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Foreword

The Danube and its tributaries have been crossing mountains and plains in their almost
unchanged riverbeds for thousands of years, disregarding national and administrative
boundaries. Nevertheless, even decades ago, several countries made only limited data
and information available on the water level and flood protection status of their rivers. In
recent years, information has changed hands on the basis of bilateral agreements, but
for others, information could only be obtained by browsing the Internet, sometimes in a
rather complicated way.

This situation is significantly changed by the DAREFFORT project, in which all authorized
meteorological and hydrological data of the Danube River are stored in a central data-
base and made available online to all licensed hydrological / flood protection institutions
for further processing in virtually real time. The project also looks at what these further
processing is like. It assesses the following:

- the path and frequency of information flow,
- the characteristics of flood forecasting systems in operation and under development,
- proposed directions for improvements.

It is to be appreciated that several ministries, meteorological and hydrological institu-
tions from the 12 countries of the Danube have joined forces to work out their proposals
that are essential for the future.

For my part, | can only congratulate you on all this.

LAJOS ILLES
Managing Director
VIZITERV Environ Ltd.

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States
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The Danube, which is past, present and future
entwines its waves in tender friendly clasps.

Out of the blood our fathers shed in battles

flows peace, through our remembrance and regard,
creating order in our common matters,

this is our task, we know it will be hard'

A Dundnak, mely mult, jelen s jovendd,
egymadst 6lelik Iagy hullamai.

A harcot, amelyet Sseink vivtak,
békéveé oldja az emlékezés

s rendezni végre kézés dolgainkat,

ez a mi munkdnk; és nem is kevés.

Jozsef Attila: A Dundanadl

1. INTRODUCTION

i Zoltan Balint

Representative of the Lead Partner

The battle which our ancestors fought is to be transformed into a battle for our coommon
future, creating order in our commmon matters. In this process the Danube serves the well-
being of every citizen in the basin, in which science, research and sustainable develop-
ment, flood management and shipping are done together in the hope of a bright future.
We hope this report and the entire DAREFFORT project will serve the same purpose.

Flood forecasting, data collection and harmonized data sharing is becoming of crucial
importance along the countries of the Danube River Basin. Precipitation, water stage,
discharge, water temperature and ice phenomena are measured isolated in each coun-
try. They are only shared with neighbouring countries under bilateral (sometimes limited
multilateral) agreements. Respecting these already existing agreements, this situation is
to be surpassed after the completion of the DAREFFORT project.

Researchers make great effort, sometimes parallel with each other in the same topic,
to develop new flood forecasting models or methodologies. Joining forces, thinking to-
gether, using human and other resources while strengthening each other, would lead to
results more efficiently. We hope this will also be a result of the project.

"1 Translated by Peter Zolimon

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States
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Realizing all these chances and all the benefits, 12 countries joined forces in 2018 to coop-
erate in flood related data collection and data processing, as well as working out a joint
road map for common flood forecasting or at least for exchanging forecasting results.
The 12 countries are:

B Germany, m— AUSLria, h the Czech Republic, SlovakKia, e Hungary,

_Slovenia, E Croatia, _— Ukraine, I I Romania, EiI Serbia, |l Bulgaria,
I*I Moldova.

In addition to these countries relevant international organizations also assisted the work.
These are:

- International Commission for the Protection of the Danube River (ICPDR)

- The World Meteorological Organization (WMO)

- Joint Research Centre of the European Union (JRC)

- International Sava River Basin Commission (ISRBC)

Besides the direct project partners (mostly the hydrometeorological institutions of the
various countries), certain ministries or hydrometeorological agencies also participated
in the work as Associated Strategic Partners.

The task was divided into 5 Work Packages as below:
1. Management issues - Work package 1

2. Commmunication - Work package 2

3. Evaluation of forecasting - Work package 3

4. Harmonized data exchange - Work package 4

5. Knowledge transfer — Work package 5

This summary report follows the above structure, however it combines Work Packages 1
and 2 into one chapter with the title DAREFFORT Partnership. All the outputs of the pro-

ject are publicly available on our official website:

http/www.interreg-danube.eu/approved-projects/dareffort

We would like to express our appreciation to the management of VIZITERV Environ Ltd,
the Lead Partner of the project, for the generous support given in all aspects of the imple-
mentation of the work. And we wold like to say thank you for the support in the financial
and IT aspects to the staff of VIZITERV Environ.

All Project Partners have manifested diligent, devoted work in order to reach the present
results of the project. We hope the continuation will start soon and it will be equally suc-
cessful.

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States
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2. THE DAREFFORT PARTNERSHIP

SNt 11diké Czeglédi', Péter Juhasz', Timea Jenei-Pravda?

'IZITERV Environ Ltd., Hungary
2General Directorate os Water Management, Hungary

The 3-year implementation of the DAREFFORT project started in June 2018. Having on
board 11 project partners (PPs) and 7 national and 5 international organizations as associ-
ated partners (ASPs), the DAREFFORT Partnership represents 12 countries and its activity
covered the entire Danube River Basin. The project brought together partners from the
hydrology, hydrometeorology, water management, research and environmental sectors
to achieve the goal of establishing a standardized international hydrometeorological
data exchange platform that can improve the quality and efficiency of flood forecasting

services in the Danube region.

Diversity of the partnership played a key
role in the success of the project. Tak-
en into account the geographic scope
of the project as well as its sectorial cov-
erage and level of stakeholders, a diverse
composition could ensure durability and
applicability of the project results. In line
with the project's main focus on hydrolog-
ic data exchange and forecasting issues,
several participating institutes are respon-
sible for hydrometeorological observation,
data providing and forecasting on nation-
al level, while others are legal entities of
water management, planning, regulation
and river maintenance and monitoring in
order to secure preventive flood defense.
In addition, the involvement of SMEs add-
ed international know-how on data anal-

yses, software development, economic
calculations and communication. Partici-
pation of a renowned university also sup-
ported the knowledge transfer towards
RDI sector and higher education. The
policy background of the partnership is
secured through the ASP role of four min-
istries supporting the application of the
project outputs at the decision making
level. Transferability of all project results
is ensured on Danube basin level by the
involvement of ICPDR and the Sava Riv-
er Basin Commission, while Europe-wide
and global utilization, dissemination and
harmonisation is achieved by the involve-
ment of the Joint Research Centre of the
EU Commission (JRC) and the World Me-
teorological Organization (WMO).

The project organisation structure reflected this diverse nature of the partnership and
the special scope of the project. The partnership was coordinated by the Lead Partner
(LP) who also served as the direct contact between the project and the Joint Secretariat
(IS) of the Danube Transnational Programme (DTP). The LP dedicated a Project Manager,
a Financial Manager, a Project Coordinator and a Project Assistant from its staff members
to the Project Management Team (PMT). In order to ensure high quality outputs, a Qual-
ity Management Team was also set up according to the DTP requirements, consisting of
a Quality Manager and two senior experts as Peer-Reviewers.

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States
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Facilitator Danube Transnational Programme

Lead Partner VIZITERV ENVIRON Ltd

National Hydromet.
Organisation

Intern'atu?nal ICPDR JRC LEVE] RB
Organisations Commission
Associated Strategic
Partners
National Hydromet.
Organisations Institutes

The Project Steering Committee (SCOM) included a representative of each PP, the Pro-
ject Management Team, the Quality Manager and the leader of the Strategic Advisory
Board (SAB), formed by the ASPs. While the SCOM served as the main supervisor and
decision making body which follows the progress, the SAB has supported the SCOM in
strategic and horizontal decision-making, addressing technical or other questions. Be-
sides the day-to-day communications, the SCOM meetings were held in each period of
the project, and the SAB meetings were organized annually, integrated into the periodic
project meetings.

Project Partners

University Private companies

The PMT communicated regularly with the partners and responded to technical and oth-
er project management related queries in a timely fashion. To keep track of the ongoing
tasks and financial spendings, Quarterly Internal Reports were required from each part-
ners in the middle of each period.

The PMT provided a project management toolbox with all necessary information, pro-
tocols and templates to support the efficiency of project implementation. The mutual
work was also supported by a dedicated FTP server hosted by LP with all the files and
documents needed.

The Work Package Leaders (WPLs) were responsible for the tasks in their work pack-
age and for delivering the expected outputs. Furthermore, they supported the commu-
nication flow among involved partners as well as towards external stakeholders. One of
the most challenging tasks were the organization of dissemination events and expert

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States
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DAREFFORT
Project Organization Chart SCOM

(PPs + SAB leader +
QM + PMT)

SAB
(ASPs + LP)

Project Management ‘

Hrojaes Team (PMT)

Manager
(LP) ‘

PRG

(2 independent + . . . . |
. eq:nr; Project Coordinator I Project Assistant ‘

(LP) ()

WP1 WPL3 WP4 WP5
leader leader | leader W leader \

PPs |
ASPs |
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Data Providers Country

National Institute of Hydrology and Water Management Romania
Republic Hydrometeorological Service of Serbia Serbia
Slovak Hydrometeorological Institute Slovakia
Slovenian Environment Agency Slovenia
Ukrainian Hydrometeorological Center Ukraine
Hungarian Meteorological Service Hungary

The 2020-21 Covid-19 pandemic situation
had two major effects on our activities.
Firstly, it has become impossible to organ-
ize face-to-face meetings, therefore the
4th, 5th and the final 6th project meet-
ing was held online. Second, it required
a lot more effort than originally planned
to keep up all the tasks going amidst the

crises and lockdowns. All of our partners
were effected to some extent, but still,
DAREFFORT project was able to deliver
the expected the number of capitalisa-
tion and dissemination events, because in
2019 and early 2020 the project partners
participated in more external events than
it was proportionally expected.

workshops in all nine partner countries with project information leaflets translated and
printed in partners’ national languages for these domestic events. All the events were
organized with great success. However, many of the PPs and ASPs are data providers
themselves, we have outreached to all the relevant organisations in order to involve the
data provider from each participating countries:

Data Providers Country

Bavarian Environment Agency Germany
German Weather Service Germany
Federal Ministry of Agriculture, Regions and Tourism Austria
National Institute of Meteorology and Hydrology of Bulgaria Bulgaria
General Directorate of Water Management Hungary
Croatian Meteorological and Hydrological Service Croatia

Czech Hydrometerological Institute Czech Republic
State Hydrometeorological Service of the Republic of Moldova Moldova

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States

List of DAREFFORT meetings:

Kick-off meeting: 13-14. September 2018.- Budapest

Ist Periodic Meeting with Capitalisation event and DAFF event: 4-5. February 2019. —
Vienna

2nd Periodic Meeting: 28-29. May 2019. - Bucharest

3rd Periodic Meeting: 19-20. November 2019. - Bratislava

4th Periodic Meeting: 26-27. May 2020. — Online due to COVID-19 pandemic

5th Periodic Meeting: 05-06. November 2020. — Online due to COVID-19 pandemic

6th Periodic Meeting, Final conference and DAFF event: 29-30. April 2021. — Online be-
cause of COVID-19 pandemic Periodic Meeting: 26-27. May 2020. — Online due to COV-
ID-19 pandemic

The work of the PMT was supported by a Communication Manager provided by the Gen-
eral Directorate of Water Management — Hungary.

The DAREFFORT project initially consisted of a series of challenges in terms of commu-
nication: multilingual scene of participants with various aspects of interest and levels of
delegation.

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States
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The project partners needed to establish local support and understanding of the com-
mon vision and mutual advantages. That is why the outputs of DAREFFORT were not
limited to the preparation of a hydrological and meteorological forecast system, but also
include the examination of the forecast methodology of each and every participating
countries, and also e-learning modules for spreading knowledge and for supporting the
usability of the systems in the future. A significant part of the efforts, almost 40 percent of
the communication budget allocated in DAREFFORT, was at the project teams’ disposal
to spend it on organising events, production of promotional materials and creating other
opportunities to distribute information and transfer knowledge, not only between pro-
ject partners, but more importantly to audience outside the project.

During the DAREFFORT project, our activities covered “internal communication” (among
project partners and associated strategic partners) and “external communication” (from
project partners to the outside of the project).

On one hand, for the project participants and —
professional stakeholders, our main task in
communication was to keep them informed
on the state of the project. Effective coopera-
tion required us to maintain a collection of all
required documentation and materials. We
built an up-to-date database of the partners’
contacts. We recruited subscribers for our
newsletters, launched Facebook and LinkedIn
profiles and updated the website regularly.
DAREFFORT posters appeared at the offices
of all project partners, this way we raised good
spirit, and supported project members dedica-
tion and commitment to the program.

For the general public our main goal was to
raise awareness of the importance of flood-pre-
vention and the necessity of the system devel-
oped in DAREFFORT project. A 6-paged fold-
able flyer was prepared at the beginning and
at the end of the project with the basic infor-
mation for the public about the motivations and results of DAREFFORT. We also sent
out press releases on the occasion of the launching ceremony in Budapest. A final press
release is also due at the end of the DAREFFORT project to inform the greater public in-
ternationally about the improvements in the cooperation of institutions responsible for
flood and ice management in the Danube Basin.

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States
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We created all the necessary files to
have a uniform representation: pres-
entation templates and document
templates. We prepared other com-
munication materials, like rollups
and posters to help project partners
to be successful on conferences, ex-
hibitions and other events. All the
project materials were prepared in
compliance with the Danube Trans-
national Programme Visual Identity
Guidelines.

DAREFFORT also required project partners to inform professional stakeholders, and edu-
cate the general audience locally. These events were also bidirectional, and enabled PPs
to collect valuable feedback from the audience, about requirements, expectations, and
technical preparedness. Such events helped the project partners to develop and setup
e-learning modules in a way that it suits the users the best in the future. The total number
of audience at the national workshops and dissemination events exceeded 2000 people.
Two short videos were also prepared which summarised the reasons behind establishing
DAREFFORT and the expected outputs and social benefits.

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States
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DAREFFORT Communication in numbers

2x4000 information flyers in English and 8x200 in national languages of partners

12 event participations, presenting DAREFFORT project to professional audience

9 workshops and dissemination events in 2019 reaching more than 2000 people

14 newsletters to 150 recipients during the 3 years of DAREFFORT project

500 Technical Summaries on the achievement of the project

I Group photo at the Ist Periodic Meeting with Capitalisation event and DAFF event, 4-5. February 2019, Vienna

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States
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3. EVALUATION OF FORECASTING

3.1 Evaluation of flood and ice forecasting WP3 Output 3.1

NN/ Mojca Sraj, Mira Kobold, Saso Petan, Nejc Bezak, Andrej Vidmar, Mitja Brilly
University of Ljubljana, Faculty of Civil and Geodetic Engineering, Slovenia

3.1.1 Introduction

The main aim of the DAREFFORT project was to give a comprehensive overview about
the complex national flood and ice forecasting systems, to eliminate the shortcomings of
the existing forecasting practices as well as to improve the exchange and availability of
hydrological and meteorological data between the participating countries with the es-
tablishment of a commmon data exchange platform, which is a prerequisite for the future
Danube Hydrological Information System (DanubeHIS) of ICPDR. To achieve this goal, a
detailed questionnaire was prepared as part of WP3 and the results were evaluated. The
guestionnaire contained 116 questions covering the following: the countries’ hydrological
and meteorological data availability, recording methods and coverage with the monitor-
ing networks, coding and national database systems, data flow, forecasting time intervals
and accuracy, response times, cross-border issues and data dissemination, etc.

The evaluation of the questionnaires and national reports was the basis for a review of
flood and ice forecasting systems and methodologies in 12 Danubian countries, as well
as of JRC and ISRBC as good practices of cooperation. From non-participating countries,
Bosnia and Herzegovina also supported the project by completing the questionnaire.
The review is divided into four major topics related to meteorological data, hydrological
data, ice data, and the national hydrological forecasting service. These results were the
basis for suggesting a unified and mutually agreed upon list of data that all data providers
are capable of providing.

3.1.2 Meteorological data

Meteorological observations are an essential part of flood and ice warning and forecast-
ing systems. Generally, within meteorological networks various data are collected. The
most important variables are precipitation, air temperature, air humidity, wind speed, air
pressure, solar radiation, sunshine duration, evaporation, soil moisture, snow depth, and
snow water equivalent.

We have to stress that actual measurements of evaporation and transpiration are per-
formed only in some countries at few meteorological stations. Furthermore, potential
evaporation is measured only in some places. Soil moisture measurements are hardly
ever taken. Composite weather radar imagery to be used in hydrological models is not
available in all countries. In most countries, there are no systematic measurements of
the snow water equivalent or its spatial distribution, despite the fact that the floods in
the Danube River Basin are mainly generated in mountainous areas in combination with
snowmelt.

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States
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The availability and access to meteorological data is different across the countries of the
Danube River Basin. Furthermore, not all the data are free of charge in the respective
countries. Availability of meteorological data, terms of use for the countries involved in
the DAREFFORT project, the number of on-line meteorological stations operated in the
Danube River Basin, and information about the type of data provided on the public web-
site are presented in Output 3.1. The countries used their own criteria for selecting the
representative stations for the DanubeHIS. The location of the selected stations is pre-
sented in Figure 3.1.1. and all other information is given in Output 3.1.

Danube Transnational Programme
STASA GmbH, 12/02/2021

Meterological stations
Burggs
Danube Catchment Area

for DAREFFORT

3.1.3 Hydrological data

In the frame of hydrological monitoring all countries collect data on hydrological param-
eters, i.e., water level, discharge, and water temperature. Some of them collect informa-
tion about sediment and ice, while there are practically no systematic measurements of
water flow velocity. Bed load transport is hardly ever measured. There are no systematic
measurements of channel morphology either, with the exception of navigable water-
ways along the Danube and its tributaries.

“lnterreg

@ Selected meteorological stations

BG
B Major cities

@

[J Countries participating in DAREFFORT

Cernivei

sofijd®
L J
[ ]

UA

Lwiv.
[}
MK

Skopje
=]

Lublin
[]
Timisoara

Tyczyn
]

Measurements of river stages, and indirectly river discharges, are well developed in all
hydrological services. However, the number of observation stations has unfortunately de-
creased over recent decades and we lost valuable information regarding the heterogene-
ity and dynamics of the phenomena measured. Furthermore, digitalisation of historical
data is lacking in all services.
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The availability and access to hydrological data is also different across the Danube River
Basin countries and not all the data are free of charge in the respective countries. All
countries foster extensive exchange of meteorological and hydrological data and infor-
mation with domestic and foreign institutions and users. They provide data to interna-
tional organizations such as the Global Runoff Data Centre (GRDC), the European Flood
Awareness System (EFAS), and the Hydrological Information System of the Sava River
Basin (SavaHIS). Data are exchanged based on agreements. Procedures for national and :-
international exchange of meteorological and hydrological data exist in all countries.
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The countries used their own criteria for selecting the representative hydrological sta-
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I Figure 3.1.1: Map of networks and proposed meteorological stations. Additionally,
stations from Bosnia and Herzegovina and Montenegro were added (STASA, 2021)
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I Figure 3.1.2: Map of networks and proposed hydrological stations. Additionally,
stations from Bosnia and Herzegovina and Montenegro were added (STASA, 2021)
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3.1.4 Ice data

Ice measurements are conducted along the Danube River's main flow and its navigable
tributaries, based on the recommendation adopted by the Danube Commission. In other
water bodies there are some ice measurements or observations. Because of the frequent
problems with ice and historical floods, these services are best organised in Hungary.

3.1.5 Hydrological forecasting

The type and manner of hydrological forecasting are mostly subject to regional natu-
ral conditions. In upper and high-slope river reaches, the discharges mostly depend on
the local precipitation type and its intensity. In such regions, monitoring systems with as
short as possible data transfer time steps are needed for forecasting as the hydrological
conditions are prone to rapid changes. The water levels of the lower river reaches are
strongly influenced by the drainage from the upper catchments and the low slope of the
river channel. Here, the change of hydrological conditions is slower, and the hydrological
conditions are maintained for longer periods. Water levels of low-slope rivers may also be
affected by ice.

The national hydrological and the meteorological forecasting services of the Danube Riv-
er Basin countries mostly operate within the same institution, on a door-to-door princi-
ple, which means that hydrological services have access to the meteorological data and
predictions free of charge, daily consultations with meteorologists are in place and usu-
ally both services prepare a joint warning product as well.

A large diversity among the Danube River countries in terms of hydrological and hydrau-
lic models used and the number of models applied was recognized. Among the hydro-
logical models, the deterministic/conceptual/lumped model type predominates over
the deterministic/physically based/distributed model type. The lumped models are often
used in the semi-distributed manner by catchment division into sub-catchments and/or
elevation zones. The hydrological models used in more than one country (organisation)
are DHI NAM, HBV/HBV-light, and HEC-HMS. Among the hydraulic/routing models the
dynamic wave — hydraulic routing model type predominates over the hydrologic routing
model type.

Forecasting accuracy assessment is systematically undertaken only by some services,
mostly on an occasional basis only. Systematic assessments of forecasts are only per-
formed by the European Commission’s Joint Research Centre (JRC) — for its EFAS fore-
casts, covering EU member states and associate members. The hydrological and hydro-
dynamic modelling system uncertainty is further weighted with the uncertainty from the
meteorological forecasts. Therefore, the hydrological services tend to issue descriptive
forecasts rather than quantitative ones originating from the modelling systems. Thus,
experienced hydrological forecasters hold a key role in the critical evaluation of the mod-
elling system results as well as within the decision-making processes of the hydrological
forecasting service.
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3.2 Common vision of cooperation WP3 Output 3.2

SN0/ Mojca Sraj, Mira Kobold', Saso Petan', Nejc Bezak!, Philipp LiedI?, Mitja Brilly’
T University of Ljubljana, Faculty of Civil and Geodetic Engineering, Slovenia
2 STASA - Steinbeis Angewandte Systemanalyse GmbH, Germany

3.2.1 Introduction

The results of the questionnaire and national reports showed that the organizational
structure of hydrological and meteorological services differs among the various coun-
tries of the Danube River Basin. The availability and access to meteorological and hy-
drological data across the Danube River Basin countries is also different. Furthermore,
in some countries not all the data are free of charge, while the collaboration of national
hydrological and meteorological forecasting services also differs across countries. These
differences are mainly due to the relation with the meteorological forecasting service
(e.g., door-to-door, separated) and consultations with meteorologists. Reducing the risk
of floods, which have become increasingly frequent in recent years, should therefore be
aimed at improving the forecasting capabilities on a basin-wide scale. Such an approach
is the most cost-effective non-structural tangible solution, which highly reflects the soli-
darity principle and therefore calls for a strong cooperation between the countries.

3.2.2 Analysis of the information flow among neighboring countries

Analysis of the information flow and exchange of the data among neighbouring coun-
tries was conducted based on the information about the data availability with respect to
the data exchange and improvement of forecasting conditions prepared as part of the
project’s Activity 3.1 and the corresponding Output and Deliverables. The borders crossed
by the Danube and its main tributaries, along which the flow of information should pro-
ceed, are indicated in Figure 3.2.1.

3.2.3 Bottleneck analysis of the update frequencies for real-time hydrological and
meteorological exchange of data

Based on the information about the update frequencies of real-time hydrological and
meteorological data among the Danube River Basin countries (see Output 3.1), gaps and
bottlenecks were identified. Results of the analysis show that both the availability of data
as well as the update frequency differ greatly among countries along the Danube River.
If a downstream forecasting centre works with national data with a higher frequency
than an upstream country can deliver, this will be a bottleneck in the cross-country data
exchange. In this case, the data from the upstream country cannot be used optimally
by the downstream countries. Figures 3.2.2 and 3.2.3 show the variables foreseen to be
transmitted in the DanubeHIS and their update frequency.

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
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3.2.4 Recommendations for improvement

Based on the analyses made in the scope of DAREFFORT, recommendations for the
improvement of flood and ice forecasting systems were prepared. Some recommenda-
tions apply to both meteorological and hydrological data, including ice. Accordingly, the
Danube River countries should consider: the need to improve the measuring network
terms of the stations’ density and the inclusion of measurements of additional variables;
the need for developing meteorological and hydrological products also at regional level;
provision of free access to some of the meteorological and hydrological data related to
the national forecasting services; collection of historical data records, digitalization, and
storage in a database; provision of strong arguments for obtaining financial, technical,
and human resources to operate meteorological and hydrological services; a common
updating interval at least on a daily basis for the parameters. All countries should provide
the following hydrological and meteorological parameters for exchange: water level, dis-
charge, water and air temperature, and precipitation.

Related to the hydrological data, the improvement of the measuring network in terms
of the inclusion of ice and snow measurements is recommended, since the combina-
tion of extremely rare events is not covered adequately enough by hydrological models
and/or forecasting protocols. Besides, the countries should consider a standardized data
exchange for sharing the hydrological data. The latter supports the Environet Data Ex-
change Platform, which was developed under DAREFFORT.

For the development of hydrological fore-
casting methods and models, it is recom-
mended to: develop hydrological fore-
casting systems for various catchments
of different scales, consider the existing
systems; take into account the catchment
characteristics while making the decision
on which appropriate hydrological and/
or hydraulic model to use; improve the
relationship between both services in the
countries where the hydrological services
operate separately from the meteorolog-
ical services and have a fee-based access
to meteorological data and predictions,
limited consultation options, and inde-
pendent warning products; further devel-
op existing modelling methods and use of
various models in the development of the
hydrological forecasts as well as ensemble

forecasting. Where possible, open-source
models should be used and fostered to
ensure transparency to the users and to
make an optimum use of the limited re-
sources; develop systematic forecasting
accuracy assessment and critical evalua-
tion of the forecasting for the entire Dan-
ube River Basin; continuously enhance
the capacity of hydrological forecasting
services; consider strengthening the IT
support (e.g., staff) and capabilities (e.g.,
resources, tools) dedicated to flood fore-
casting in the individual forecasting ser-
vices; collect all water regime data in a
single database, including data from the
private sector; improve the cooperation
among the hydrological services within
the Danube Region; and form regional
and/or bilateral agreements.

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States



)
]
H m T202/207e T HAWS VSIS _v___s_w:/k) =) > |/_~< "4 ) - T 5
g m 1¥04434va ul Bugedioped sauunod [] Jae W8, ohed C ¥oausapioq O ,m
o N
e © B8ly jusiyoled eqnueq \ osuapoq [enusjod m
S m o]
- 1404434va 1o} - g g
e @ suopess [eo1BojoIpAy pajosjes @ v 4 399Usj)0q ou 3
2 ~ c
- 5 sono JoleN @ ‘ Psll X [0.] Jmesaduie) Jejen M ™
n (= noum . ) ( [s/gw] eB1eydSIp JAN D S
I m o f\l\-\lmv\a o “ /V//_u - [w] |oAs) Jojepn 1y oy %
m o Aanoy :my o \ Ko}
- B ¢ 0
s < Anrep :0 Anou :p ﬁ? Kouanbalyy ajepdn :1ajowesed °
oo Auep :y I ) Aunoy :y ® 3
@ uonel, ° «W-V_); — 3
SY e m -] )
r CJ o | Ao 4 N
0 Og 3 c
PY [ ¥o L | o)
o
poig . . & »\ 8
_.n..ue_m oljewolne jou Aunoy :my ulwog/ol :my y o
bew ) | Aepiadz-y:m ) Aunoy :p ulwiog/oL 0 | ) ! >
© Kepuadz- | :D L4 Aunoy :y uiw 0g/01 2y S
Repiad -1 :y gt 2 [) Y, . s
P ® - :J\m ouezjog m
| rolhia OY ° s 8 % 4 2
"o L] e Aunoy :my ') /I/ﬂ uiog m
uraysubyoal] —~
° _.L Aunou o = @87 My, n N~ 5
A :
L Hnod AL uw og :m 49_.& b, <
e s 08 0 o g oo ok
/ N oo uw gg :y S g ' o
[ ] 1083 Aunoy My feisngd , 2ur S
()] o " M >
£ , it 0 Aunoy :p Bufbasens .m
m ™ / u ) M . ° Anoy @y eisioBul Jems 5
o \ H‘/ | uwweo o ool A , unw 09 03 1 M wor 3
) ! 3 o poadliyzn I \ o S uIw 09 01 51 O a'f S
— ~— ulw Gl 1y 19A1UIRD o r\ cumz H .. ;.:e.i_n.\%_ut I
o] 1 | Aoseld B l:é ,)/M ujw Q} M} ulw Gl iy 1 / 9
c_._n \ uw o) o f* ~T L Y IS
o % - unw g} 3y . - 9
c e ] o
el suoije)s |esibojoipAH oljewojne jou /k - w,
..m Kepiad Z- | :m) ._.%.;N/ 8 _ﬂ S
3 Aep sad | :0 :\uﬂ m_n) I &
- Aepiadg -1y (| e f Y ¥ (S 10 N
F._VL — L~ /\ k/_/ 1zdia \ — ssey) o N N
N auwlwielBo.d |euoneusuel] agnueq Wf sem ——punugleg m
M s mm\— 1911 B 3{/\/ . 3
= Wi, N 4 &
=& N «A —
= Al
n
o~
NI
(a\]
| LA NP e a 6102/01/9) "HAWD VSVLS
— eneg . \j /, . o AR 1404434va ul bunedioied setunod [
eAel -
nid O a Baly Juswyole) agnueq
ezsil O uul

sano JoleN @

(L404434va ur Bunedioned
JOU S8UN0D) saleingu) Aq passold siaplog

sauenquy Aq pessouo sieplog AH_
aqgnueq Aq passo.o siapiog I

o :mwxem
N

|
aprold
o

3. Evaluation of Forecasting

k/

Si0auinN

Danube Transnational Programme

DAREFFORT

saLejnquy pue agnueq
Aq passoud siapiog

“w; / \\, )
nexomz f _
l,\ :rw.m mﬂ/ voBas

| uepsaiq

\
@\

—~ {

\
\ .._._wﬂo/

f_:._o.ﬂ
awwelBbo.d |euoljeusuel | agnueq

NOINN NV3d0NN3

E2 mm‘:wuc_

I Figure 3.2.1: Necessary information flow along the Danube River and its main tributaries

Interreg ]

(%

~ . o E‘ Jiog !

@

©

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States




©)

interreg H

Danube Transnational Programme

3. Evaluation of Forecasting I

26

i o b
S ~ a
i1E 3 £ g
o ) ,,, T
O S 8 b§
a 0 0% 0o g - E g ¢
— b= £ 3 - a
T © ESEE - » 2
- - S - © c
-] ® | 55355 ( . ©® - g £ 5 °
2 — @ & ] kS, £
] 8 o EEe g = 5
1’ c L2 A85a e 2 &
0 (=2 ® ] £ £
- = o 32 S &
[ - [} 0 [ © Q
B =
- o :® o £ g 9 8
@ g 3 o 2
- o o 3 S 45% o =
- 0 o ° a 5 9d 2 3
5 - T= & 0O
(_ c [) z 2 88 & &
((’}) © = [ ] gm 5] o
[a] 3 [ ] @ = EI
® .o ]
3 © s
[}
o o Q
"5 g [ ) D =®
o n
g‘sg o ® ® g 73 o
° 2
223 ® L I
© 8 o 2
©%s | 2a E} 82§
afc|3 () © N5 4
-5 * D 2 /=
- 2 =
Q82 - 37
s %
3 P ® ~
® 2 £ X
£ N 3 o 3
sm £ o> i1 J ® :im °
3 3m ® 3 ® E o
4 ®. : 8 = °
= 3 8 2> fm
tm @Y . ] ° £
H L ) 2 3 33T Y
£ im [ ) 3 S e
s e ] - [} g al
H & H S EEEE) @ =
i = ) ® TEES »
H H {32233 =) ®
222252 2\ 0 )e% *®
q4 == == 2
. 8 FEEEED i 3 és
L ta H = 4232233 >2 3 2 ® ¢
23 = g 22228 TS| @ 3 [
3" i qd € c¢ :g o 2
s ZEEE ]
H ™ EEEE £ <
° 0w a8 >2> &
s R >2
am ¢, A E8>d 55 Py g
33 20 Y H
£8g £< & &
58 &
c e 2 cE c [- 4 ]
§ tm et 1
5w g o EEE §B L] b
o N o
fa £ o8 9
z o E g2 -
N S Ooy e2e
e
9 o ® i3 £
s
[J ! &
- E2> (] ] L.
H = £ =4 () 5
Zm - Eg:
3} [<]
2c2 ®
& 5 @83 o0 L
L = (=4
3
. .
im [ 3 £ s 1
e e 3> s
3 H
Srar £5 3
b =2 28
2 e 4 ET ® ®: ,‘:>"
& A SE @ TN ©
r 1eE® % s 2 o
a o - 2 tm o =,
5 5 -= 8 . 2 o K]
2 a < - = 3
is 2 3" A8 5 B Q 5 2 c
£ F} H as o - =0 2 o}
g A z o 3 EL 3 S =
e X g H K= s [9] o
. H x 12T : <, fe gl 259 £ 32
is fa ° P e | SE82 2 3
2 B £ 2| 582 38 %
g o 5 z 8| 53ESS o £
gm g g ¢ o E| 8823 2 3
® g 3 5 s| 8§ ES2 < &
H L ) 58, 5 ° e O SE
£m § s H H < e Flae<TZ
3 5t o £ e 8 Sgp Sw 5 o PR
2 ° 2 smgd <3 < a = aE8og
sm T il 50 H

I Figure 3.2.3: Update intervals for meteorological stations and recognized bottlenecks in data transfer
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3.3. Economic impact analysis of potential future system

scenarios WP3 Deliverable 3.2.5
SIS

Marion Frotzbacher, Georg Graser, Ginther Grohall, Oscar Weinzettl
Economica GmbH, Austria

3.3.1 Introduction

Since ancient times, floods have been natural disasters that humans have had to combat.
In modern days, this is truer than ever before. The frequency of natural disasters such as
floods is increasing due to climate change. It is estimated that between 1980 and 2013,
floods have resulted in the death of 117,000 persons and caused economic damages of
around 487 billion dollars (Thielen-del Pozo et al., 2015).

Effective flood risk management is necessary for mitigating the impact of floods on pop-
ulation, property, and the environment. Early warning systems, which allow for early re-
sponses, require high level of forecasting data. Forecasting remains one of the most pow-
erful tools in flood management (Pappenberger et al.,, 2015). These systems are highly
effective at reducing damages caused by floods.

Thus, effective flood forecasting becomes an absolute necessity to minimize damages to
life and property in the Danube Basin. DAREFFORT creates a system where hydrological
and meteorological data of nations along the Danube Basin are easily accessible to one
another, and this will be a major milestone in increased flood prevention in this area. It
will improve the lead time and accuracy of flood forecasts in the majority of the partici-
pating countries, allowing authorities to react sooner in the case of an approaching flood,
which, in turn, will reduce both damages and costs.

Therefore, the DAREFFORT deliverable 3.2.5 Economic impact analysis of potential future
system scenarios executed an ex-ante estimation of the economic effects brought about
by the outcome of the DAREFFORT project in different scenarios.! Hence, a two-step-
approach consisting of a cost-benefit analysis (CBA) and an input-output analysis (IOA)
was used. In the CBA implementation costs and future running costs are contrasted with
future benefits resulting of reduced flood damage costs.? The IOA is a macroeconomic
tool which can be used to estimate economic impacts of various positive and negative
shocks in terms of changes in, inter alia, employment and gross value added (GVA). In the
context of DAREFFORT, the IOA is used to calculate GVA and employment effects gener-
ated from the CBA results and the running costs.

'In the DAREFFORT project, four different potential future system scenarios were elaborated. Two
of them were subjected to the quantitative economic analysis. Scenario O is the certain, direct out-
come of DAREFFORT, a commmon Danube River Basin observed data software exchange platform.
In Scenario 1forecasting data will be exchanged as well.

2 Future values are discounted by an interest rate of 2.5 per cent p. a.

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
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3.3.2 Data

The data for the quantitative impact analysis were delivered by the DAREFFORT project
partners in each partner country. The project partners contributed by researching eco-
nomic consequences of previous flood events in their respective countries. In total, infor-
mation on 72 historical flood events was collected. Between the years 1990-1995, there
was almost no damage caused by floods, and between 2015-2019, no significant flood oc-
curred. In the years between 1996 and 2014, the picture is a different one. The years 1997,
2002, 2010, and 2014 saw floods that caused damages in excess of 2 billion euro each, with
1997 being an extreme occurrence that caused over 4 billion euro of damage. It is evident
that extreme floods can occur at any time and long periods of calmness are not indicative
of intensity of future flood behaviour.

29 I 3. Evaluation of Forecasting
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I Figure 3.3.1: Losses due to flood damage per year, 1990-2019 - Source: DAREFFORT.

These data were divided into categories by return period and severity (minimum, mean,
and maximum damages). Furthermore, the data providers revealed that they expect
DAREFFORT/DanubeHIS-related costs to attain 3.5 million euro per year® in Scenario O
and Scenario 1, and additional initial costs of 450,000 euro in Scenario 1.

3.3.3 Cost-benefit analysis

In Scenario O, Croatia, Romania, Bulgaria, Serbia, and the Ukraine reported anticipated
improvements in terms of an extended lead time, Slovakia, and Hungary expect at least
a higher accuracy due to the data exchange between all countries. Germany, Austria,

3 Direct DAREFFORT/DanubeHIS-related costs are only 200,000 euro. However, costs in the “back-
ground” (data processing, monitoring, maintenance etc.) also are considered. These costs are al-
ready covered in the data providers budgets.
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I Figure 3.3.2: Cost functions Scenario O and Scenario 1 - Source: DAREFFORT

the Republic of Moldova, Czech Republic, and Slovenia do not expect any improvements
of their national forecasts. This is not surprising, as Germany and Austria are upstream
countries with an ongoing bilateral data exchange, and data from downstream countries
do not affect their forecasts. Water in the Czech Republic significantly depends on the
precipitation amount, as there are no significant tributaries to the country. Moreover, the

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
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Czech Republic and Austria have bilateral agreements, so there is no expected improve-
ment for the Czech Republic resulting fromm DAREFFORT. The same applies to Slovenia.
In Scenario 1 Germany, Austria and the Republic of Moldova, still do not expect any im-
provements in terms of a longer lead time or a forecast quality improvement. Slovakia,
Croatia, Romania, Bulgaria, Serbia, Czech Republic, Slovenia, and the Ukraine expect im-
provements of both, lead time and accuracy.

An extensive literature review* was used to determine percentages of reduction in po-
tential flood damages in each affected economic activity (agriculture, manufactured
products, constructions above ground, constructions below ground, transportation, and
other), that can be attributed to a longer lead time or a higher accuracy of the forecasts.
Using this information, the potential damage costs in the status quo can be compared
to the situation with DAREFFORT/DanubeHIS. If the costs (potential damage costs plus
running costs) with DAREFFORT/DanubeHIS are lower than the potential damage costs
in the status quo, the system would be beneficial from an economic point of view.

Results of the CBA are displayed in Figure 3.3.3. The yellow lines represent the effects from
a minimum damage perspective, the green lines from a maximum damage perspective.
Depending on the severity of the future flood events, the costs or benefits arising from
DAREFFORT/DanubeHIS will lie between those lines. In the unlikely case of minor dam-
ages only, the system will cost more than it can potentially save. Already in the mean
damage category, DAREFFORT/DanubeHIS has the potential to save a total of around
3 million euro per year, or 70 million euro cumulatively until 2060. These savings could
reach up to 26 million euro annually, or 660 million euro cumulatively until 2060 under
the maximum damage perspective. In other words, 1 euro invested in DAREFFORT/Dan-
ubeHIS in Scenario O has the potential to save 6.98 euro until 2060.

In Scenario 1, even higher effects are expected. The annual difference with the status
guo ranges between increased costs of 3.6 million euro and benefits of 26.0 million euro.
Cumulatively, the effects range between higher costs of 81 million euro to savings of 2,4
billion euro until 2060. In the mean damage category — the most likely state -, DAREF-
FORT/DanubeHIS would save up to 426.4 million euro until 2060. 1 euro invested in DAR-
EFFORT/DanubeHIS in Scenario 1 has the potential to save 24.75 euro until 2060.

3.3.4 Input-output analysis

Natural disasters actually may have a positive effect on future value added. This might
sound counterintuitive at first, but it becomes clear on closer inspection, as reconstruc-
tions stimulate the economy. This is a well know problem in evaluating the economic
impact of natural disasters. (Of course, for the affected people in the endangered areas,
these events mean dramatic economic hardship.) However, these investments are usu-
ally incurred in lieu of different or even more efficient areas of the economy. This implies

“ Numerous studies were considered in this section: Day, 1970; Chatterton and Farrell, 1977; Smith,
1981; Wind, 1999; ICPR, 2002; Reese, 2003; Carsell et al., 2004, Kreibich et al., 2005, 2007, 2008; Parker,
1991; Parker et al., 2005, 2007; Thieken et al., 2005, 2007; Tunstall et al., 2005; Steinfuhrer and Kuh-
licke, 2007; Priest et al.,, 2011; Penning-Rowsell et al., 2013.
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I Figure 3.3.3: Total accumulated effects of the CBA, Scenario O and Scenario 1- Source: Economica.

even though no “additional spending” may take place, “spending in different investment
goods” is triggered by damage repairs. Therefore, the results of the IOA are to be inter-
preted, as “vacated capacities” that would have been reserved for the sole purpose of
restoring the status quo and now can be used for more beneficial investments.

The IOA> transforms the running costs and the results of the CBA into GVA and em-
ployment effects. Running costs (expenses for staff and material/maintenance) paid by

> The IOA was only performed for Scenario O.
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the national hydrological and meteorological institutes stimulate the economy, lead to
GVA, and generate or secure jobs. These expenses are thus transformed to a direct an-
nual GVA. Due to purchases of intermediate goods for these activities, the direct GVA
increases by the so-called indirect effect generated in the supply network. Aggregating
direct and indirect effect equals the total GVA effect. The highest total GVA effect can be
expected in Austria (829,958 euro), Germany (766,372 euro), and Romania (585,923 euro).
The other countries range between 259,942 euro in Slovenia and 39,880 euro in Ukraine.
The highest total employment effect resulting from the running costs can be observed
in Romania, where 10.5 jobs can be created or secured, followed by Germany (4.3), Austria
(2.7), Slovakia (2.7) and Hungary (2.4).

The economicimpact analysis was performed in three perspectives: minimum, mean, and
maximum damage categories. Under a minimum perspective, the GVA effects resulting
from the CBA are marginal. For all countries® combined, the total annual effect amounts
to 206,841 euro. However, for the mean (5,583,686 euro) and maximum (25,648,617 euro)
damage categories, the effects are expected to be much higher. Similar to the GVA, em-
ployment effects in the minimum perspective are rather small, creating or securing a
total of only 6.2 work places. In a mean perspective, the total employment effect would
be 205.7. In a maximum perspective this number rises to 932.8.

3.3.5 Conclusion

These findings lead to the conclusion, that from an economic point of view, DAREFFORT/
DanubeHIS will be beneficial, if mean or maximum flood damages accrue. Only in the
case of just minor flood damages, the costs exceed the benefits. Also, it can be recom-
mended to implement Scenario 1, as the costs just rise slightly, but the potential benefits
increase substantially. However, it is important to base the decision not only on economic
aspects since they are just one aspect when it comes to answering the question if a flood
warning system should be implemented or not. Furthermore, social and ethical aspects
should be taken into account, as flood warnings not only save property, but also lives.

3.3.6 References
The complete list of references can be found in the full report.

& As for the countries, Germany, Austria, Republic of Moldova, Czech Republic and Slovenia no cost
savings are expected, no GVA effects will be experienced.
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4. HARMONIZED DATA EXCHANGE

4.1. Policy recommendations for exchange of data
WP4 Output 4.1

2000000220022/ Philipp Liedl, Dirk Meyer, Kim Schwarz
STASA - Steinbeis Angewandte Systemanalyse GmbH, Germany

4.1.1 Introduction

For the exchange of data between countries in the Danube catchment it is essential to
achieve a consent of the conditions and regulations under which the exchange takes
place. The challenges of a common transnational exchange of hydrological and mete-
orological data are manifold. Each country has a different IT infrastructure that is only
compatible with each other to a limited extent. The hydrological and meteorological data
collected in each country, and in particular the collection intervals, are also very different.

Beyond the technical challenges, the legal framework for data exchange must be clari-
fied and a common ground has to established.

It is already common practice to exchange data with neighbouring countries on the ba-
sis of bilateral agreements. This exchange has usually grown and been established at
technical level over many years and is often very specifically tailored to the needs of the
individual countries. A simple transfer of the conditions for this bilateral data exchange to
the level of the entire Danube catchment is therefore not possible.

In order to establish a smooth data exchange that covers the entire Danube Basin and
meets all the needs of the individual countries, a common data policy and a common
data format for the exchange of data must be developed and established.

According to these aims recommendations necessary to elaborate the data policy doc-
ument for the future DanubeHIS by FP-EG and ICPDR have been elaborated in DAR-
EFFORT project, but also recommendations for the technical operation of the common
data exchange platform.

4.1.2 Data policy recommendations
The data policy sets up the legal framework, which defines the conditions and permis-
sions which apply to use the data on the common data exchange platform.

An elaborated and comprehensive data policy is a prerequisite for all data providers, re-
gardless of the country in which they operate. Different questions must be addressed in
the data policy document, such as:

- Should the data be available unrestricted and free of charge?

-Which data is provided?

-To which groups should the data be provided (general public, forecasting centres, uni-

versities, etc.)?

- Restrictions of data transfer to third parties / use in commercial products?

- Liability for the data?

-Additional conditions, like source of data has to be mentioned?
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In order to establish commmon recommendations for a data policy for DanubeHIS during
DAREFFORT project a survey has been carried out among project participants to evalu-
ate existing data policy regulations in the countries, but also to get an overview on the
country specific needs and requirements for this data policy document. In addition, ex-
iting data policy documents for relevant multi national hydrological and meteorological
data exchange platforms such as Sava HIS or SEE-MHEWS-A have been analysed. The
results of the analysis and the survey have been discussed in workshops on data policy
topics during the periodic project meetings.

The following recommendations are derived as the partners proposals for the data policy
document of DanubeHIS:

Regarding the availability of data, it is recommended to make the data of the common
data exchange platform available unrestricted and free of charge, where possible. This
should be particularly the case for hydrological forecasting centres in the Danube catch-
ment. This is in line with the WMO Resolution 25 (Cg-Xlll) — “Exchange of Hydrological
Data and Products”, and WMO Resolution 40 (Cg-Xll) — “Policy and Practice for the Ex-
change of Meteorological and Related Data and Products”. In these resolutions the WMO
encourages its members to provide on a free and unrestricted basis those hydrological
data and products which are necessary for the provision of services in support of the pro-
tection of life and property and for the well-being of all peoples. “Free and unrestricted”
means non-discriminatory and without charge. “Without charge”, in the context of this
resolution means at no more than the cost of reproduction and delivery, without charge
for the data and the product themselves.

Specific usage, like using the data in commercial products or redistributing the data to
third parties can be restricted, depending on the purpose and/or user group, as described
below.

With respect to the provision of data a minimum set of parameters should be defined.
Following parameters can be regarded as commonly agreed within the DAREFFORT
consortium regarding measured data: water level, discharge, water temperature as hy-
drological real time parameters and precipitation as meteorological real time parameter.
In addition to the minimal set of parameters it can be recormmended to foresee an option
to expand this list by additional parameters in the future.

It is further recommended to define a common update time interval of the parameters
which the data providers provide the data to the platform in the data policy document, at
least as a recommendation. From the experience in the Danube catchment for real time
measured data this could be hourly, and for historical data daily (updated once a year).
Also, the monitoring stations for which the data is provided to the platform should be
defined in the data policy, and could correspond to the list of hydrological stations and
meteorological stations earlier in the DAREFFORT project. This list should be made ad-
justable in the future (e.g. by placing it into the appendix of the data policy).

For retrieving the data from the platform OGC WaterML 2.0 data format standard is rec-
ommended, and has been implemented in the software of the platform.
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Regarding the groups to which the data should be provided, the following stakehold-
ers, and corresponding restrictions have been identified:

-Hydrological forecasting centres: Access should be unrestricted and free of charge
for internal usage. This is agreed by all participants of the survey.

- Universities / Public research institutions: Access should be unrestricted and free of
charge for internal usage. In case of publications and research projects the data source
has to be cited, and from case to case data providers have to allow for using the data
specifically.

- Private research institutions: Access should be unrestricted and free of charge for
internal usage. In case of publications and research projects the data source has to be
cited. From case to case data providers have to be asked for agreement on using the
data.

- General public: Access should be unrestricted and free of charge for private usage.

- Companies (e.g. Harbours, Power suppliers, shipping companies): Access should be
unrestricted and free of charge for internal usage. Also here, depending on the specific
case a separate agreement with data providers could be necessary.

However, restrictions should apply for data transfer to third parties or using the data
in commercial products. Specifically, re-distribution of the data by third parties should
be prohibited or only allowed by written permission of the data provider. Also, usage of
the data in commercial products could also be prohibited or only allowed by written
permission by the data provider, and could be charged, whereas usage of the data in
non-commercial products could be allowed by written permission of the data provider.

Because all the countries already have different regulations regarding re-distribution or
commercial use, it could be necessary to also receive written permission from the coun-
tries from which the data is used.

A very important topic of data policy is the liability for the data. In this context it is rec-
ommended, and common practice in existing data policies, to make the data receiver
responsible for appropriate data handling, and interpretation of the data. The data pro-
vider should not be made liable for the accuracy of the real time and other data provided.
Data providers should not be liable for any loss or damage, cost or claims arising directly
or indirectly from the use of the data.

Additional recommendations are that the origin of the data should be cited in any case
when using the data. This is common practice. In the ongoing process of implementing
the data policy after the project, higher level authorities should be involved at an early
stage. It also is recommmended to implement a flexible data policy solution, which enable
the data provider to handle with the different groups according to the different national
data policies and reflect possible changes of the national data policy.

4.1.3 Recommendations on technical operation
Besides a comprehensive data policy, coordinated technical specifications are also es-
sential for a smooth and flawless operation of DanubeHIS in the future. Therefore, recom-
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mendations from flood forecasting and IT experts have been elaborated at an early stage
of the project before implementing the software to ensure high standards for the devel-
opment of the software, and to avoid bottlenecks in the later operation. These standards
have to be conform and compatible with already existing technologies used by data pro-
viders in all countries, but also ICPDR as the future operator of DanubeHIS. Therefore,
the technical recommmendations summarized in the following are based on an in-depth
review of the existing technical capabilities of the hydrological and meteorological stake-
holders in the Danube catchment.

Real time hydrological data
For real time hydrological data, it is recommended for data providers to use an FTP-Serv-
er or Web-API for the data exchange.

The minimum common update interval for the parameters is daily. For automatic stations
there is a minimum common update interval of one hour. The long-term goal should
be to achieve an update interval of at least one hour for the agreed parameters of the
data policy. Parameters exchanged by all countries are water level, discharge and water
temperature which are the minimum of agreed parameters. The exchange of additional
available parameters is welcomed.

Real time meteorological data

As for hydrological data, an FTP server or a Web API is recommended for data exchange
of real time meteorological data. The data should be updated at least daily, better would
be hourly on the long term.

Only precipitation can be delivered in all countries using the data exchange interface
at the moment, which meets the draft specifications of minimal set of meteorological
data foreseen to be exchanged in future DanubeHIS. However, more parameters could
be provided by most of the countries, therefore it could be possible to exchange air tem-
perature in addition in the future.

Processed historical hydrological and meteorological data

Processed historical hydrological data should be uploaded or made available on an FTP
server using a defined template csv file, because most of the countries already use this
method for exchanging processed data.

Duration of persistent storage of real time data

Currently the regular practice is to publish processed data once a year. Therefore, the du-
ration of storage of the real time data should be at least one year to avoid temporary data
gaps in the database as far as possible. On the other hand, real time / unprocessed data
should not be available indefinitely, because of possible data incorrectness.
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4.2 Observed data exchange software WP4 Output 4.2

2000002220022/ Philipp Liedl, Dirk Meyer, Kim Schwarz
STASA - Steinbeis Angewandte Systemanalyse GmbH, Germany

4.2.1 Introduction

The challenges of a common cross-national exchange of hydrological and meteorolog-
ical data are manifold. Each country has a different IT infrastructure, and different data
formats, which is only compatible with each other to a limited extent. Also, the coun-
try-specific hydrological and meteorological data and especially the data update inter-
vals are very different.

In the following the commmon data exchange platform developed in DAREFFORT pro-
ject, which is called Danube Hydrological and Meteorological Common Data Exchange
Service (EnviroNet) are described. The suffix “EnviroNet” stands for environmental infor-
mation network which indicates that the software service is able to deal with a variety of
environmental data and could be easily extended in the future. Commonly, and in the
following the platform is called “EnviroNet”.

The conversion and mapping of the data between national data formats and the com-
mon data format for exchanging data has been another crucial topic to be solved in DAR-
EFFORT project. The basis here for this is a common data model, which has been elabo-
rated in the project and implemented in the software.

4.2.2 The Architecture of EnviroNet software

The architecture of EnviroNet serves to establish a stable, common ground to collect and
make available existing hydrological data from data providers and handle all the conver-
sion, transport, security, and standardisation requirements attached to that goal.

To achieve the aims of the project the hydrological and meteorological data provided in
each country in the Danube basin are converted to the common data exchange format
(HyMeDEM), stored and distributed in an appropriate way.

Since there are many partners involved in this process, especially data providers, it is nec-
essary to have a decentralised and modularised solution. This ensures that horizontal
growth is possible easily with respect to data providers, the maintenance effort is kept
to a minimum for each partner, and the accessibility and availability of data for the end
users is maximised.

The data conversion takes place on site of the data providers, where possible, to ensure
that they can apply changes in their local formats to the conversion rules on their own
without involving the central host. The data from national data providers collected and
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converted to the common data exchange format are stored in a centralised storage solu-
tion, from which the data will be distributed to end users. The centralised service is nec-
essary and preferred over a cloud based or distributed software solutions to achieve a
stable running and broadly accepted solution on the long run.

According to the different roles in the common data exchange service EnviroNet can act
in two different modes, as distribution node and as data node:

In the first mode the software is used as distribution node which collects data from na-
tional data providers and stores the data in the HyMeDEM data model in a central data-
base. As a distribution node, EnviroNet can provide data to clients in Water-ML 2.0 format
via a web-API. The distribution node will be part of the DanubeHIS in the future, and it
is foreseen that ICPDR will host this EnviroNet distribution node after the DAREFFORT
project ends. Therefore, the technical specifications have to be kept compliant to ICPDR
future developments (see also detailed description below).

The second operation mode is called data node. Data nodes are used by data providers
who want to send their data actively to the distribution node. In the data node conversion
filters (plug-ins) are used to convert the data from national data format to the common
HyMeDEM data format. The conversion filters are tailored to the national data formats.
The conversion filters can also run directly in the EnviroNet distribution node and pull the
data from the data providers' servers. In this case the data providers have to ensure that
the data to be exchanged can be accessed by EnviroNet via a Web-API or an FTP-server.

EnviroNet consists of a commmon code base which can be used as a distribution node or
as a data node.

To keep the maintenance effort in balance between data providers and host of the data
exchange service, configuration of the conversion filters are manageable by the data pro-
viders. Necessary maintenance tasks are limited to situations in which data providers
make significant changes like adding new stations to EnviroNet, changing server ad-
dresses or making changes to the data exchange protocol, e.g. by assigning national data
fields to corresponding HyMeDEM entities. Therefore, the conversion plugins running
directly in the EnviroNet distribution node are accessible by the data providers for con-
figuration.

In order to keep the maintenance effort low, especially if a national data provider makes
changes in the local data format or Web-API, the conversion plugins are configurable by
easy maintainable configuration files, without making changes in the source code. This
ensures that national data providers can maintain their conversion plugins as easy as
possible. No programming skills are required to maintain the conversion filters.
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Data security is ensured by authentication using appropriate encryption methods (sepa-
rate tool for generating key pair on data providers side). The public key list for authentica-
tion should be managed by the host of EnviroNet distribution node in the future, which
is foreseen to be ICPDR.
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I Figure 4.2.1: Schematic overview of the architecture of EnviroNet.

4.2.3 Implementation and delivery of the software

Based on the technical recommendations described in section 4.1 the architecture shown
in section 4.2.2 the software of EnviroNet platform has been implemented in the DAREF-
FORT project, in order to create and establish a cross-national data exchange platform in
the Danube catchment. EnviroNet serves as the technical basis for DanubeHIS operated
by ICPDR. The software uses existing data exchange interfaces of data providers where
available, in order to keep the effort for the national data providers as low as possible.
This implies that the national data providers only host their own data, and not the data
of other countries.

The development of the software has been based on established coding standards. It is a
web driven application, light-weight, and easy to implement and to maintain. In order to
make the system as open and platform independent as possible the core structure only
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uses simple and proven web technology. These are on server side: HTTPS, PHP, Cron/Task
scheduler, and on client side Html5, JavaScript. The interaction with EnviroNet platform
is managed using a web application programming interface (Web-API). The software is
open source. It is compliant with ICPDR future developments regarding DanubeHIS, and
therefore supports the following IT infrastructure of ICPDR.

Data security is ensured by authentication using appropriate state of the art encryption
methods.

The EnviroNet software is open source and based on web technologies. It is written in
PHP and uses state of the art standard components and tools like Apache and Post-
greSQL. The source code of the software is available on GitHub (https:/github.com/envi-
ronet/environet).

An important requirement for the acceptance of EnviroNet and future DanubeHIS is that
the effort for national data providers to transfer the data to the platform is as little as pos-
sible, but at the same time meet high standards of data availability and quality. Therefore,
during the implementation of the software for each national data provider the conver-
sion rules and routines have been defined and elaborated individually.

These conversion filters have been delivered together with the required software com-
ponents of EnviroNet to the national data provides in the second half of 2020. With each
data provider online meetings have been carried out to configure the data transfer to
their needs and requirements. During this deployment phase beta tests and bug fixes
have been carried out. All data providers have provided acceptance or delivery reports,
and have been introduced in online meetings, and workshops how to use the platform.

4.2.4 Maintenance of the software platform
The Platform can be maintained by the host of the Distribution node and by the national
data providers using a web-interface, as shown in Figure 4.2.2.

Data providers' information can be maintained as well as the list of hydrological and me-
teorological stations from which data is delivered. Of course also the parameters which
are provided by each station can be configured individually.

The assignments of different access rights to the data in EnviroNet Distribution Node can
be managed via an access control list, in a very detailed granularity by station, parameter,
type of data and access time.

Missing data can be uploaded via standardized csv-files. Also historical data can be up-
loaded this way.

For the conversion filters easy to understand text configuration files are used, which can
be modified by national data providers if they make changes to their IT infrastructures
which have an impact on data delivery to EnviroNet platform.
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I Figure 4.2.2: The web interface for maintaining the EnviroNet platform

4.2.5 Prove of concept under real life conditions

In order to demonstrate the capabilities of the common data exchange based on the
EnviroNet Platform and the commmon data model implemented in DAREFFORT project a
webtool has been developed. As a proof of concept this webtool acquires the data stored
on the EnviroNet Platform via the implemented API in WaterML 2.0 format and shows
the information in an interactive map of the Danube catchment.

Initial tests and bug fixes have been carried out to achieve a smooth and flawless opera-
tion of the platform.

After these initial tests in September and October 2020, the EnviroNet platform has been
running in continuous operation for about 100 days up to the day this document is writ-
ten.

During this time data from over 600 hydrological and meteorological measuring stations
across the Danube catchment is delivered at least daily, but in most cases hourly to the
EnviroNet Platform.

In the time of continuous operation only minor issues occurred which could be fixed in
short time. The first four months of operation of the EnviroNet platform show that the
common data exchange concept and software developed in DAREFFORT project is work-
ing in practical application under real life conditions. The platform is ready to be handed
over to ICPDR for the implementation of DanubeHIS.
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I Figure 4.2.3: Overview of the hydrological stations (the number in the circles represent the number of stations
in this area).
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I Figure 4.2.4: Example of a hydrological station in Budapest with its current information
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5. KNOWLEDGE TRANSFER

5.1 Expert workshops on knowledge exchange
WPS5 Output 5.1

NI Marius Matreatd, Simona Métreats, Catilina Petre, Andreea Ghinescu, Elena Ghita
National Institute of Hydrology and Water Management, Romania

5.1.1 Introduction

Within the work package 5, dedicated to knowledge transfer, 9 national knowledge ex-
change expert workshops on flood and ice forecasting were organized and carried out
by dedicated partners, in each of the 9 partner countries (ECONOMICA in Austria, NIMH
BAS in Bulgaria, CW in Croatia, STASA in Germany, OVF in Hungary, NIHWM in Romania,
SHMU in Slovakia, UL in Slovenia, UHMC in Ukraine). The invited lecturers were experts in
the field of operational flood forecasting and / or relevant hydrological research domains,
the other participants were representatives of stakeholders and of other institutions with
interest on the use of hydrological forecasting and warning products.

5.1.2 Summary of the workshops

The first part of the workshops was dedicated to a detailed overview of DAREFFORT pro-
ject in which the lecturers presented the background, duration, start of the project, esti-
mated full budget, potential partners and areal coverage. Lecturers introduced also the
scope of the project, the content and the goals of each work package, as well as the pre-
vious and next steps in the project.

The second part of the workshops was generally dominated by presentations of national
forecasting services and systems and of national and international projects in progress
with related topics.

An important part of the meetings was the discussion between the participants on top-
ics such as: future requirements and improvements in transnational forecasting systems,
how to facilitate the flood protection of the region and to enhance the flood safety of the
whole Danube Basin involving the 14 stakeholder countries, possibilities of different type
of data exchange, the importance of high quality data in hydrological modelling, hydro-
logical forecasts and uncertainties, significance of fast sharing of the hydrological and
meteorological data in the closest possible real time standard format, flash floods fore-
casting system, needs for continuous training, specialization of personnel, the role and
benefits of international cooperation between National Hydrological Forecasts Centres,
in other regional projects coordinated by WMO.

At the end of the meetings, the standardized questionnaire was handed out and filled in
by the participants.
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5.1.3 Evaluation report of the questionnaires

The evaluation report summarizes mainly the results of the questionnaires prepared in
WP5S of the DAREFFORT project, supporting information gathering from stakeholders,
but also summarizes some of the conclusions and recommendations from the knowl-
edge exchange expert workshops. Some of the main conclusions of the evaluation report
are presented below.

In most of the participating countries, interested stakeholders use the hydrological infor-
mation and forecasts received directly from hydrological service or from dedicated web-
sites on a daily or weekly basis, they find it easy to understand and they find it useful or
very useful. The current availability of hydrological information and forecasts is improved
compared to the past. The quality of hydrological information and forecast products, in
terms of accuracy, timeliness and access, perceived by the respondents from the partici-
pating countries is considered good by most of the stakeholders.

According to the warning lead time mentioned by most of the stakeholders in order to
properly make decisions and take actions in the case of a forecasted hydrological event,
the duration is 12 - 24 hours, or 3 - 6 hours.

It is necessary to further improve flash flood forecasting and warning methodologies in
order to increase the warning lead time for flash floods, but without increasing too much
the false alarm rate. New radar products and quantitative precipitation forecast products
are needed in order to improve the hydrological forecast performance in the future.

Although most respondents do not require additional assistance and / or training for
the interpretation, understanding and use of the hydrological information and forecast
products, in countries like Hungary, Bulgaria, Slovenia, Slovakia, there is a significant per-
centage of the interested stakeholders that need additional assistance.

For the implementation of E-learning tools some popular and easy to use online plat-
forms were suggested and the main subjects proposed are related to the accuracy of
forecasts and use of ensemble forecasts, and in general description of hydrological fore-
casting methodology.

The use of dedicated mobile applications and web services capable to provide real time
updates of the warnings are among the most popular suggestions for the improvement
of the dissemination of the hydrological information.

The resulting conclusions are intended to contribute to the improvement of future hy-
drological forecast and warning products, in order to better serve and support the needs
of different stakeholders, in their activities.
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5.2 PILOT ACTION ON LIMITED EXTERNAL MODEL ACCESS

WP3 OUTPUT 5.2

N7/ Marius Mitreata, Nicu Ciobotaru, Simona Matreata, Catalina Petre, Andreea Ghinescu
National Institute of Hydrology and Water Management, Romania

5.2.1 Introduction

In general, the cooperation between hydrological forecast centres in transboundary river

basins, use one of the following two approaches:

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

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

The main objective of the implementation of the Activity 5.2 pilot action was to investi-
gate and evaluate the possibility of using a new innovative cooperation approach, be-
tween forecasting services of two neighbouring countries, respectively by giving external
access to a downstream neighbouring country (secondary National Forecast Centre) for
using and running independently a hydrological forecasting model, which is part of the
forecasting system of the upstream country (main National Forecast Centre).

This could be considered, in fact, a combined approach of the two standard cooperation
solutions between different National Forecast Centres, within a transboundary river ba-
sin, with the advantage of avoiding the difficulties of implementation, maintenance and
upgrade of a complete common Flood Forecasting System, while keeping the possibility
for the secondary Forecast Centre to use independently the shared operational hydrolog-
ical forecasting modelling components.

5.2.2 Summary of the workshops

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 Roma-
nia, taking into consideration that on this sector the Danube River receives major inflow
contribution from his tributaries, and that the Iron Gate Reservoir is jointly operated by
the two countries.

The analysis of the multiple-coincidence of flood waves on the Danube and its tributaries
provides very interesting and useful results, demonstrating also the importance of an
accurate simulation of the superposition and routing processes on this Danube sector for
real time flood forecasting activities.
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5.2.3 Design and concept of operation

For the implementation of the pilot action, an experimental environment was configured
on the hardware infrastructure of NIHWM National Forecast Centre. All the software used
for the implementation of this experimental testing environment were based on open
source or license free software packages.

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

- The selected modelling component that will be shared is a hydraulic routing model, for
the Danube sector between Bogojevo and entrance in the Iron Gate | reservoir (Bazias
section), for the implementation of which HEC-RAS hydraulic routing model is used.

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

- The National Hydrologic Forecast Centre frorn Romania (secondary Forecast Centre),
as a downstream country, will be able to access and run this model, for analysing differ-
ent what-if scenarios evolution from upstream Danube, Sava, Tisa and Velika Morava, in
order to have the possibility to estimate with greater lead time the possible evolution of
the inflow to Iron Gate Reservoir.

- The model can be used by the secondary Forecast Centre also as support for other op-
erational tasks / activities.

5.2.4 Implementation of 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 concept for sharing a forecasting model between
the two national forecasting services.

The model implementation was done using the Hydrologic Engineering Centre's (CEI-
WR-HEC) River Analysis System (HEC-RAS) software, which allows the user to perform
one-dimensional steady flow, one and two-dimensional unsteady flow calculations, sedi-
ment transport/mobile bed computations, and water temperature/water quality model-
ling.

The resulted hydraulic model was tested, adjusted and validated using selected historical
flood events, from the years: 2006, 2010, 2013 and 2014. Figure 5.2.1, present some select-
ed model simulation results for the Bazias section (entrance of the Danube in Roma-
nia), compared with the observed inflow hydrograph on Iron Gate | Reservoir, estimated
based on the real time reservoir operation data, for a representative period from 2014,
including the historical flood event from May 2014.

5.2.5 Recommendations for possible extension within the Danube River Basin

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

DTP2-064-2.1 DAREFFORT - Danube River Basin Enhanced Flood Forecasting Cooperation
The project is funded by the European Union and the Member States

©)

HILCTITCY m

47 I 5. Knowledge transfer Danube Transnational Prograh%?ﬁe

13000-
12000-
11000-
10000-

9000-

8000~
]
£ 7000-
:
= 6000-
5000-
4000
3000~
2000-
1000-
o et - ':o w o 'cn -] o 'r.'n -] © o
- o~ ™ o - - ™~ o =1 - o~ ™
;5_ E. a > > > ) [ = =4 = c c
< < < = = = = 3 3 = 3 =
Date
Danube River - Baziag: — Simulated — Observed

I Figure 5.2.1: Simulated and observed discharge hydrographs, on the Danube River — Bazias section,
April —June 2014

Based on the pilot action experience, we consider that this approach could be extended
on other sectors within the Danube River Basin, with the following general recommen-
dations:

- This specific way of sharing a hydraulic routing model (or a hydrologic routing model)
between a main and a secondary Forecast Centre could be used for any Danube River
sector. The technical solution used for the implementation could be different, in rela-
tion with the particularities of the existing forecasting platform, hardware and software
infrastructure from the cooperating partners.

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

- The sharing of modelling component could be extended also for rainfall-runoff models.

- The sharing of hydraulic routing components, potentially between most of the Fore-
cast Centres within the Danube River Basin, could provide great benefits if they were
coupled and used in combination with the rainfall-runoff ensemble simulations out-
puts from a regional system (e.g. EFAS).
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5.3 Guidelines on data management WP3 Output 5.3

N7 Marius Matreatd, Catilina Petre, Andreea Ghinescu, Simona Mitreata, Nicu Ciobotaru
National Institute of Hydrology and Water Management, Romania

5.3.1 Introduction

The summary of good practices, recommendations of the project covers different as-
pects of data management in relation with the flood forecasting activities, starting from
the monitoring network, data collection, data management processes, data pre-process-
ing and postprocessing modules used in relation with the flood forecasting models and/
or in support of different flood forecasting and warning system activities.

5.3.2 Current status of monitoring networks

A reliable hydrological forecast depends, to a great extent, on the quantity and quality
of the measured meteorological and hydrological input data, provided by the national
monitoring systems of individual countries.

On the current status of monitoring networks, it should be mentioned that although
most countries in the Danube River Basin have made significant progress in the mod-
ernization of the meteorological and hydrological monitoring networks and the modern-
ized networks provide high quality data for forecasting models and warning procedures,
there is still room for improvements.

5.3.3 Recommendations for improving the monitoring activity

in the Danube River Basin

In general, in all the countries within the Danube River Basin, the existing National Mon-
itoring Station Networks are able to provide the necessary input data (in term of both
spatial and temporal resolution) for hydrological forecasting and warning elaboration in
case of fluvial flood events, in medium and large river basins.

However, the actual National Monitoring Station Networks, could not fully satisfy the ob-
servational input data needs for flash floods and pluvial flood forecasting and warning
activities. Also, as medium- and long-term perspective, we consider it is unrealistic to
assume that the future extension and modernization of National Monitoring Station Net-
works will be able to satisfy the specific high spatial and temporal resolution needs for
properly forecasting flash flood events, even in the most developed countries.

We consider that a dedicated research and development EU program could be the best
option, in order to propose and test several new adequate monitoring solutions, that will
be able to complement the existing information from the national networks, in order to
provide significantly improved input data that could further support the improvement of
flash flood forecasting and warning products.
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Among the main recommendations for research topics, we could mention the following:
develop a new generation of sensors (robust, very low maintenance, threshold oriented,
not necessarily high accuracy, significantly low priced compared with the existing sen-
sors), develop dedicated mobile applications, that will allow the people to provide directly
standardized real time observational reports on rainfall and runoff intensities, develop
new data fusion methods, that will be able to use and combine all available monitoring
data.

Involvement of people in the monitoring process will also have the advantage of improv-
ing the awareness and understanding of these hazards, helping them to better under-
stand and react on received warning messages.

5.3.4 Guideline on data management related to hydrological forecasting activities
Traditionally, data management aspects related to hydrological forecasting activities
were generally considered mainly in relation with the management and preparation of
observational input data for the hydrological forecasting models (e.g.: collection, storage,
quality-control, gap filling, general time series operations, final formatting according to
each model requirements).

Recent developments in Flood Forecasting Systems (extensive use of high-resolution
NWP, radar, and/or satellite gridded input data, implementation of distributed rain-
fall-runoff and routing models, multi-model approach, generation of ensemble fore-
casts), resulted in a significant increase of requirement of data management processes
(data storage, data import / export and data processing general functionalities). Signif-
icantly greater amount of data and information needs to be processed and distributed
between different components and/or system modules at different levels, different time
and in different format.

The Flood Forecasting and Warning System (FFWS) needs special meteorological prod-
ucts, both for the real time operation and for the model calibration. Taking into consid-
eration the importance of meteorological input data for the hydrological forecasting
activities, it is mandatory to continue the implementation, maintenance and periodical
upgrade of national meteorological monitoring and forecasting systems, in order to pro-
vide the specific needed meteorological products for the FFWS.

Hydrological forecasters proper training, formation and team stability need to be recog-
nized as having a high priority. It is highly recommended to implement Flood Forecast-
ing System simulators, or at least post event simulation analysis functionalities, for better
preparing the forecasters to analyse, interpret, and elaborate warnings during extreme
events conditions.

During extreme flood events, we could also have significant problems in operating the
monitoring networks, important hydrometric stations could be flooded / damaged, im-
possible to make / get further observation from some river sections, and we have to deal
with increased uncertainty in estimating the peak discharge values (significant rating
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curve extrapolation). A good design of data management processes and operations
could limit the negative impact on the final forecast products of such conditions.

In order to improve also the last component of the End-to-End Flood Forecasting Sys-
tem chain, it is recommended to implement, maintain and prepare periodical upgrade
of national integrated information systems for data and product exchange in real-time
between all the institutions involved in the management of emergency situations gen-
erated by floods.

Taking into consideration the existing limitations encountered at national level in many
countries, on financial, hardware, and human resources, but also in order to reduce the
duplication of several data management activities, it is recommmended to increase the
support provided from the Regional Systems toward the National Systems.

5.3.5 Conclusions and final recommendations

Implementation of Flood Forecasting and Warning Systems needs to be understood and
planned as a continuous process. After each implementation stage, based on the lessons
learned, on the new scientific and technological development both for the models and
monitoring, the design and plan for the next system upgrade is recommended to be
made.

Data management components are critical components within a flood forecasting and

warning system, and in general are used to support the following main functionalities:

- pre-processing and provision of input data for the hydrological forecasting models;

- implementation of real-time data and products workflows between Flood Forecasting
Centres;

- postprocessing of model results and generation of final hydrological forecasting and
warning products;

- hydrological forecasting model configuration, calibration and validation;

- supporting forecasters training activities.

When designing the Flood Forecasting and Warning Systems, and especially the data
management part, it is recommmended to follow a modular, flexible, robust structure ap-
proach in order to support the Hydrological Forecasts Centres to operate and elaborate
the official forecasts and warnings under different type of failure scenarios for the data
communication, and/or different flood forecasting system components.

The significant increase in the complexity of data management processes, embedded in
the National Flood Forecasting and Warning Systems, require proper maintenance activ-
ity and the strengthening of the IT support (skilled staff) and the IT capabilities (resources,
tools, services) dedicated to flood forecasting, in the individual forecasting services.

In order to accelerate the general improvement and adoption of new advanced tools on
data management related to flood forecasting activities, it is recommended to improve
the cooperation among the hydrological services within the Danube River Basin by or-
ganising regular expert meetings on flood forecasting.
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5.4 E-learning on flood and ice forecasting practices

WINNIN0002777 1Idiko Czeglédi
VIZITERV Environ Ltd., Hungary

The main goal of the e-learning course elaborated in the framework of DAREFFORT pro-
ject is to provide the necessary information for the future professional users of the data
exchange system developed by the project, as well as to support the better understand-
ing of flood and ice forecasting in general, and to represent the Project's contribution to
this field.

Specific requirements of the e-learning course are defined by the Application Form of the
project. Based on these, three main target groups have been identified for the e-learning
course:
1. Broad public: everyday people, having no background knowledge of flood fore-
casting or hydrology, with a general interest in the topic.
2.National/regional public authorities: potential users of the EnviroNet data exchange
system and/or of the future DanubeHIS, with assumed background knowledge, in-
terested in practical, actual information. This group includes the decision-makers of
these authorities as well, with assumed background knowledge, more interested in
strategic and policy aspects.
3. Higher education and research: university students and researchers, with as-
sumed background knowledge, interested in the scientific background and how is
it applied in practice.

The project partners have agreed at the 3. project meeting in Bratislava, that Moodle' will
be used as the framework for our e-learning course, as it is a widely used, open source
platform, and there are positive experiences about previous uses of it within our partner-
ship (UL). Besides Moodle enables a lot of activities (tools) that facilitate the practical use
of the course.

First, a list of topics have been suggested by WPS leader than refined and discussed with
LP and involved partners. Based on this, the modules (and the topics they cover) have
been defined and assigned to a partner who will be responsible for the elaboration of the
content.

The course includes 10 modules covering various relevant topics, aimed at the different

target groups, and referring to the outcomes of the DAREFFORT project where appropri-
ate.

" https://moodle.org/
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The material itself include presentations, videos, excel sheets, word, pdf documents, links
and images as appropriate and necessary considering the given topic and the targeted
stakeholder group.

In terms of graphic design of the course, the requirements and recommendations of the
“Danube Transnational Programme Visual Identity Guidelines for Projects” is applied.

The structure of the DAREFFORT e-learning tool is described in the table below:

Module title PP responsible
for content
1. Introduction to Flood and ice forecasting in the Danube River VIZITERV
Basin
2. Flood forecasting and warning systems UL
3. Hydrological and meteorological monitoring networks and UL
real-time data acquisition
4. Forecasting the formation and evolution of ice phenomena OVF
on rivers
5. Flash flood forecasting and warning NIHMW
6. Verification of hydrological forecasts NIHMW
7. The EnviroNet data exchange system VIZITERV
8. Data life cycle STASA

9. Representative National Flood Forecasting and Warning Systems | NIHMW
within the Danube River Basin

10. Representative Regional Flood Forecasting and Warning NIHMW
Systems within the Danube River Basin

The elaboration of the course was supervised by WP5 leader and coordinated by LP, both
contributing to the content as well.
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Firstly, the structure and design of the learn-
ing material were defined in the 4th period of
the project. Following this, the content of the
modules were elaborated and uploaded to our
e-learning test site by the responsible partner
in the 5th period. Finally, all project partners
and strategic partners performed a thorough
testing of the beta version in each partner
country and prepared a Test report about their
findings. Altogether, more than 200 detailed
remarks were received and handled during the
finalization of our e-learning tool in the last pe-
riod of the project.

The final version of the DAREFFORT E-learning
course is publicly available on the official web-
site of the project (http:/Mmwww.interreg-dan-
ube.eu/approved-projects/dareffort).

Structure and design

Content

Testing

The whole course can be explored as a guest, or the progress and test results can be
tracked and recorded with a free registration, enabling the integration of the course into
higher education curricula or into training programmes of potential users of the data
exchange platform.

= . #
“lnterreg H@ EnviroNet Gl & Register W login
Dandbe Tranationas Fapramime

> Modules

i K

Welcome to the DAREFFORT E-learning Course!
You can explore the whole course as a guest or you can track your progress and test results with a free registration.

Available modules

1. Introduction to Flood and ice forecasting in the Danube
River Basin

In this module you can find interesting information about flood and ice forecasting practices in the Danube River &9
Basin and a short introduction of the DAREFFORT project which provided framework for this e-learning course. This

module does not require any background knowledge on the topic. It is recommended for anyone seeking more
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The first module mainly designed for the broad public and those seeking summarized
information about flood and ice forecasting in the Danube River Basin or about the DAR-
EFFORT project itself. This module does not require any background knowledge on the
topic and also includes interesting information, videos and images on the most historic
past flood events on the Danube.

The second module includes the basic concepts of flood forecasting and warnings (why
forecasting and why warnings) and what is needed for flood forecasting (models, data,
etc.) is elaborated. In the third module, the basic concepts of the hydrological and me-
teorological monitoring, data collection, processing and dissemination and data acqui-
sition are presented. The course is dedicated to professionals and students with basic
knowledge about main hydrological and meteorological processes.

The fourth module is about the river ice phenomena. It presents the ice cover monitoring
in the Danube River Basin, and describes the theoretical background of river ice forecast-
ing: the formation of ice, water energy balance, river ice freeze-up, ice cover breakup,
disappearance of ice. Also introduces the river ice forecasts of the National Hydrological
Forecasting Services.

The fifth module is about flash flood forecasting and warning. It describes particularities
of Flash Flood generation mechanisms and early warning systems for flash floods fore-
casting. The future needs and research priorities, for improving the monitoring and fore-
casting systems, to better support the flash floods warning process are also discussed.
The sixth module presents the general concepts and methods for the hydrological fore-
casts verification process.
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The seventh module describes the EnviroNet data exchange system, developed by the
DAREFFORT project. The learning material includes the presentation of the basic con-
cepts of the system, and the complete User Manual of the software on Userland servic-
es (Data nodes, the central web service), Developer services (Distribution nodes, Client
nodes, the API system and more), and on Operating a service - running a distribution
node.

@«
DAREFFORT

“lnterreg @ EnviroNetZ

Danube Transnational Programme

& Register %) Login

& Modules
6. Verification of Hydrological Forecasts

General concepts and methods for the hydrological forecasts verification process.

Teacher: Marius Matreata

~

. The EnviroNet data exchange system

4/ £
% » Basic concepts

EnviroNet

Userland services (Data nodes, the central web service)
» Developer services (Distribution nodes, Client nodes, the API system and more)
Operating a service - running a distribution node

Teacher: Bertalan Hais

8. Data Life Cycle

This course deals with the Data Life Cycle. It is adressed to the target groups of Public, Professionals and Education. &

Teacher: Philipp Lied|

9. Representative National Flood Forecasting and Warning Systems within the Danube River
Basin

&
» Representative National Flood Forecasting and Warning Systems in the Upper Danube River Basin - general
description; input data; modelling components; main hydrological forecasts and warning products; needs and plans
for development.

The eighth course deals with the Data Life Cycle. It is addressed to the target groups of
Public, Professionals and Education as well. It contains information on the purpose of
common data exchange; and answers the questions of ‘what kind of data is collected?’,
and ‘where does the data come from?’ It also presents the data providers of the par-
ticipating countries, shows which data is delivered by each provider, compiles the used
methods of data acquisition and transfer and includes a few typical case studies. It also
covers WaterML 2.0 specifications, description and how to use it, an overview of the data
structure and description of the common data model.
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The last two modules introduce the Representative National (9.) and Regional (10.) Flood
Forecasting and Warning Systems within the Danube River Basin. The topic reviews eight
national systems in the basin, presenting their general information, modelling compo-
nents, products characteristics, and future development plans. The last module describes
concepts and main objectives; input data; modelling components; main products; ongo-
ing and future plans for development for the following:

- European Flood Awareness System (EFAS),

- Flood Forecasting and Warning System for the Sava River Basin (Sava FFWS),

- South-East Europe Flash Flood Guidance System (SEE-FFGS), and the

- South-East European Multi-Hazard Early Warning Advisory System (SEE-MHEWS-A).
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5.5 Summary of the presentations at the first DAFF

Conference

INN000200777/  Presentations by: EU-JRC, Austria, Bulgaria, Croatia, DHI-Czech Rep., Germany,
Hungary, ICPDR, Romania, Serbia, Slovakia, Slovenia, Ukraine, Rhineland Pfalz

4-5. February 2019, Vienna

Emergency ‘Which added value can | get from :

Management EFAS? h
Medium range, probabilistic, European wide flood foflecasts
(up to 10 day lead time)

i *Multiple weather forecasts Moda
*5km spatial resolution H
L *Persistence graphs — return period hydrographs 525 —

Post-processed, bias correct forecasts

Flash flood indicators with a lead time up to 3 days &
based flash flood now-casting i 8

EFAS Flood & Flash Flood Notifications to all partners ' Y

basin level I
Monitoring of national flood alert exceedances *' s Lled
" Soil moisture, snow maps, anomalies =

Hydrological seasonal outlook

Impact forecasts and pre-tasking of Copernicus EMS rapia
mapping

I Key words: Medium range flood forecasts; Flash flood indicators; Notifications to all partners;
Monitoring of national flood alert exceedances; Soil moisture & snow maps; Hydrological sea-
sonal outlook

1st Periodic Meeti iith = : N - 1
Capttaiieaion Evert and Flow of information in a dedromformatlcs systems

Danube Forecasting Forum Data > Models > Knowledge > Decisions

Earth observation, Numerical Weather ~Data modelling, Access to Decision
OVERVIEW OF THE REAL-TIME HYDROLOGICAL montoring Prediction Models  infegration with modeling ~support
FORECASTING MODELS FOR LARGE RIVER e 3 eadte Ly
SYSTEMS WITH A VIEW OF IDENTIFYING it
POSSIBLE DEVELOPMENT DIRECTIONS

Andrés SZOLLOSI-NAGY

National University of Public Service (NUPS)
Faculty of Water Science
Institute for Sustainable Development Studies, Budapest

I Key words: Real-time, Operational hydrological forecasting models; State-space analysis:
Discrete models; Structural-stochastic recursive models; Lessons learned and outlook

Danube Flood forecasting & warning:  ICPDR The Danube River Basin District within the European Union
ICPDR & DAREFFORT T ~— Implementation of Flood Directive in the Danube Basin

Characteristic numbers:
* 10% of Europe

« 801,463 km?

« 83 mil inhabitants

* 19 countries

Karoly Gombas
Igor Liska

Most international river basin in the world.

I Key words: Flood Action Programme; Basin-wide targets; Improvement of flood forecasting
and early warning;
Sub-basins; EU Floods Directive; Danube Declaration 2016, Danube Hydrological Information
System
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Danube River Basin Enhanced Flood Forecasting
Cooperation

Fundamentals of flood forecasting modelling

Ing.Jan Spatka, Ph.D. / DHI Crach

Meteorological
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Rainfalls + flows
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I Key words: Principles of Flood forecasting systems and system architecture; Data collection;
FF system solution, Integration platform; Mathematical model structure
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“loterreg M !
Ownie maionarogaems SHMU

International data exchange™=>-

+ Germany.
anar s temperature, snowcorer

© Vantemet- water stage, discharges

re, westherconditions,snow cover,frecastofwater stages

cistofpreciation

+ viaemai-snow cover depth

temperature,

I Key words: Measurement network-hydrology; Measurement network-meteorology;

SHMU'’s data policy; Stations for DanubeHIS;
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Republic
Hydrometeorological
Service of Serbia

Dejan Vladikovié¢

2% Biennial Danube Forecasting Forum,
05.02.2029.

i D

Preparation of hydrological
forecasts requires cooperation
between hydrologists and
meteorologists

For river which runs throi
several countries, co {
is maintained on intel

level

I Key words: Organizational structure of RHMS; Meteorological and hydrological station net-
work; Early warning and alert process; Location of Serbia; Basic climatic feature; Surface wa-
ter balance; Flood vulnerability in Serbia; Flood protection organization; Weather forecasting

products; Information systems

‘ e Interreg W

WP3: Status quo of the Danube regional flood and ice forecasting
systems and methodologies

Country report: Bulgaria

Assoc. Prof. eng. PhD Georgi
eng. Vesela eng. Valeria eng. Silvia
eng. Nikolai Nedkov, eng. Mariana Asenova

National Institute of Meteorology and Hydrology — PP8

Hydrometric network

Bulgaria
conventional - 194
automatic stations - 109
operational stations - 68
Danube basin

B conventional stations 66
automatic stations - 28

operational stations - 25

http://hydro.bg/
hitp://www.meteo.bg/bg/rekiTablitsa

I Key words: Historical facts; Hydro-meteorological network; Data flow, data processing, data
exchange; National hydrological forecasting service; Hydrological models; Structure of the

early warning system

Interreg H "

Danube Transnational Programme

The way forward in relation to WP 3
Mitja Brilly and Mojca 3raj

1st periodic partner meeting and capitalisation event,
4 -5 February 2019, Vienna

Project: Danube River Basin Enhanced Flood Forecasting Cooperation

VIZTERV, OVF, STASA, ECONOMICA, SWME, SHMU, CW, NIHWM, NIMH BAS, UL,
UHMC, ICPDR, MFAT, ARSO, MOP, JRC, WMO, ISRBC, BMLFUW, STMUV, CHMI,

a

Interreg H u

Danube Transnational Programme

Detailed schedule
(be careful on the earlier end of periods —i.e. the end of the
2nd period is 30th April 2019)

I Key words: Detailed schedule; National reports; Questionnaire; The way forward; Flood and ice
forecasting systems country sheets; Map of network
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Transnational Cooperation in ;' s i
Flood Forecasting on the River Rhine

M—-—-—

Dr. Sven van der Heijden
i State Agency

Cooperations of German FWCs

Data flow of forecasting calculations:
e~ between German Centers

4~ between German Center and Center
in neighboring state

@ state Flood Waming Center

(© Regionai Fiooa warming Center

@ Fiood Warning Centerof State and WSV

@ Fiood Warning Centeroutside of Germany

@ Fodera Martime and Hydrographic Agency

@ NRW. State Agency with district councels and water
bords

Number n circles: published forecasting gauges
ch contor

von van dor Hojdon - Rhine Transnational Cooperation side

I Key words: River Rhine Overview; Flood forecasting in Germany; Responsibilities for flood warn-
ing along the River Rhine; Agreement of cooperation, Forecasting chain; Data transfer and

models; Flood portals

1st Biennial Danube Forecasting Forum
(DAFF)

Country report: Romania

Marius Matreata, NIHWM - Romania

“lnterreg

5 February 2019, Vienna

National hydrological monitoring network

I Key words: Overview of the Romanian Danube River Basin; River network; Regional meteoro-
logical centers; National forecasting center; Cross border collaboration;, National Forecasting

and Modelling System

C)

Hungarian Hydrological
Forecasting System

Andras Csik

General Directorate of Water Management
8 (OVF)
7]
>
o A
< &
interreg H
8 Danube Transnational Programme

s DAREFFORT

)

WATER VISION

OUR

Data exchange

Types of data exchange:

+ International/bilateral conventions

* Inter-institutional agreements

+ Webpages of (hydro)meteorological organizations

Hungarian Regional
Water Directorates (1

Hungarian
eteorological Service

W
-
NS

o o)
=

\

/IA'D HHFS [
\*3 -

Danube Transnational Programme.
DAREFFORT

I Key words: Geographical features; Hydrological simulation and forecasting system;
Data exchange; Produces/outputs; Hydroinfo Dissemination System
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DAREFFORT
(DAnube River Basin Enhanced Flood FORecasting CooperaTion)
Periodic Meeting, 4-6th February 2019, Vienna

DANUBE RIVER in AUSTRIA

FORECASTING SYSTEM(S)

+ Hydrological model with 90
subbasins

+ Hydraulic model for 1-D

R _ | unsteady flow

— T |+ Leadtime48h

+ Simulation every 1 h

DI Franz Higer, Office of the Provincial Government of Lower Austria, 2019-02-05
www wasserstand-niederoesterreich.at IE

wwnon gvat

I Key words: Hydrological network/surface water; Meteorological data; Forecasting systems;
9 forecast-stations along the Danube; Data flow and cooperation; Data dissemination
and publication

sTAsA o 3. The hydrological forecasting service e
Steinbeis Angewandte &
Semananie oo “lnterreg H :
S Organizational structure
Danube Transnational Programme
DAREFFORT

1st Biennal Danube Forecasting Forum (DAFF)
02/2019

Country Report: Germany

P Menchanneis ) Available

websites:
https:/iwww.hnd .bayern.de/
hitps:/iwww.gkd.bayern.de/

STASA G | v stasade W 3: Coury Reort Germany u

I Key words: The Danube in Germany; Hydrological and meteorological forecasting service;
Monitoring and data inventory; The process of hydrological forecasting; Modelling systems

| Centers of Hydrological Forecasts I

UKRAINIAN
HYDROMETEOROLOGICAL CENTER

System of monitoring and forecasting
in the Ukrainian part
of the Danube basin

I Key words: Centers of hydrological forecasts; Hydrological observation network; Data process-
ing, database; Main types of hydrological forecasts; Main hydrological models; Main users of
hydrological forecasts
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