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Modelling chains in OPERANDUM project
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OAL Finland

g e

~_____d rorcing

Climate change |:> NutSpaFHy ||

models HadGem

Compute the nitrogen
and phosphorus fluxes
from forests to the
surface waters

Forcing

VEMALA

It is a model which in operational use for calculating water
and nitrogen and phosphorus fluxes from different
landuses to surface waters at any regional scale on daily
basis. It calculates nutrient fluxes separately from different
land use types

& MPI-ESM

Forcing

:
g
i
g

i}
§

§
%
i

Comparison

&S .

Will set targets to
nutrient load reduction
in Lake Puruvesi OAL

Estimation of
nutrient and
sediment load
to lake

The input data are derived from the general circulation models
MPI-ESM (representing medium equilibrium climate sensitivity)
and HadGEM2 (representing high equilibrium climate
sensitivity).

The business-as-usual (BAU) harvesting
scenario represents nutrient export caused
by the clear-cuts, based on historical
harvesting data from the area.

BAU + NBS

I Clear-cuts on mineral soil: 166 ha
I Clear-cuts on peat soil: 10 ha

. I CCF sites: 76 ha

¥ €

Business-as-usual (BAU) clear-cuts
Il Clear-cuts on mineral soil: 166 ha
I Clear-cuts on peat soil: 37 ha

.y
’
-

*g

EU funded project

GA no. 776848




OAL Greece

Forcing/ WRF-Hydro to facilitate an improved

Boundary s Forcing . - .
WRE-Hydro |:> representation of terrestrial hydrologic
W CURO-CORDEX 4 processes related to the spatial
Ithas been used toprovide  mmie, 1t is able to smuate the " A physically based distributed redistribution of surface, subsurface, and
streamflow data to the airtemp., dynamical indersction model that is able to simulate 3
hydraulic model (TUFLOW)  surface pressure B 00 B L ephere all  hydrological domains channel waters across the land surface
and also for the incoming. sl e ik within the land phase of the
operationalization of NBS. m iR e s hydrological cycle in a river
wind speed drainage basin. basin, including groundwater.

ForifG TUFLOW for the flood levels and the flood
Streamfiow igﬁfg mapping outputs. It consists of a suite of
advanced numerical engines and supporting

20% and 10%

tools for simulating free-surface water flow
AEP Events f b ] fl dolai
TUFLOW :> & Impact to or urban waterways, rivers, floodplains,
Groundwater estuaries, and coastlines.

It is a suite of advanced numerical engines
and supporting tools for simulating free-
surface water flow for urban waterways,

resources

oy b st e The final aim is to provide information on the
impact that the NBS has on the flood levels
Modeling strategy for OAL-GR. AEP indicates the Annual and the flood mapping outputs.

Exceedance Probability
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OAL Ireland

Downscaling)

Couplin
The output of this model N T piing

will be used as input to perform the analysis of
different hydrological floods in the river basin
models in order to test the

impacts of climate change.

Assessment

orcing

Reduction if runoff in the Dodder river Effectiveness

at Ringsend (OAL-IE) due to grassland
NBS is assessed based on SWAT of gra SS|a. nd
modelling. The assessment is performed asNBSin

using future climate scenarios (RCP4.5
and RCP8.5) corresponding to several
RCM models.

flood control

Modeling strategy for OAL-IE, including regional climate models
(RCM) and the Soil-Water Assessment Tool model (SWAT)

Grassland NBS

Portion of landcover data in the
SWAT input is converted to
natural grassland as Nature
Based Solution (NBS) from
concrete car park area.

The Soil Water Assessment
Tool (SWAT) model has been
used to simulate streamflow
at River Dodder for
understanding fluvial flooding
and pluvial flooding in terms
of rainfall.

The advantage of the SWAT
model is that it accounts for
the fluvial as well as

the pluvial flooding in the
area. It is a physically based,
semi-distributed rainfall-runoff
model.
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OAL ltaly - coastal erosion

Phase 1

* Design and implementation of NBS1

* Numerical models implementation
with and without NBS4

Phase 3

Assessment of the fitness
for purpose of the NBS1
and NBS4 in the present

and future climate
conditions

Phase 2

Simulations and analysis in the
present and 2040-2049
periods of storm surge and
coastal erosion conditions

The three step process to assess the two NBSs (NBS1 =
dune, NBS4 = seagrass) in the OAL-Italy coastal area

Coupling
“

I
CMEMS+ECMWEF; :
I
SHYFEM will be run for present day e T :
I
I
I
I
I
I

RCP4.5and RCP8.5
COSMO-Med-MFS

I

I

I

:and cimatechameatmos?heric 1ol that shuulstes the
forcing conditions with and without height, f acy and
: benthic vegetation (sea grass) spectrum

" inclusion in order to understand
| impacts of such NBL on storm surge,
L sediment transport and costal erosion

NAUSICAA
buoy

1
1

Sbeach Xbeach 1
1

OpenFOAM

)

I

I

|

:Sbadi is used tolt simulates the water Xbeach simulates the impact |
I

I

I

|

solutions
assessment

preliminary evaluate the columm and the currents of cument and future sea !
crosshore seabed evolution and waves strengths acting state conditions on the !
andsand dune efficiency. on the dume. Structural coast where will be !

calculation/verification in the  implemented the artificial

The sea-level model is based on the hydrostatic primitive equations for the ocean and accounts for thermodynamic and
hydrodynamic processes. The horizontal and vertical scales are in the order of hundreds of meters and tens of meters,
respectively. In particular, the SHYFEM unstructured grid hydrodynamical model is used here to evaluate the fitness for
purpose of submerged aquatic vegetation on the sea level extremes, under present and future climate conditions.
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OAL Italy - rivers

River Flooding

| Emission forcing IPCC RCP
TUW Rainfall and temperature 8.5 and RCP4.5

hourly spatial fields over the

PANARO

RIVER
Hydrological
and hydarulic It simulates continuous hourly time-series of streamflow

modelling generated over the Panaro catchment at the closure section
(corresponding to the flood retention basin location)

HEC-RAS
Flow propagation model

ation of climate future
It reproduces the propagation of the flood hydrographs ; i
BIAS correction

Rainfall-Runoff Model Panaro catchment*

PO di Goro RIVER

Salt wedge intrusion

Global Climate Earth System CMCC-CM

*Rainfall/temperature

fields may be obtained
: ; : @ downscaling

either from spatial
interpolation of

historical gage Reglonal Earth System CMCC-RCM
measurements or from Regional Atm Model COSMO-CLM (MEDCORDEX)
downscaling/disaggreg
tldal model
Ocean forcing

Hydraulic forcing
(flood water
levels, and mean
cross velocity) at

. scenarios
from the closure section of the catchment up to the
section considered for the Open Air Laboratory.

the OALriver - Hydrological Model Scenarios of
section CMCC EBM
TOPKAPI :> } LHICC ERh | salt wedge
OpenFOAM River forcing . intrusion
CMCC EBM solves the Estuarine dynamics length and

and water exchange in the Po di Goro related salinity

It reproduces the propagation of the flooding eventin the branch. Scemarios of the salt wedge
area where the NBS is implemented in the Open Air intrusion will allow to get the NBS planned
Laboratory. for this OAL with site specific sea grass

The core of the system is a 2-layer 1D Estuary Box Model,
the so-called CMCC EBM. It aims to represent

the net river release at the estuary mouth in terms of
volume flux and salt flux and estimate the length of the
salt-wedge intrusion.

Deep rooting perennial herbaceous species, whose aerial parts are expected
to reduce the mechanical impact of raindrops, while belowground parts
(deep thin roots) are demanded to mechanically reinforce the embankment-
forming materials, facilitate drainage in the topmost layers of the earth
embankment, and promote the plant water uptake.

EU funded project
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OAL ltaly - salt intrusion

Set up a novel Estuary Box Model to provide scenarios of estuarine water exchange and salt wedge intrusion

River Water
With Zero Salinity

Estuarine Water
with Salinity>0

Ocean Waters

with Salinity>0 Estuary/River Mouth

Credits: NOAA Ocean Service Education

Method: River
v" 1D Box modeling of

the estuarine water exchange with

2-layer flow at the estuary mouth

v Extension of the Box is based on
the length of the salt wedge
intrusion Ly

v" Coupling with an hydrological

model/obs at the estuary head and

an ocean model/obs at the estuary

mouth

River runoff
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OAL ltaly - salt intrusion

River Water 1. Reliable representation of salinity at river mouths
With Zero Salinity 30 —
25
5. 3
Estuarine Water @ 20 -
with Salinity>0 =153
£ 7
g 10
Ocean Waters 5_; ! , , o
with Salinity>0 Estuary/River Mouth O = Jan Feb. Mar Apr Mey Jun  Ju_ Auwg. Sep. Oct  Nov. Deo_
Credits: NOAA Ocean Service Education ——Observations Manufatto

— CMCGC EBM v2 (NRMSE =15%, CORR =85%, BIAS = 0.42 psu)

2. Reliable representation of length of salt wedge intrusion

T~

Po di Goro Estuary length on 2009

®
Modelling "¢y v @ v F ¢ e
b 2 o~ ;\'(‘?
- Day ® Observed Lx
y C M c c Prescribed Lx ——CMCC EBM
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OAL Italy - seagrass

— :
o (b) numerical grid [T s d . s
& —— seagrass belt 4“7 4 is.:. ‘::'i
45°N |- ":‘;.,': K:\:}
o@ 44.6°N ;i,, ‘::f
S i
ADRIATIC SEA ‘c’ : .::.._
°$ RAVENNA : ‘ 445N L2 Ve
' EMILIA-ROMAGNA g 44 .5°N i i :
€ CESENATICO S - 12.25°E 12.35°E 12.25°E 12,35°E  12.25° 12.35°€ 12.25°F 12.35°
< RIMINI .
¥ Seagrass landscape designs (a) LS1:
) continuous mask, (b) LS2: lower density
o
f 44°N cluster, (c) LS3: continuous stripes with
e 1ot e clusters, and (d) LS4: broken strips with
11° 11°30' 12° 12°30' 13° 13°30' E
Sdence of the Total Environment 847 (2022) 157603 C I u Ste rs ]

Contents lists available at ScienceDirect

Science of the Total Environment

Modelling of the wave, sea level and current attenuation due to
seagrass NBSs. (i) are indigenous seagrass meadows able to reduce
A Digital Twin modelling framework for the assessment of seagrass Nature i the energy Of Storm su rgeS, and |f SO hOW? (”) What dare the beSt
Based Solutions against storm surges . . .

seagrass types and their landscaping for optimal wave and current
attenuation?

journal homepage: www.elsevier.com/locate/scitotenv

Umesh Pranavam Ayyappan Pillai **, Nadia Pinardi ?, Jacopo Alessandri *°, Ivan Federico ©, Salvatore Causio
Silvia Unguendoli h, Andrea Valentini ", Joanna Staneva ¢
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OAL ltaly - seagrass
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The amount of significant reduction in wave height depends on the seagrass landscaping.
A combination of broken strips and clusters of vegetation has been shown to be effective in reducing wave

energy on the coast compared to other landscape designs.
Seagrass is shown for our model configuration not to have a direct impact on sea level, but significantly reduce

current amplitudes.
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OAL Italy - river flooding

From a Lidar relief of the Emilia-Romagna a 3D model
of the river is obtained using QGis

Coordinate of the NBS: 44.74605587894496,
11.053309770431378

The relief is refered to the stretch of
river from Bomporto to Camposanto.
(Map physical-political 1:250.000-
services WMS Geoportal region
Emilia-Romagna.)

EU funded project
GA no. 776848




OAL Italy - river flooding

For the realization of the geometry several profiles of
the river's bed

EU funded project
GA no. 776848




OAL Italy - river flooding

Continuity equation:

Momentum equation:
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OAL Italy - river flooding

Boundary conditions

FLOW HYDROGRAPH
AT BOMPORTO LONGITUDINAL WATER

PROFILE - NSE =0.993

500
9 —— Simulated
=7 = Thalweg
| — Obsenved (digitized)
.

-
S
7
2
M -

400 »
el
=7
=
-

w =7
o iy 2
D=
E 2
) .
© - o0 B g
z — sin§ =7
B 300+ 2 03
(1N T B =
s
e -
13
2 —
1mn
0 c
e &
a — o s
! g
Model erformance 11 g :
5 — £ o £ 3
2004 5 z Té 2 4
| a E £ §
_ £ & 5 =
— E 8 z
— ° — E Ug
] 3 2
T T T T T T T T T T T T T T T T T T T T T T T
° 8 g8 § 8 8 8§ 8 8§ &g 8 8 8 g g8 8 & 8 8 8 8 8 g &g
Dec 25 00:00 Dec25 12:00 Dec 26 00:00 Dec 26 12:00 = R B8 & B B 3 § 5 & 8 g5 g § S B & 8 5 82 & g
Time (30 mins) Progressive [m]

EU funded project

GA no. 776848




OAL Italy - river flooding

FLOW WAVE
HYDROGRAPHS: o

» 50-year flood
» 100-year flood
» 200-year flood

7501

5001

Flow rate (I"I'IBJ"S)

River Barrage_downstream 2507

0 100 000 200 000 300 000
Time (s)
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OAL Italy - river flooding

Modelling -
of NbS \.:

G EU funded project
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OAL Italy - river flooding
Velocity field withoutnss): Mode"ing results

Velocity (m/s)

X2 0022153 0,35438 0,68661 1,0188 1,3511 1,6833
[ | D N | _
v Velocity (m/s)
X2 0,013581 0,36073 0,70788 1,0550 1,4022 1,7493
L | D

. Velocity (m/s)
X2 00064591 0,35519 0,70393 1,0527 1,4014 1,7501

L D R s Velocity (m/s)

g(lj-z 0,0021547 0,347189 0,69223 1,0373 1,3823 17273
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OAL Italy - river flooding

Wall shear stress (without NBS):

Wall Shear Stress: Magnitude (Pa)
vy 0,00043284 1,5557 33,1110 4,>6663 6,2216 7, 7769

<7 o - mm

Wall Shear Stress: Magnitude (Pa)
0,00043284 I E557. 31110 4,6663 6,2216 7,7769

R TR - e

Wall Shear Stress: Magnitude (Pa)
O,0011258 1,5563 3,1114 46666 6,218 A

Y, NS __I'm
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OAL ltaly

Velocity streamlines (without NbS):

Velocity: Magnitude (m/s)
0,0000 0,35006 0,70011 1,0502 1,4002

WX

2z
Velocity: Magnitude (m/s)
. 00,0000 0,35006 0,70011 1,0502 1,4002 1,7503
X, [
Velocity: Magnitude (m/s)
. 0,0000 0,35006 0,70011 1,0502 1,4002 1,7503
xlz I
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OAL Italy - river flooding

Pressure field (without NbS):

Absolute Pressure (Pa)
1,0070e+05 1,0100e+05 1,012%9e+05 1,015%9e+05 1,0188e+05 1,0218e+05

Absolute Pressure (Pa)
x 1,0070e+05 1,0100e+05 1,0129e+05 1,0159e+05 1,0188e+05 1,0218e+05

Y2 L I - '}

EU fuinded project

GA no. 776848



OAL Italy - river flooding

Velocity field (with NBS):

v Velocity (m/s)
x_/z 0018111 0,33240 0,64670 0,860899 1,2753
[ D R |
Y Velocity (m/s)
X2 0,068663 0,37220 0,67573 0,97926 1,2828 1,5863
2 - Velocity (m/s)
v Velocity (m/s) X1 0,0047314 0,33629 0,66784 0,99940 1,3310 1,6625
X2 0,021926 0,33682 065171 0,96661 1,2815 1,5964 . |
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OAL Italy - river flooding

Wall shear stress (with NBS):

i Wall Shear Stress: Magnitude (Pa)
X2 89145e-05 0,69271 1,3853 2,0780 2,7706 3,4632

Wall Shear Stress: Magnitude (Pa)
Lz 8,9145e-05 0,69271 1,3853 2,0780 2,7706 3,4632

Wall Shear Stress: Magnitude (Fa)
ﬁi 0,00071767 0,61439 1,2281 1,8417 2,4554 3,0691
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OAL Italy - river flooding

Velocity streamlines (with NbS):

Velocity: Magnitude (m/s)
0,022433 0,35230 0,68218 1,0120 1,3419 1,6718

L T ———

Velocity: Magnitude (m/s)
0,022433 0,35230 068218 1,0120 1,3419 1,6718

X2 ==

Velocity: Magnitude (m/s)
0,022433 0,35230 0,68218 1,0120 1,3419 1,6718

Iz L
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OAL Italy - river flooding

Pressure field (with NBS):

Absolute Pressure (Pa)
1,0064e+05 1,0082e+05 1,0120e+05 1,014%9e+05 1,0177e+05 1,0205e+05

Xl e
Absolute Pressure (Pa)

. 1,0064e+05 1,0092e+05 1,0120e+05 1,0149e+05 1,0177e+05 1,0205e+05

. I e
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OAL Italy - river flooding

Comparison of shear stress:

Without NbS
Wall Shear Stress: Magnitude (Pa)
o 0,00112586 1,5563 3, 1114 4 6666 65,2218 77769
i D - 'l
With NbS
Wall Shear Stress: Magnitude (Pa)
"E”_; Co0116e22 O,66103 1,32089 1,9808 26407 3, 3005
L - fm
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OAL Italy - river flooding

smooth

Bed roughness= 15 cm
NBS roughness=15 cm

bed roughness=15cm
NBS roughness=0.025cm

bed roughness=15cm,
NBS roughness=0.0cm

bed roughness=15cm
NBS roughness=2cm

bed roughness=2cm
NBS roughness=2cm

Pressure drop

inlet-outlet [Pa]

2.665953X10?

3.884601X10?

3.677017X10?

3.643368X10?

3.885934X10?

3.885766X10?

Pressure drop
NBS

[Pa]

1.485383X10?

2.471745X10°

1.700991X10°

1.630215X10°

2.470729X10°

2.471944X10?

Average
pressure
river

[Pa]
1.014626X10°

1.015562X107

1.015381X10°

1.015357X107

1.015563X10°

1.015563X10°

Average
pressure
NBS

[Pa]
1.012370X10°

1.013068X10°

1.012920X10°

1.012918X10°

1.013068X10°

1.013069X10°

Average
W.S.S.
river

[Pa]
0.8773391

1.629926

1.629046

1.628962

1.629857

1.629743

Average
W.S.S.
NBS

[Pa]
1.305984

2.460496

1.465995

1.338739

2.460398

2.460497

EU funded project

GA no. 776848



OAL Italy - a picture for the future

A digital
twin of the
Po valley

Tributary r nnels banks
1424 km

Delta: 154 km
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https://twitter.com/OPERANDUM_EU
https://www.operandum-project.eu/
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