning Circulation

Do rivers play a significant role in the Meridional Overturning
Circulation of the CENTRAL MEDITERRANEAN SEA?

Multiannual Meridional Transport Streamfunction (Sv)
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The coupled water modeling Strategy (WHYDE)
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The WHYDE study area: the Ofanto river

46°N

44°N

42°N

40°N

38°N

36°N

34°N

32°N

30°N

WRF Coarse domain

6°E

10°E 14°E 18°E 22°E

WRF Inner Domain/
WRF-Hydro Domain

T T
13°E 14°E 15°E 16°E 17°E 18°E 19°E

|

Ofanto river catchment
River network + Estuary Box Model

42N

41%0'N

41°20'N

40°40'N

T B u 0

] 400
w0
0
0

15°20'E 15°40'E 16°E 16°20'E

2N

AN

404N

T
1SWE NFHNE

T
16 1620°E

sgdiesEddazgasd

10
0%
w0
0
s
™
™
@
&
s
-
o
m
0
m
a0
1
o
]

NEMO regional
ocean model domain

& 'Esglhigmento
—_— 6 Marano Lagoon rive:
v oniss mBathymetry

Piave
3 Venice Lagoon rivers—
Brenta- g
Adige BN
PodiLevante —45°N
9 Po Delta Mouthg z

Volano— 3}
Reno”

Fonore

Cervaro-
Ofanto -Shikumbi
Basento—_,
N E
= Sinni ;
zZ Crati
. A a
239N Imera Meridionale Neto
o Belicee Alcantara
© Platani 1
3
=]
..(.“. Otranto Strait

16°E 18°E

longitude (°E)

14°E



-
WRF+HYDRO results: validation

Cafiero Station: 20km upstream the outlet
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Estuarine Box Modelling: the theory

S= S> h » gocean
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* A two-layer rectangular box with constant L, H and L, Surface and bottom
faces are flat and closed. The input forcings are river discharge, inflowing
seawater, and tidal current

« The Estuarine Box governing equations are tidally-averaged, Iaterally-
averaged, and steady-state.

* The tidally averaged estuarine box model is a good compromise to represent
unresolved estuarine processes in global/regional ocean models

C
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Estuarine Box Modeling: the 3 models
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Estuarine Box Modeling: the governing equations

1. The Knudsen’s relation (1900) Represented esw?rme Processes:
1.River freshwater inflow

=_|_ (units: m3s) 2.0cean water inflow

3.Estuarine water outflow

Sonecm ocearn (units: psu m3s) 4.Tidal pumping
L 5.Tidal mixing
2. The UCONN-NCAR EBM (Sun et aI 2017)
bm
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3. The CMCC EBM (Verri et al., submitted)
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FIRST STUDY CASE.: the Ofanto river, highly stratified

Southern Adriatic Sea

N JEBM mouth
o

* The Ofanto estuary is a “highly stratified” estuary (Fischer et al., 1979):

flow ratio = Uyige /Uriver =0.01

* EBM geometry: H=5m, L =25m, L, =1km which complies with IRSA CNR campaign

:a" 0 WRF-Hydrg modeled runoff
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Po di Maistra

SECOND STUDY CASE: the Po river, weakly stratified

Po di Tramontana

Po di Dritta
IEBM head iEBM mouth

Po di Scirocco

Po di Bonifazi
Northern Adriatic Sea

Po'di Bastimento

Po di\ToIIe

Po di Gnocca

Po di'Goro

¢ Buoy NADR-S1

* Po EBM length, L, =20km
 The Po delta is “partially mixed” (Fischer et al., 1979): flow ratio = Usige /Uriver =0.43

Olqseryedlrurlmofflat I?on'gelag,oslcurol gauge

0 | | | | | | | T65/02 1 | |
01/01 01/15 01/31 02/14 02/28 03/15 03/31 04/15 04/30 05/15 05/31 06/15 06/30

Runoff at EBM head (m”3/s)

= C



Intercomparison of EBM solutions for the Ofanto river

Discharge (m"3/s)

Salinity (psu)

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

40 —
o A S S
(D |
g
= 2
= ]
© 4,
N i

5 i ‘ AT : : ‘ | 1 1 ‘ — Knudsen EBM

. . A . . . . L . . .
° | | | | | | bz | | | —— CMCC EBM
01/01 01/15 01/31 02/14 02/28 03/15 03/31 04/15 04/30 05/15 05/31 06/15 06/30 —— UCONN-NCAR EBM
12000 — | | | | | | | _ | | —— Clim Salinity and

) . 1 1 1 1 1 1 1 1 1 1 1 Pontelagoscuro Runoff
o5 10000 —f ‘ : ‘ : ‘ ‘ : 1 : : :
< ]
& 8000 —
o !
S, o0 o
= 7
S 000 o
(©] _
D 2000 —;
(] 1. | | | | | | | o | | |

0 L L L L L L L Ll L L L

1 I T T 1

01/01 01/15 01/31 02/14 02/28 03/15 03/31 04/15 04/30 05/15 05/31 06/15 06/30

Day Q




Coupling with the ocean model: the methoad

River Release representation into a regional ocean model
(ka hOfiZ. res-): NEMO Computational
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Effects of EBMs on ROFI off the Ofanto estuary
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« “Explicit Estuary” Experiment is our benchmark as no observations off the Ofanto outlet
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Effects of EBMs on ROFI off the Po estuary
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* Pictures relate to upwelling favorable wind regime (i.e. Libeccio on 2009/05/22)
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Effects of EBMs on ROFI off the Po Delta
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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




Effects of EBMs on ROFI off the Po Delta
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CMCC EBM +NEMO 4.05 +0.25 0.61
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Summary and Conclusions

« The WHYDE approach gives realistic estimates of runoff
and river plumes on the shelf. A wider implementation of the
EBM system for ocean forecasting at global (UCONN-NCAR
EBM) and regional scales (CMCC-EBM) has started.

« Three EBMs have been intercompared for different estuaries.
CMCC EBM and UCONN-NCAR EBM give similar results for
stratified estuaries while results differ significantly for “partially
mixed” estuaries.

« Weaknesses of the present approach: the steady,
tidally averaged dynamics of the EBM.

« The next step: better EBM and high-resolution unstructured
hydrodynamic modeling from the coasts to upstream river
runoff (may be WRF-HYDRO)
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