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Introduction

This technical report represent the Deliverable D 5.3.1 — Evaluation report of the pilot action,
as result of the Activity 5.3. Sharing model calculation capacity for flood forecasting.

The Danube River Basin is the most international river basin in the world, including
territories of 19 countries, with many important tributaries. Occurrence of severe floods in
the Danube river basin in the last two decades (2002, 2005, 2006, 2009, 2010, 2013 and
2014), highlighted the need for a more effective and better harmonized regional and cross-
border cooperation in the field of flood forecasting, especially during extreme flood events.
In general, the cooperation between hydrological services in transboundary river basins, use
one of the following two approach:

e Exchange of real time observation data (water level, discharge, etc.) and hydrological
forecasted data for representative river sections, based on data exchange
agreement;

e Implement and operate a common Flood Forecasting an Warning System, covering
the entire, or the most important part of the transboundary river basin.

Implementation of Activity 5.2 pilot action main objective was to investigate and evaluate
the possibility of using a new innovative cooperation approach, between forecasting services
of two neighbouring countries, respectively by giving external access to a downstream
neighbouring country (secondary Forecast Center) for using and running independently a
hydrological forecasting model, which is part of the forecasting system of the upstream
country (main Forecast Center).

This is in fact a combined approach, of the two standard cooperation solutions between
different Forecasts Center within a transboundary River Basin, with the advantage of
avoiding the difficulties of implementation and maintenance of a complete common Flood
Forecasting System, while keeping the possibility for the secondary Forecast Center to use

the shared hydrological forecasting modellin components.

1 General description of the pilot area

The geographic scope of the pilot action, is represented by the Danube sector between

Bogojevo and Iron Gate Reservoir, an area of great importance for both Serbia and Romania,
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taking into consideration that on this sector the Danube River receive major inflow
contribution from his tributaries, and that the Iron Gate Reservoir is jointly operated by the
two countries.

This Danube sector (Figure 1), is very important also for the flood formation on the Lower
Danube, due to the influence of superposition of flood waves on the Danube, and the flood
waves on his main tributaries on this sector (Tisza, Sava and Velika Morava).

Legend
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Rivers and cannel network

Figure 1: A schematic presentation of the selected Danube River reach

The analysis of the multiple-coincidence of flood waves on the Danube and its tributaries
provide very interesting and usefull results, demonstrating also the importance of a good
simulation of the superposition and routing processes on this Danube sector for real time
forecasting activities (Figure 2).
As example, a 100-year flood on Danube at Pancevo, may be generated by multiple-
coincidences of different combinations of floods on the other upstream representative
sections (Prohaska et al., 2012):

e 50-year Danube at Bogojevo, 10-year Tisa at Senta, and 2.2-year Sava at Sremska

Mitrovica;
e 100-year Tisa at Senta, 33-year Sava at Sremska Mitrovica, and 5-year Danube at

Bogojevo;
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Bogojevo (%)

100-year Sava at Sremska Mitrovica, 10-year Tisa at Senta, and 3-year Danube at

Bogojevo;

And, potentially many other coincidence combinations.
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Figure 2: Multiple-coincidence of different return-period floods on the Danube River at

Pancevo as a function of floods on the Danube at Bogojevo, the Tisa at Senta and the Sava at

Sremska Mitrovica (Prohaska et al., 2012)
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Also, an analysis of the Danube sectors with the main tributaries upstream Bazias section
(entrance of the Danube in Romania), demonstrate the importance of pilot area within the

entire Danube River Basin (Table 1).

Table 1: Danube sectors with important tributaries, upstream Bazias section (Prohaska et al.,

2019)
Hydrological station Hydrological station
Node | Recipient Tributary
QIN QOUT qIR
| Hoftkirchen | Achleiten Inn P-Ingling
2 Vienna Bratislava Morava Moravsky Jan
3 —dg’ Bezdan Bogojevo Drava Donji Miholjac
=
4 A Bogojevo | Slankamen Tisa Senta
5 Slankamen | Smederevo Sava Sremska Mitrovica
6 Smederevo | Veliko Gradiste | Velika Morava | Ljubicevski Most

2 Design and concept of operation

The design and concept of operation are based on the following assumptions:

e The selected modeling component that will be shared is represented by a hydraulic
routing model, for the Danube sector between Bogojevo and entrance in the Iron
Gate | reservoir (Bazias section).

e For the implementation of this specific hydraulic routing model the Hydrologic
Engineering Center's (CEIWR-HEC) River Analysis System (HEC-RAS) software will be
used.

e The model is one of the components of the operational models used by the National
Hydrologic Forecast Centre from Serbia (main Forecast Center), with complete access
to the detailed model configuration and results in different sections.

e The National Hydrologic Forecast Centre from Romania (secondary Forecast Center),

as a downstream country, will be able to access and run this model as a “black-box”
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model, for analyzing different what-if scenarios evolution from upstream Danube,
Sava, Tisa and Morava, in order to have the possibility to estimate with greater lead
time the possible evolution of the inflow to Iron Gate Reservoir.

e The model can be used by the secondary Forecast Center also for other operational
tasks / activities, like extending the lead time of the forecasts for the representative
section for the downstream sector (in this case the Bazias section).

e The secondary Forecast Center does not have access to the detailed configuration
and simulation results of the model on the territory of the upstream country, where
the main Forecast Center have the responsibility for elaboration of hydrological
forecasts and warnings.

e The access and use of the model by the secondary Forecast Center does not have any
impact on the operation, and use of the model by the main Forecast Center.

For the implementations of the pilot action, an experimental environment was configured
on the hardware infrastructure of NI[HWM National Forecast Center. All the software used

for the implemntation were open source or license free software packages.

Figure 3: Schematic representation of the main functional components and of

the concept of operation

3 Implementation of a HEC-RAS hydraulic routing model for the pilot area

Within the pilot action a specific implementation of a hydraulic routing model was done, in
order to be used for testing the new concpet for sharing a forecasting model between the
two national forecasting services.

The 1 D hydraulic routing model was implemented for the Danube sector between Bogojevo
and Iron Gate Reservoir, and include the main Danube tributaries on this sector: Tisa, Sava
and Velika Morava.

The model implementation was done using the Hydrologic Engineering Center's (CEIWR-
HEC) River Analysis System (HEC-RAS) software, which allows the user to perform one-
dimensional steady flow, one and two-dimensional unsteady flow calculations, sediment

transport/mobile bed computations, and water temperature/water quality modeling.
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The model was tested and validated using slected historical flood events, from the years:
2006, 2010, 2013 and 2014.

Figures 4 — 8 present some examples of model configuration within the pilot area, for
selected representatives areas, and Figures 9 — 10 present some selected model simulation

results, from the 2014 historical flood event.
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Figure 6: HEC-RAS geometric editor detail on Sava River sector between Sremska Mitrovica

and confluence with Danube River

{_ Geometric Data - Dunare_Sava_Tisa

File Edit Options View Tables Tools GISTools Help

| satz0hreal sarzDfreal 20frea 20Area | Pump
Com | BClines |Breaklined Mannn | Station

| Regions | (P

Storage Description :

Jools River
Real frea

20Flow
Area

storage
bres

20Flow

9743.3

. = 3 ; SN ] : [0917.9
PT0200% | 81980 X ; ] ) [0711.6)

(67023}
Reach 12-Lower]

[ —

Figure 7: HEC-RAS geometric editor detail on Velika Morava River sector and confluence with

Danube River

DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is co-funded by the European Union 9



“

Interreg H

Danube Transnational Programme

B8 RAS Mapper

File Took Help

Selected Layer: Depth

Bk ines
CIFlowPatrs
] River Siaion Markers

1§ [ Croes Sections

[ Storage Areas

0 12D Fiow irean

18 [ Strctures

) CMarsings N

18 Boundary Conditons

=

5[] Cross Sections
Storage Aress

5[] 20 Flow Areas

8 [ Souctures

] Manring's N

(5[] Boundary Conditions
OErors.

] Depth (Max)

0 Velecity (Max)

Bank Lines
IFiow Paths
] River Staton Markers

& [ Cross Sections
) Bank Siations .
] Edge Lines
[l interpolation Surface

] Storage Mvess

- (20 Flow iveas

& [ Structures

&[] Maning's N

@[] Boundry Conditins

Enors
1 Deoth (23MAY2014 0000.00)

Mossagos| Views | Profile Lines | Active Features

File Tools Help

Selected Layer. Velosity

b OO’ xR

€ RESw =] v

Figure 8: RasMapper analysis of the Hec-RAS model

hoO@

XN eI EBMAN M| e

=1 2 e -

& [ Featres
cometnes

Hew Geomelry
Dunore_Sova_Tiss.

pland
plan_boziss

Geometry
£ [ Rvers
[ dunctions
] Bork Lnes
[ Flow Paths
] Fiver Staton Markers
£)-[] Cross Sections
] Bk Stsions
[ Edge Unes
[ Interpolaton Surace
] Storage Aveas
#1120 Flow Areas
) [] Structures
8 ] Manring's N
1§} ] Boundary Conditons

[T Depth (23MAY2014 00:00:00)
2 Velocity (17MAY2014 020000 [
[CIWSE (Max)

) I MapLayors

Google Map <]

5

linie_malun
rour
sectiuni transversale

]
[m]
o
] Google Satelo
u]

Google Hybrid
) & Tomains

Terrain

10.5m contoor] [N

Messages | Views | Profile Lines | Actve Features)

Sianci
Cramum.

T

Lestane
TewToue.

Vréin

Bpun
[

e
W

Nanovo
Vibanono

Holee
Bones

B0 744
e

o)

Pudarci
Tlyaapum
tanta

Drazan
amar

il

Omoliica.
MO AU

Selected: 'velocity'

Banatski

Bpectosaly

Park prirode
“Fonjavica

Brostovik
Bpectouk

Kamendol
Kamewnaon

Uméari
Ymuapn

Seone
Ceone

Voda
Sotan

Jkove |
Kuskosay

vice
YRosHue

Smederevo
Cueaepeso

= w

17MAY2014 09:00:00

il Ga)

raj

i)
Skoranovac
Cropenosau

Ba)

Bas

-

Dubravics,
Pozarevac
Lyopannua

Kovin
Konwit

Plotica
fInoumit

Kulie
Kynnt

Salinac.
Wanuau

Lipe
Tlune

Brozane
Bpexane

Petrjevo
Nerpieec &
= Vucak

By-ax

Redinac
Pagnmal

2%

Vrgnovo 1
[Bpasovo I 0t

Ralja 07s.
Pana 058
w Skobalj . o1

Kotark Mala Kearn Crobans

Figure 9: Simulated flow velocities on the Danube sector near Smederevo

- 17 th of May 2014
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Figure 10: Simulated and observed discharge hydrographs,

on the Danube River — Bazias section, April — July 2014

It should be mentioned, that the observed discharge hydrographs values for the Bazias
section on the Danube are in fact estimated values, by hydrological computation. Standard
observed discharge derivation using a rating curve is not used for this section due to the

influence of the Iron Gate reservoir on the water flow regime.

4 Conclusions and recommendations

The pilot action was successfully and the experiences show good potential for using the
results and in general this approach in the future, after the project end, for improving the
flood forecasting capabilities in both cooperating countries.

Also, based on the pilot action experience, we recommend the extension of this approach

also for other sectors within the Danube River Basin, with the following reccomendations:
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e This specific way of sharing a hydraulic routing model (or a hydrologic routing model)
between a main and a secondary Forecast Center could be used in principle for any
Danube River sector.

e We recommend this approach with priority for the important river sectors on the
Danube or on the tributaries of the Danube, where we have a great influence during
flood events from the existing important reservoirs.

e For these specific cases, with great influence on the flow regime from a reservoir
operations, the sharing component model could be in fact just the hydrologic model
corresponding to a specific reservoir. The great advantage in such cases, will be that
the secondary Forecast Center gain the possibility to take into account the influence
of the reservoir, but whitout the need to have access to all the detailed reservoirs
characteristics data, parameters and information used for configuration of the
reservoir model.

e On a longer time scale, if such sharing solution will be accepted and adopted, we
could arrive to have a network of integrated National and/or Regional Hydrological
Forecasting Centers, sharing and using in common selected modelling components,
using a distributed hardware and software structure.

e The sharing of modeling component could be extended in principle also for rainfall-
runoff models, but in this case the implementation will be more complex and
diificult, and could provide benefits only if a common rainfall-runoff model is
adopted by the cooperating Forecast Centers. For the implementation, the
reccomended solution will be to use also in all the cooperating Forecasting Centers
the same platform for models integration, with advanced functionalities, for instance
using the Delft-FEWS platform, or other similar specific software system.

e As final recommendation, we consider that the sharing of hydraulic routing
components, potentially between all the Forecast Centers within the Danube River
Basin, could provide great benefits if they will be coupled and used in combination
with the rainfall-runoff ensemble simulations outputs from a regional system (e.g.
EFAS). This approach could also significantly reduce the needed resources and time
of implementations for further developments of the National Flood Forecasting

Systems.
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For the long-term sustainability of this project activity results, NIHWM and RHMSS partners
are preparing a technical cooperation agreement, in order to continue the common activities
for improving the configuration of the hydraulic routing model implemented within this Pilot
action, and also for preparing for the next step, respectively to implement and use these
results in the real time flood forecasting activities, in both countries. This agreement will be
finalized and signed in the next period, after reaching a common agreements on the future

cooperations activities.
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