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Smart Toolbox for Engaging Citizens
into a People-Centric Observation Web

Abstract
Whilst citizen participation in environmental policy making is still in its infancy, there are signs of a
growing level of interest. The majority of citizens, though, both as individuals and as groups often
feel disengaged from influencing environmental policies. They also remain unaware of publicly
available information, such as the GEOSS or Copernicus initiatives. The SCENT project will alleviate
this barrier. It will enable citizens to become the ‘eyes’ of the policy makers by monitoring landcover/use changes in their everyday activities. This is done through a constellation of smart
collaborative technologies delivered by the SCENT toolbox in TRLs 6-8.

This report includes a detailed list of all available in-situ monitoring systems available in the two
pilot systems, accompanied by a recording of associated environmental parameters. This recording
listing is offered in the form of ‘data map’, as a GIS product.
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ANM

National Agency for Meteorology

Ro Waters

National Administration “Apele Romane”

APM

Environmental Protection Agency
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Citizen Observatory/ies

Copernicus
EMS

Copernicus Emergency Management Service

CORINE

Co-Ordinated Information on the Environment

DCP

Directorate of Civil Protection / Attica Region
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Danube Delta Biosphere Reserve Authority

DDNI

Danube Delta National Institute
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Digital Elevation Model

DOW

Directorate of Water
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European Commission

EJ
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EKAV

National Centre for Emergencies (Greece)

EKEPY

National Centre for Health Operations (Greece)

EMY

National Meteorological Service (Greece)

EPA

Environment Protection Agency

FG

Focus Group

FRM

Flood Risk Management

GEOSS

Global Earth Observation System of Systems

GIS

Geographical Information Systems

GSCP

General Secretariat of Civil Protection (Greece)

GSM

Global System for Mobile Communications
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HCMR

Hellenic Centre for Marine Research

IMG

Image

iOS

A mobile operating system created and developed by Apple

INHGA

National Institute of Hydrology and Water Management

IPP

Integrated Product Policy

IPS

Public Health Inspectorate

ISU

Danube Delta Emergency Situation Inspectorate

IT

Information Technology

KPI

Key Performance Indicator

LiDAR

Light Detection and Ranging

LC

Land Cover

LU

Land Use

LUCAS

Land Use and Coverage Area Frame Survey

MOD

Modelers

NGO

Non-governmental Organization

NMSES

National Management System for Emergency Situations

NOA

National Observatory of Athens

OGA

Water Management Office

OGC

Open Geospatial Consortium

OPEKEPE

Greek Payment Authority of Common Agricultural Policy

QI

Questionnaire Interviews

QR code

Quick Response Code

RRI

Responsible Research Innovation

SENS

Sensor

SGA

Tulcea Water Management System

SME

Small and Medium-sized Enterprise

SMS

Short Message Service
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SMT

Smart Collaborative Technologies

SPRS

Sensor Platform and Remote Sensing experts

SSH

Social Science Humanities

VGI

Volunteered Geographic Information

WebGIS

Online Geographical Information Systems

WFD

Water Framework Directive

WP

Work Package

WWF

World Wildlife Fund
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Executive Summary
Deliverable 1.2 aims to document the available monitoring infrastructure that is installed in the pilot sites
of SCENT: -Danube Delta (Romania) and Kifisos River (Greece)- in connection to the hydro-environmental
aspects of flood related issues. It provides a detailed description of the monitoring strategies of both
monitoring systems regarding water quantity and quality. In order to complement the scientific
measurement schemes -that take place on continuous basis- with supporting information regarding
aspects that influence the flood generation mechanisms in both rural (Danube Delta) and urban (Kifisos)
settings, field measurement campaigns of the SCENT volunteer groups are proposed to be organized
during project timeline.
The deliverable firstly introduces the reader to both Danube Delta and Kifisos water systems, by
describing: (i) the general geographical characteristics of both pilot sites, (ii) the history of floods events
and the related impacts on both natural and anthropogenic environments, (iii) the national and European
institutional and legislative framework associated with flood management, (iv) the most recent flood
events recorded in both pilot sites as reference events and (v) the specific areas where the demonstration
campaigns will take place. Next, the available monitoring infrastructure is thoroughly described in terms
of both type of measuring equipment as well as of measuring method. More specifically, the deliverable
provides a detailed documentation of: (i) location of existing hydro-environmental monitoring points for
surface and groundwater quantity (e.g. level, discharge) and quality (e.g. chemical and hydrobiological
composition), hydro-meteorological observations (e.g. climate stations); (ii) types of measuring protocols
within the existing infrastructure (continuous and/or campaign-wise measurements, frequency of
measurements etc.); (iii) reference measuring sites for volunteers observations (e.g. critical locations for
photographic measurements in relation to the flood phenomena prior and posterior the events). The
inventory of monitoring stations is also offered in a web application for an easy online accessibility.
Locations with relevant codification of the aforementioned points are additionally presented in the
Annexes.
Subsequently, the deliverable includes the application of the Expert Judgement and ontological analysis
methodologies, aiming to provide a deeper insight into the scientific or operational areas of expertise of
the SCENT stakeholders as well as to analyse the interactions between the relevant organisations in the
different phases of a flood. Finally, SCENT Deliverable 1.2 provides two pilot-specific land cover/use
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taxonomy systems that will be used as reference systems for the case of urban and rural flood cases. Both
developed systems are based on the CORINE taxonomy system, and are extended accordingly in order to
cover all aspects that are related to flood risk and flood pattern determination in the SCENT pilots.
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1. Introduction
This report aims to provide insights in the starting point of the SCENT Citizen Observatory (CO) in terms
of existing infrastructure, existing monitoring systems and some discussion on the existing legal and
administrative framework that relate to flood monitoring and management in the two pilot areas. Thus,
the report is focused on the two pilot regions and attempts to provide a holistic insight on the current
status of flood monitoring in each region and reveal the complementarity of the SCENT CO to the existing
frameworks.

1.1 Purpose of the Document
The aforementioned high-level goal is pursued through a detailed description of the two pilot cases,
providing information on the pilot characteristics and importance, some historical data and references
concerning flood events and of their impact, and an analysis of the specific area where the pilot campaigns
shall be realised and where the modelling for producing flooding patterns (Danube Delta pilot) and flood
risk and vulnerability maps (Kifisos catchment pilot) will refer to (Section 2). After setting the scene, the
available in-situ monitoring systems and equipment are described per pilot, stating their purpose, the
beneficiaries of these systems and providing information about their locations in the pilot area (Section
3). Through descriptive diagrams and a web application that showcase the monitoring stations, the
positions where in-situ monitoring coverage is low are revealed which essentially dictate the places where
the SCENT CO can mostly contribute to, acting as a complementary crowd-sourced monitoring system.
Moreover, biodiversity aspects and the importance of the flood events to the flora and fauna of the
ecosystem, investigated in the frame of Task 1.3 ‘Citizen Observatories for EcoStatus determination’ are
explained for the Danube Delta case.
Following this benchmarking of equipment, another type of benchmarking and assessment is provided
(Section 4); the one of SCENT external stakeholders’ profiles and expertise in the two pilots. In this
analysis, the stages of flood monitoring and management that the experts are involved in are explained
as well as the domains of expertise or their roles relevant to SCENT purposes. This is done through an
Expert Judgement Assessment analysis. The latter is complemented by a set of Key Performance
Indicators that the stakeholders have assessed and/or proposed for the evaluation of the SCENT pilot
demonstrations, for the impact of the project and finally for SCENT toolbox performance and usefulness.
Section 5 presents an analysis that attempts to map the interactions between different organisations and
The research leading to these results has received funding from Horizon 2020, the European
Union’s Framework Programme for Research and Innovation (H2020/2014-2020) under grant
agreement no 688930.
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components of the existing monitoring systems in the Danube Delta case. Finally, the report concludes
with discussing the SCENT taxonomy in Section 6, i.e. it identifies the land-cover/use types that are
dominant in the two pilot areas as well as some important Points of Interest (PoIs) that have an impact to
the flood phenomena. A comprehensive set of these land-cover/use types and PoIs is listed and their
relevance to the SCENT objectives is explained.

1.2 Intended Readership
The work presented in this report addresses the needs of the following stakeholder groups:
•

Researchers, scientists and industrial organisations, internal and external to the SCENT

partnership that would like to have an overview of the description of the two pilot areas, of the current
infrastructure and systems that are in place for monitoring and managing floods and of the current
challenges that the SCENT CO will attempt to address through the use of crowd-sourced information.
•

Authorities (local, regional or national) relevant to urban planning for flood prevention (Kifisos

case), to civil protection, to implement the 2007/60 Flood directive, to monitor and preserve the local
ecosystem (Danube Delta case); due to the fragmentation of information, a document that provides an
overview of the existing systems and policies is useful for the authorities as a benchmarking document.
The report also intuitively discusses the location points inside the two pilot areas where the in-situ
infrastructure is more limited, thus revealing the potential of crowd-sourced data to complement existing
systems.

1.3 Relation with other SCENT deliverables
The present deliverable is in close relation to D1.1 SCENT Stakeholder analysis and End User Requirements
since (i) the collection and consolidation of existing in-situ monitoring systems in the two regions was
performed through the participatory methods described in D1.1, i.e. the questionnaires, interviews,
online surveys and the focus groups; (ii) the viewpoints of experts regarding the SCENT Key Performance
Indicators for the evaluation of the project were gathered during the focus groups. Moreover, the
description of the pilot sites and the SCENT taxonomy are important inputs that affect the following
deliverables: (i) D1.3 SCENT toolbox system requirements, in the sense that the existing infrastructure will
dictate the necessity of additional in-situ sensors and systems to be placed for calibration of the crowdsourced information, (ii) D6.1 Report on the developed models for the two pilots using existing data
(hydrodynamic model for Danube Delta and hydrological model for Kifisos), as these models shall be built
The research leading to these results has received funding from Horizon 2020, the European
Union’s Framework Programme for Research and Innovation (H2020/2014-2020) under grant
agreement no 688930.
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on existing in-situ data. Finally, due to the SCENT taxonomy description in the current report, D1.2 will
serve as an input for the D5.1 SIE service internal requirements, analysis and architectural design as well
as for MS10 ‘Collection and Annotation of Representative Land-Cover Image Datasets completed’ as the
definition of the taxonomy of images that the SCENT Intelligence Engine will annotate and classify is the
basis of these two project outcomes. Finally, D1.2 is closely linked to the evaluation of SCENT (reflected
in D7.4 Evaluation of the SCENT toolbox), as it discusses some user-driven indicators for the acceptance
of SCENT toolbox among external stakeholders, both with respect to the success of the pilot campaigns
as well as referring to the SCENT impact and sustainability prospects

The research leading to these results has received funding from Horizon 2020, the European
Union’s Framework Programme for Research and Innovation (H2020/2014-2020) under grant
agreement no 688930.
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2. Description of SCENT pilot sites
2.1. Pilot region in Danube Delta
2.1.1. Introduction – Geography
The general geographic characteristics (Figure 1) of Danube Delta, can be summarized as follows:




Total area and Boundaries: the total area of Danube Delta Biosphere Reserve is of 5.800 km2
more than half of which (3.510 km2) belong wetland delta area itself, while the remaining area is
shared between the upstream Danube floodplain (Isaccea-Tulcea sector 102 km2) the RazimSinoe lagoon complex (1.145 km2), the Black Sea coast waters (1.030 km2) as far as the minus ( –
) 20 m isobath, and the Danube river reach (Romanian side) between Cotul Pisicii and Isaccea (13
km2 ).
Geographical coordinates: 45˚24′30″ north latitude and 28˚10′50″ east longitude at Cotul Pisicii,
45˚9′30″ north latitude and 29˚42′45′′ east longitude east of Sulina, 44˚ 20′40′′ north latitude and
29˚19′20′′ east longitude at Chilia Veche.

Figure 1 Geographical location of Danube Delta biosphere reserve (Danube Delta Atlas, DDNI, 19922000)

The research leading to these results has received funding from Horizon 2020, the European
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2.1.2. History of Floods, Determining Factors and Consequences
The Danube River is the longest river in the European Union region, located in Central and Eastern Europe,
linking most of the countries in South East Europe (Figure 2). Thus, the improvement and good examples
of trans-national cooperation of all countries in the catchment of this river can be a good example for the
whole region1.

Figure 2 The Catchment area of Danube River within Europe (Danube Delta Atlas, DDNI, 1992-2000)
Danube river reach that is of interest for SCENT project starts at Ceatal Izmail, which is located between
Chilia branch (117 km length) to the north, Tulcea branch to south (19 km) and continues to Sulina,
covering a total of 91 720 ha. This area continues to expand as a result of the combined action of the river
flow, with an average 6473 m3/s of water flow and 58 million tons /year of silt; and the action of the shore
waves at the sea side. Due to the diverse geo-climatic conditions prevalent in the Danube Delta, different

1

http://www.danube-floodrisk.eu/2009/11/about/
The research leading to these results has received funding from Horizon 2020, the European
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types of natural disasters impact at different scales depending on the vulnerability of the area affected.
Though it is not possible to completely avoid natural disasters, the damages can be minimized by creating
proper awareness of the likely disasters and their impact by developing a suitable warning system, disaster
preparedness and management of disasters through the use of information technology. The technological
changing trends have opened up a large number of scientific and technological resources and skills to
reduce disaster risk (A.Gupta, 2006).
The inundation of the deltaic space, as a complex hydrologic process, is very important in the dynamics of
evolution of all the components of the natural system. Closely dependent on the Danube waters regime,
risk of getting inundated is due to both the alluvial processes (in the surface at high levels, and linearly at
low levels), and the water supply of inner lacustrine depressions. The latter is the degree of renewal of
water transported in a proper circulation system and ensures the normal evolution of terrestrial and
aquatic ecosystems.
Moreover, the flooding of the delta area results in restrictions regarding permissions for building
depending on the size of the buildings, settling and dwelling areas. The flooding of the delta is conditioned,
mainly, by its hypsometric characteristics, amplitude and periodicity of maximum high water levels of the
Danube as well as the protection of some areas against inundation through structural measures or via
water divergences.
Before the execution of the protection dykes, in 1956, the flooding of the inner delta areas would start
when the Danube water levels were higher than 150-160cm Black Sea level (B.S.l.) in Tulcea. Before any
such flooding takes place the inner wetland area lakes would communicate very little among themselves,
through a network of streams and canals. The flooding of the inner areas and consequently the water
circulation used to intensify starting with water level rising from 1.50 m to 3.05 m; from 3.05 m-3.75 m
upward (that is a level of 350-375cm B.S.l. at Tulcea) the Danube waters used to overflow the longitudinal
river sand banks. Thus, the inner delta inundation process covers a very large area. When the Danube
level used to exceed 4.25m (about 425cm B.S.l. at Tulcea), the non-dammed longitudinal river sandbanks
were completely flooded, the level in the inner delta being the same with the level in the branches. When
reaching over 4.5m, the water level in the inner river-sea delta reaches and even exceed the level in the
Danube branches, overflowing back to the main river reach.

The research leading to these results has received funding from Horizon 2020, the European
Union’s Framework Programme for Research and Innovation (H2020/2014-2020) under grant
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As opposed to the past, analysis of the nowadays inundation pattern in the Danube delta becomes a
complex task because about 31.2% of the Danube Delta (100,000 ha) is surrounded by dykes and is not
subjected to floods.
The Emergency Situations Management System
The Emergency Situations Management System (which includes the enclosures and defence dykes along
Lower Danube, as shown in Figure 3) is provided by the components of the National Management System
for Emergency Situations (INHGA, 2016), as per Romanian government law OUG. 1/2014 for measures in
relation to manage emergency situations. The institutional and legislative framework regarding flood
protection and management contains a set of Laws and Government Emergency Ordinances (the GEO no.
21/2004 approved with amendments by Law no.15 / 2005, as amended by Ordinance 1/2014, Order no.
1422/192/2012).

Figure 3 The enclosure and embankments along the last part of the Danube –(source INHGA, 2016).

The research leading to these results has received funding from Horizon 2020, the European
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In general, the emergency management principles are:
•

Prediction and prevention;

•

Priority of protecting and saving life;

•

Respect for human rights and fundamental freedoms;

•

Emergency management accountability by government authorities;

•

Cooperation at national, regional and international bodies and similar organizations;

•

Transparency emergency activities so that they do not lead to deteriorating effects;

•

Continuity and gradualness management activities in emergencies, from the local administrative

authorities to the central public administration authorities, depending on the extent and intensity;
•

Efficiency, active cooperation and hierarchical subordination of the National System components.

•

The current system of warning - alarming the population on the Danube downstream from Iron

Gates I and II until flowing the Black Sea is based on existing sirens in localities; however, they are in most
cases outdated.
Monitoring of water levels and discharges in the Delta area is done by Romanian Waters national agency
that has a local water management office (SGA) in Tulcea, and by the Romanian National Meteorological
Agency. Monitoring network is comprised of: 67 hydrometric stations (of which 4 are automated and 2
hydrological stations in Sulina and Tulcea, belonging to Romania Waters – SGA Tulcea) and 5 weather
stations (in Tulcea Gorgova, Mahmidia, Sulina and St. George) and 2 rain gauge stations (Sulina and Tulcea)
belonging to Meteorological Agency.
2.1.3. Recent floods in Danube Delta
The historic flood of April 2006, that continued its impact during the month of May as well, had a
maximum flow at the entry of the country (Bazias section) of 15,800 m3/s representing the highest flow
of all measurements so far. Important exceeds of water level, flooding all along the Danube, led to strong
seepage through the embankments. All these actions have affected the stability of the dyke which led
ultimately to its destruction and consequently to flooding of the agricultural facilities and urban areas,
causing the most significant damage. The total cost of the losses was estimated to be about 340 million
Euros.
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During 2006 flooding several embankments have collapsed, which led to the flooding of an area of 17,600
hectares. At the same time, to protect some of the villages in the delta while still mitigate the flood, several
breaches were done in the dykes of the downstream enclosure. This measure flooded 51,735 hectares of
land. In total 87,000 hectares were flooded, of which 64 350 hectares of farmland. Around 3,000 homes
and 16,000 barns and other buildings were destroyed (Figure 3). More than 15,000 people were
evacuated.
In June-July 2010, the discharge on the Danube was at a high value of 13 350 m3/s, which created flooding
on the lower floodplain, after receiving the water input brought by Siret and Prut. Danube flood of JuneJuly 2010 was composed of two consecutive peaks. Maximum flow rates entering the country (at Bazias)
were 13,200 m3/s in mid-June and 13,350 m3/s in the beginning of July.
The main causes that led to the floods in June and July 2010 were based on weather conditions (high
quantity of precipitations) corroborated with high water levels which resulted in flow rates and significant
liquid precipitation on extended areas in the upper and middle Danube’s hydrographical basin (i.e. 100230 mm in the upper basin of the Danube and 100- 200 mm in the Sava basin). The first peak of the flood
of 13,200 m3 s was recorded on 13.06.2010 and produced by a flood on the Danube (in the upstream
sector of Bogojevo), whilst there were increasing continuous flow in Tisa river in early May. The second
peak of the flood of 13.350 m3/s was due to increase flow rates in the Sava and Morava basin.

Figure 4 Images from recent flood in the Danube Delta pilot.
Significant increases in discharges on Siret river (observed at SH Lungoci, where the maximum flow
recorded was 2,600 m3/s on 1.07.2010) and the long duration of flows (INHGA, 2016) elevated water levels
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on the Danube, leading to exceedance of the design flood values for the embankments of Braila - Galati
sector in early July. On 01.07.2010. The dike Ceatalchioi city broke up creating flooding of the agricultural
enclosure of Sireasa( 5000 ha). In particular, 4550 ha of harvests, out of which 1,050 ha of barley harvest
stage, 1,500 ha of corn plantation and 2,000 ha of maize sunflower were affected. The flooding of Sireasa
enclosure resulted in a water level drop on Danube of 20 cm in 2 hours at Tulcea and Galati.
According to the official press release by the Committee for Emergency Situations of Tulcea, 152 people
were evacuated, including 85 people in the town Smârdan, 32 - Pătlăgeanca 20 - Ilganii de Sus 6 - Plaur
and 9 - T. Vladimirescu; in total, 240 houses and 700 households were damaged (Figure 4).
2.1.4. Economic activities
The tendency of over-exploitation of the natural resources, that brought important changes in the delta
subsystems, has caused the derangement of the natural equilibrium: the disappearance of some zones of
fish natural reproduction and of other animal species, the clogging of natural streams and characteristic
landscapes, the cutting of some oversized channels. Negative effects generated by the human activity
inside the delta, as well as those more intensely generated in the hydrographic basin have influenced the
balance of the natural ecosystems. Therefore, it is necessary to take measures for reducing these effects,
recovering the affected zones and protecting the existing ones that are of high value.
In order to have a registry of the economic activities in the DDBR territory, the inventory of the economic
agents in different villages and cities was compiled by the Statistical Abstract of the economic agents in
the County of Tulcea, and made publicly available by the Chamber of Commerce and Industry (Tulcea
Chamber of Commerce, 2017). This registry contains identification data and activities to be developed.
2.1.5 Sontea Fortuna region for the SCENT pilot campaigns
Within SCENT project the selected area to serve as a pilot is Sontea-Fortuna, that has an area of 91 720
ha, bordered to the north by Chilia Branch, levees of Stipoc and Chilia; and by Tulcea and Sulina branches
in the south (Figure 5). At west is Ceatalul Izmail and in east the Letea Levee, specifically its extension,
called Raducu, the Old Danube arm of Ceamurlia islet.
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Figure 5 The Danube Delta pilot area within SCENT project
Sontea Fortuna area is important because of the activities that were always carried out in it. Most varied
works (dredging, cutting channels) for economic improvement were done in this area. Due to its location
in the Danube delta it constitutes an important hub in realising the flow circulation in the area. Sontea
Fortuna area is closely interconnected with several area and is influencing their good or bad functioning
regarding water content and flow.
This unit is characterized by a wide variety hypsometric and genetics, encompassing witnesses of land
predeltaic (Chile and Stipoc), river levees, depression areas intense alluvial (Sireasa and partly Pardina
now Facilities Agricole), and a vast depression lacustrine (Fortuna).
In terms of the terrain altitude and usage the area inside Sontea-Fortuna pilot are distributed as follows:
- 7.380 ha over 3.50m above the Black Sea, are used for agriculture, forestry and human settlements;
- 6,350 ha between 3.50 - 2.50m are generally wet meadows and forests of populous, willows, etc;
The research leading to these results has received funding from Horizon 2020, the European
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- 11,990 ha between 2,50m - 1,50m are semi-permanent wetland;
- 69,000 ha under 1,50m lake cuvettes are generally used for fishing and reed exploitation;
The space between Chilia and Sulina suffered a strong anthropogenic pressure in recent decades, about
43% of its surface is surrounded by embankments in order to be used for various economic purposes,
which have negative consequences for the ornithological colonies areas Nebunu Lake and Purcelu.
Given the dominant influence of the main river the majority of canals in this area are wide and are used
to permanently refreshening of the water of the great lake complexes. In these conditions the lakes from
Tataru area are heavily silted by the waters loaded with solid sediments that come directly from Danube,
this phenomenon manifesting less to the eastern sector except for Furtuna Lake.
The total number of lakes in the area is 92 with an overall area of 3705.32 ha, out of which Furtuna Lake
has 964.40 hectares; 264.61 hectares Baclanestii Mari Lake; Ligheanca Lake with 250.61 ha; 229.15 ha
Tataru Lake; Lung Lake with 238.85 ha, 147.99 hectares for Mester Lake; and Nebunu Lake with 124.16
ha.
Many of old streams such as Sireasa or Sontea were transformed into cannals. The meander, known as
little ,,M", irtually disappeared as natural existence due to the Sulina canal dredging. The vast majority of
the canals are oriented according to the direction of Danube River’s leakage, such as Sireasa Olguta,
Sontea, Papadia but not Mila 35.
With the exception of the small areas in the western Tataru’s sector, that holds normal drinking water
(mineralisation<0.5 g / l), the rest of the sector has allowable drinking water (mineralisation 0.5 - 1 g / l)
and the water level varies between 1 - 2m deep.
An interesting process of a subsector of Tataru is that lakes have suffered intense transformations of initial
shape, being today more elongated within the sense of siltation. For the entire analysed sector the shape
coefficient is virtually higher than the major sectors from the delta, namely 0.61.
Due to its location, which favoured an advanced silting process, the studied sector does not have
depression areas under sea level. The siltation process through ponds and canals is basically the highest
in the Delta.
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Interconnection of water of the Danube arms and lacustrine depression is done through a network of 542
km of streams and 386 km of channels (channels cut especially after 1964, mostly for reed exploitation),
intended to ensure, among other things, appropriate water circulation to over 106 lakes (prior
arrangement of Pardina and Sireasa subunits their number was 278). Currently every month of June at
high water level, 1% of the entire unit is covered with water.
Basically Chilia Branch is dammed from Ceatalul Chiliei to Chilia, water penetration is possible only
through the channel Mila 35 (west of Pardina village). Sireasa Canal, vital for this unit (which continued
with Şontea Channel till Mila 23) was closed of Chilia Branch.
Natural hydrographic structure changed after World War I by building canals and corrections of channels,
but especially after 1961 due to the building of embankments for agricultural planning, when the Sireasa
Polder was done on 5.000 ha. By building these embankments dams along with the ones for defense of
settlements like Tudor Vladimirescu (Tulcea), Patlageanca, Ceatalchioi, Sălceni, Plauru, Ilganii, the
functionality and viability of the system of water circulation were affected just by their relationship of
interdependence with flooding. In this respect, the hydrological interpretation and statistical analysis are
based on dynamic measurements of changes in the level and flow and meteorological data.
In the context of the SCENT project, in order to assure a better flood protection and management in the
area, three features are important to note: Defending settlements against floods, Water Circulation
System and Ecosystem services under climate change.

2.2 Pilot region in Kifisos, Attica
2.2.1. Introduction – Geography
Athens is the capital and the most extensive urban area in Greece, in the region of Attica. The city is
situated in the central part of the country and is built in a morphologic basin, formed mostly by Kifisos
River that occupies an area of approximately 534km2. Kifisos basin is a topographically well-defined
catchment that is developed within the mountains of Penteli (1,108m alt.), Parnitha (1,413m alt.), Ymittos
(1,025m alt.) and Aigaleo (468m alt.) mountains and the Mediterranean Sea (Saronikos Gulf) in the south.
This is depicted in Figure 6.
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Figure 6 Overview of the entire Kifisos catchment, river network and surrounding mountains
During the last century the basin has been a rapidly evolving urban centre, while nowadays, approximately
68% of the basin is occupied by urban expanses with 4 million inhabitants. This rapid development has
affected the capacity of natural drainage network as parts of it were shrunk and critical cross sections
were diminished. Previous studies have shown a growing flooding problem, enhanced by urbanization
with a record of at least 52 major flood events between 1880 and 2010. In addition this rapid development
both in terms of population and spatial expansion is believed to have led to a poorly-planned urbanization
of a significant part of the basin. As the population density increased, so did human activities and
infrastructure in the vicinity of its ephemeral watercourses.
With respect to its climate, Kifisos basin is a typical Mediterranean semi-dry area with a mean annual
rainfall of approximately 390mm (Koutsoyiannis and Baloutsos, 2000) to app. 1000mm on the highest

The research leading to these results has received funding from Horizon 2020, the European
Union’s Framework Programme for Research and Innovation (H2020/2014-2020) under grant
agreement no 688930.

Page 25 of 111

D1.2 – Benchmarking of available in-situ infrastructure

altitudes of the mountainous zone, while 50-100 rainy days are recorded as an average annual. It contains
a poorly developed river network that is dominated by streams of ephemeral flow, whereas the area is
subject to an urban heat island phenomenon that affects temperature and in turn other atmospheric
properties over Athens. The mean annual temperature varies between 16oC to 18oC, depending on the
altitude as well as the distance from the coast, while the annual atmospheric temperature range is app.
16oC.
With respect to geological setting, Athens basin is dominated by alpine (marbles, schists, limestones and
sandstones) and post-alpine rocks (Neogene and loose Quaternary formations). Carboniferous and
Quaternary formations are the most common hosts of aquifers in Athens Basin mainly in its west and
north parts. The conceptual hydrogeological model of the underground water system of the metropolitan
area of Athens involves a highly complicated karstified system of the mountainous zone (dual porosity
due to fractures and large karstic conduits), that surrounds the underlying unconsolidated aquifer system
of Kifisos river. The underlying aquifers are recharged by the river through its natural watercourse (mainly
within its northern upstream part); while the southern part of the aquifer system is artificially and
incidentally recharged by leakages from the stormwater/wastewater/water supply networks (combined
with lateral recharges from the karst systems, direct infiltration from precipitation and irrigation return
flows from urban green areas).
2.2.2. History of Flood Events, Determining Factors and Consequences
Kifisos has a very rich record of floods (Koutsoyiannis and Baloutsos, 2000; Evelpidou et al., 2009; Diakakis
et al., 2012) and is considered to record one of the highest frequencies of flooding in the last decades in
the country (Diakakis et al. 2012). A (Diakakis, 2013) study identified 52 flood events inducing 182
casualties across Athens basin, which, with the addition of 3 flood events in 2013, 2014 and 2015 and one
fatality, reach the total of 55 floods and 183 deaths in the period 1880-2016. This catalogue can be
considered as a complete inventory of flood events and fatalities in the study area as it encompasses all
available sources of data, including official agencies archives, scientific sources and press databases. The
distribution of flood frequency across the basin can be seen in Figure 7.
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Figure 7 Maps of the study area showing (a) the number of times that sections of the drainage network
have overflowed and (b) the total number of flood events that occurred within each administrational unit
in the period 1880-2010 (Diakakis 2013)
The same study showed that the months with the highest occurrence of events are November and
October followed by April, and the season with the higher percentage in flooding incidents is autumn. It
was also found that flood events in Athens basin show an increasing trend within the period in question,
and even though fatalities do not show a corresponding rise, they still remain a problem.
Detailed observations of spatial distribution of floods show that a large part of the drainage network has
experienced flood phenomena. Most of the floods occurred near the coast at the mouths of the Kifisos
and Ilissos Rivers, however, research shows a gradual migration of flood incidents towards the newly built
parts of the basin. In detail, results show that after 1960, the number of flood incidents in the central part
of the city and the basin is greatly reduced and a migration towards all directions is recorded. However,
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the prevalent shift is the one towards the west. After 1980, the increase in the southern suburbs flood
event becomes clear and a migration is recorded from the western part towards the northwest.
Meanwhile, the western part of the basin presents a substantial decrease in numbers, although flood
incidents still exist after 1980 in this area. This trend is attributed to:
(a) structural measures taken after flood events in the central parts of the drainage network that gradually
improved the discharge capacity of the rivers, mitigating the local flooding problems. Such measures
included building restrictions in the vicinity of rivers, bridge redesign using more durable construction
materials (such as reinforced concrete) and higher safety standards. In addition, in parts of the river
network where floods occurred repeatedly, embankments were developed and channels were improved
using gabions and concrete walls that provided higher discharge capacity, stable riverbanks and reduced
erosion rates.
(b) a poorly planned urban development in the newly built parts of the basin, with diminished cross
sections, structures built in close proximity to the river course and low quality infrastructure including
bridges, roads and storm drainage.
Except the direct effects, recent research shows that flood phenomena have multi-fold effects that
eventually have impacts on the local economy. Mitsakis et al. (2014) study quantifies the storm’s impacts
on vehicular traffic in terms of operational disruptions during the event, by analyzing various trafficrelated indicators, such as travel time, delays, speed drop and re-routing of vehicles, using data from the
Athens Traffic Management Centre and urban freight vehicle fleets. Results show increased travel times,
significant changes in routing and substantial speed drops, highlighting the disruptive effects of the
flooding event on traffic.
2.2.3. Recent flood in Kifisos River in 2013
An example of a recent flood event is the one occurred in February 2013, as shown in Figure 8. On Friday
February 21st 2013, the western part of Greece was affected by a low barometric which moved from the
shore of North Africa towards the south parts of the Ionian Sea. The system moved eastwards over
mainland Greece and eventually over Athens during the night of the 21st. Perpendicular positive vortices
and the atmospheric instability caused the activation of the cold front just after 4:00a.m. of the 22nd
February. After the first hour of the storm (shortly before 5:00a.m.) cool air masses were confined to the
lower atmospheric layers, creating the conditions for strong upward movements that triggered more
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precipitation. The system was trapped over Athens basin for a prolonged period of time, leading to a refeeding phenomenon and resulting in increased rainfall amounts. Although precipitation was firstly
recorded in the western part of the city, the system expanded eastward relatively quickly, affecting the
central and north-eastern parts of the Athens basin, which accumulated the highest amounts of rainfall.
The ensuing flooding had the particular characteristics of a flash flood.

Figure 8 (a) Map of the flooded locations, along with scenes from the time of the flooding within Athens
basin (b, c, d, e) [Source: Diakakis et al., 2016; Fire Service Database 2013].
2.2.4. Institutional framework and administrative/operational issues
At national level, the institutional and legislative framework regarding flood protection and management,
is governed by the following:
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Law 3013/20022 “Civil Protection and other provisions”,



Law 3199/20033 “Protection and Management of Waters – Harmonization with the European
Directive 2000/60/EC”,



Joint Ministerial Decision 31822/1542/Ε1034 that incorporates the European Directive
2007/60/EC and Circular 7824/16‐11‐2011 of the General Secretariat of Civil Protection
“Management and civil protection action plans for hazard confrontation due to flood
phenomena”.



Presidential Decree 696/19745 “Determination of principles for design -and related guidelines
such as Guideline for Road Works Design- for the Drainage and Hydraulic Works for Road
Construction

Greece, as a European Member State is obligated to implement the following European Directives, in
relation to Floods:


Directive 2007/60/EC of the European Parliament and of the Council of 23 October 2007 on the
assessment and management of flood risks6 widely known as “Flood Directive”



Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000
establishing a framework for Community action in the field of water policy7 widely known as
“Water Framework Directive”

The Special Secretariat for Water (Ministry of Environment & Energy) is the Governmental Agency
responsible for the development and implementation of all programs related to the protection and
management of the water resources of Greece and the coordination of all competent authorities dealing
with the aquatic environment. The implementation of the Water Framework Directive and the Flood
Directive as well as the related daughter Directives fall within the scope of the activities of the Secretariat.
The Secretariat, in collaboration with the Regional Water Authorities, formulates and, upon approval by
the National Council for Water, implements the River Basin Management Plans and the national

2

Official Government Gazette 102A/01-05-2002
Official Government Gazette 280A/09-12-2003
4 Official Government Gazette 1108Β/21‐07‐2010
5 Official Government Gazette 301Α/08‐10‐1974
6 OJ L 288, 6.11.2007
3
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monitoring program. The Secretariat is composed of four Directorates and is headed by a Special
Secretary, appointed by the Ministry of Environment, Energy and Climate Change and the Government.
Warning Systems
Regarding current state of warning and response procedures, specifically for Kifisos River, there are no
operational warning systems in place. In the case of hydrometeorological hazards, Adverse Weather and
Hazardous Weather Warnings are issued by the Hellenic National Meteorological Service (HNMS). HNMS
sends these warnings to the Civil Protection Operations Center, which issues public statements in the
media and sends them to relevant authorities and organizations (i.e. Region of Attica, Municipalities and
others). In face of a warning, local authorities increase their level of preparedness, police closes roads and
alert vehicle users for possible dangers.
The Fire Service and the police receive information on the disaster through emergency calls, intervening
to rescue somebody or recover something and in the meantime pass the information to the Civil
Protection Operation Center, which is responsible for coordinating the operations. Local authorities’
technical and civil protection departments are responsible for keeping lifelines (including roads)
functioning, supporting logistics and carrying out emergency maintaining on water or sewage mains. In
addition, local authorities (municipal and regional) are responsible for evacuation and shelterdevelopment operations.
In general, natural hazard warnings in Greece are handled by the General Secretariat for Civil Protection
(GSCP). In a state level GSCP is responsible for coordinating relevant authorities at a national level.
Nevertheless, when a disaster or emergency is of small importance, coordination is handled by the
respective civil protection department at a regional or even municipal level. GSCP is also the body
responsible for requesting civil protection contributions from the EU Civil Protection Mechanism.
Moreover, GSCP is responsible for declaring a Region in a state of emergency, to enable additional support
efforts. Search and rescue operations are handled by the Special Disaster Management Unit, in
cooperation with the National Emergency Aid Centre (ΕΚΑΒ).
2.2.5. Hybrid Model for Kifisos River pilot region
Due to the wide geographical coverage of the Kifisos River basin and the scarcity of in-situ monitoring
stations with respect to river discharge, the approach that SCENT will take is hybrid:
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(1) A combined hydrological and hydrodynamic model of the entire catchment will be developed, on
which citizens will contribute with qualitative information such as reporting on water level and flows
(where possible). The entire catchment of Kifisos is shown in Figure 6; at the southern and
downstream parts of Kifisos, the main course of the river and its tributaries flow through a denselybuilt part of the city’s urban fabric. In this part, large sections of the drainage network were gradually
either channelled, using artificial concrete banks, or were completely covered and converted into
underground waterways. This channelization processes begun in the early decades of the 20th century
to enhance protection against a rich record of erosion and flooding phenomena. These different types
of river bed settings were mapped and are illustrated in detail in Figure 9.
(2) A detailed hydrological and hydraulic model will be designed for a sub-catchment located in an
upstream part of the Kifisos catchment. The sub-catchment (encircled clearly inside the red line of
Figure 9) is situated in the upstream part of Kifisos, dominated by urban fabric in its southern part
(area called Agioi Anargyroi) and central part and with significant parts of industrial and residential
land. A large part of the mountain torrents draining the southeast parts of Parnitha Mt. and Penteli
Mt. are ephemeral natural streams outside the urban area. The subcatchment area is 136.5 km 2,
drained by a low-density river network. Within the sub-catchment there are at least 8 meteorological
stations (7 of the National Observatory of Athens and 1 of the Hellenic National Meteo Service)
including quite a few near the drainage divide.
This model will be used for flood risk assessment because authorities are having already flood risk and
flood vulnerability maps available and through SCENT, more detailed maps may be provided. For this casestudy the citizens will collect soil moisture, land-use/cover images, river conditions, water level and water
flows.
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Figure 9 Sub-catchment of Kifisos where more detailed modelling will take place. The image includes the
locations of existing meteorological stations.
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3. Description of Available in-situ monitoring systems
3.1. Existing in-situ monitoring systems in Danube Delta pilot
3.1.1. Introduction
In DDBR, the purpose of integrated monitoring is to obtain images of the state of the environment at a
time as well as the historical trend of two basic components - the biotic and abiotic environment - in their
interconnection. The complexity of interactions between biotic and abiotic factors requires tools,
methods and techniques to generate a sufficient amount of usable data for the three basic types of
activities in environmental monitoring:
(i)
(ii)

(iii)

The first activity involves measurements and observations for an accurate description of the
environment and its changes,
The second activity is the assessment of environmental data to determine their use for the
development of an early warning system for Natural and Technological Hazards (such as
pollution, floods, fire, loss of species) to limit the consequences of major accidents to humans
and the environment.
The last activity involves elaborating scenarios to avoid environmental damages and assuring
optimal environmental management choices.

Monitoring in DDBR doe not only provide the basis for formulating environmental policies but also allows
for the evaluation of the effectiveness of these policies. Efficient aggregation of this data to achieve the
objectives of monitoring is always a challenge due to the use of always changing/innovative techniques
and of diverse environmental characteristics in the different areas of DDBR at different scales of time and
space.
The Organization of monitoring during the recent years has followed an integrated approach for
monitoring the qualitative elements correlated with quantitative elements at Danube Delta (biological,
socio-economic elements), taking into account the interdependencies of cause and effect of point
sources, diffuse sources of pollution, water quality correlated with pollution associated sediments and
suspended matter, pollution-generating target groups, water circulation system, precipitation.
In Romania the phrase integrated monitoring was introduced by the Emergency Ordinance 195/2005 on
environmental protection and updated on 01.01.2012 defining environmental monitoring as
"surveillance, forecasting, warning and intervention to assess the systematic, dynamics and qualitative
characteristics of the environmental features in order to improve quality and condition of their ecological
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significance, evolution and social implications of the changes, followed by appropriate action." In the
context of the natural ecosystems monitoring in the Danube Delta, this is translated as the requirement
to record ambient conditions and involves actions aimed at alarming authorities responsible for their
management in response to reported changes.
In practice, in DDBR, the monitoring program is divided into several sub-programs that are linked through
analysis of several quality indicators. The values of the indicators are determined by a unified
methodology at all stations of the monitoring network, thus achieving the support of an Integrated
Monitoring System, structured based on international rules, being part of regional and global monitoring
systems. The monitoring activity is defined as a systematic collection of data from the four compartments
of the environment (air, water, soil and biota) – considering the unique biological resources of the Danube
delta – and takes place in conformity with the objectives pursued by the Environment Integrated
Monitoring System from Romania and provided by the DDBR Authority (DDBRA) Management Program.
The activity aims to achieve the following objectives:


the continuous information about the state of the quality of the environment factors at any
moment, enabling the evaluation in time of the effects of the human-induced factors on the
biological balance of the zone, as well as the appreciation of the tendencies that appear in the
evolution of the ecosystems and taking the measures of ecological recovering of the affected
zones;



the permanent information about the state of the natural resources, in order to establish the best
limits of exploitation and put into practice the strategies for their long lasting capitalization.

These requirements can be achieved by observing, recording and measuring the following component
parts:
(i)
(ii)
(iii)
(iv)
(v)

the quality of the environment factors,
the biodiversity,
the natural resources,
the economic activity and
the human settlements.

The aforementioned objectives are achieved by processing the data from the institutions which have
permanent activities for observing the quality of the environment factors, from the statistical institutions
and, last but not least, from the DDBRA experts, and by using the ecological agents. Moreover, in 1994
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the physical and chemical test laboratory was founded in DDBRA to ensure the quality control of the waste
waters produced by the important economic agents, analysis of the surface water quality in points or
sections that are not included in the national monitoring program, as well as analysis in cases of accidental
pollution and tests of the micro-polluting agents (organo-chlorinated pesticides).
The monitoring of the environment factors quality is performed by taking over the following types of
data from the National Institute of Hydrology and Water Management (INHGA) and National Agency for
Meteorology (ANM) – Bucharest, the Hydrological Station – Tulcea, the Water Management Office –
Tulcea, Sulina, the “Apele Romane” Water Administration (Ro Waters), the Public Health Inspectorate
(ISP) – Tulcea, the Water Exploitation and Management (WEM) – Tulcea, the Environment Protection
Agency (EPA) – Tulcea, the Danube Delta National Institute (DDNI) – Tulcea, as well as the DDBRA:


climate data: temperature, wind direction and speed, rainfall quantity and other weather parameters
from the eight weather stations in the DDBR perimeter (on a daily basis);



hydrology data: levels, liquid and solid flows, water temperature, freeze state, mineralogy degree and
basic chemical composition;



air quality data: daily values at Tulcea in two checking points;



radioactivity data (global β) of the surface water, of the drinking water, aerosols, atmospheric
depositions, earth and vegetation – statistical data presented monthly in synoptic tables issued by the
Environment Protection Agency;



data regarding the quality of the surface water from the reservation aquatic ecosystems. The
ownership, recording and analysis of the tests made by the DDIRD in the database have been carried
out since 1982, with data constantly being updated and processed. Other data were taken over by
the EPA, namely the daily tests of the Danube water in the test points Mm 38 ÷ 500 – right bank as
part of the quick data flow, and the complete tests achieved during the seasonal campaigns.

3.1.2. Danube Delta Biosphere Reserve Monitoring Challenge
The objectives of the Danube Delta Biosphere Reserve (DDBR) Monitoring Challenge are the following:


Provide funding and new positions for natural resource stewardship to add to DDBRA services
capability



Inventorise and monitor the vital signs of natural systems



Engage the scientific community and the public, and facilitate their inquiries
The research leading to these results has received funding from Horizon 2020, the European
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Share the information widely

The long term goal, with respect to the monitoring challenge of Danube Delta Biosphere reserve is the
Implementation of ecological monitoring in all districts of the DDBR, while the short-term goal includes
the completion of resource inventories as well as the design and realization of monitoring programs.
Role of Prototype Monitoring Programs within National Framework

–
–

–
–

Being Centers of Excellence
monitor the areas of their responsibility in a more comprehensive and more intensive way than
in other protected areas
be responsible for assisting in the design, development, and testing of monitoring protocols and
methods and for providing instruction in their use
Providing Mentoring/Technical Assistance
Prototypes possess a wealth of experience and expertise related to the development and
implementation of ecological monitoring that can greatly benefit other protected areas
Prototype staff advise and provide technical assistance to other protected areas on a wide variety
of technical issues including conceptual design, database management, data integration and
analysis, and reporting of monitoring findings.

3.1.3. Overall Purpose of Monitoring in Danube Delta
Determination of status/trends regarding the condition of biosphere reserve resources


Assess the efficacy of management and restoration efforts;



Provide early warning of impending threats;



Provide a basis for understanding and identifying meaningful change in natural systems
characterized by complexity, variability, and surprises.

Large ecosystems Management


Most ecosystems are open systems, with threats such as air and water pollution, or invasive
species, originating outside of the DDBR boundaries.



The appropriate scale for understanding and effectively managing a resource might be at the
population, species, community, or landscape level, and in some cases it may require a regional,
national or international effort to understand and manage the resource.



The protection and management of a biosphere reserve's natural resources requires a multiagency, ecosystem approach.

The research leading to these results has received funding from Horizon 2020, the European
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Natural Resources Challenge
The Natural Resources Challenge has the following pillars/goals:


Extend Monitoring based on inventories



Collaborate with scientists and others



Improve Resource Planning



Enhance Protected Areas for Science



Assure Fully Professional Staff



Control Non-native Species



Protect Native and Endangered Species



Enhance Environmental Stewardship



Expand Air Quality efforts



Measure, restore, & protect Wetland Ecosystems and Water Resources



Use Nature for Learning

The DDBR Network Strategy
The DDBR network strategy consists of the following key points:


Strategic approach to identify most critical data needs and begin monitoring planning/design
work with minimum infrastructure



Group of stakeholders share consistent funding and professional staff to plan/design/implement
integrated monitoring.



Networks augment and extend the work performed by the biosphere reserve staff.



Provide core professional staff.



Demonstrate the value of scientific data.

Goals of Vital Signs Monitoring


Determine status and trends in selected indicators of the condition of biosphere reserve
ecosystems to allow managers to make better-informed decisions and to work more effectively
with other agencies and individuals for the benefit of DDBR resources.



Provide early warning of abnormal conditions of selected resources to help develop effective
mitigation measures and reduce costs of management.

The research leading to these results has received funding from Horizon 2020, the European
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Provide data to better understand the dynamic nature and condition of DDBR ecosystems and to
provide reference points for comparisons with other, altered environments.



Provide data to meet certain legal base related to natural resource protection and visitor
enjoyment.



Provide means of measuring progress towards performance goals.

3.1.4. Components of existing monitoring system
Hydrological observations
Both the Water Framework Directive and the Groundwater Directive suggest an accurate knowledge of
the interaction between physicochemical characteristics, morphology, hydrology and aquatic ecology. As
per WFD, knowledge is vital to understand the key relationships between pressure and response, in order
to effectively achieve good water status and good water quality in river basins.
In particular, the amount and dynamics of flow, level and retention time for the hydrological regime and
the resultant connection to groundwater bodies should be known. For morphological conditions the
principle followed is to monitor channel variations in width and depth, flow velocities, substrate
conditions and structure and conditions of bank zone/riparian area and the limit for good water status,
linking these conditions with biological quality elements. The Flow regime and its impact on the ecology
should be understood in the context of extreme events such as droughts and floods. It also includes the
conditions of water bodies that do not have a permanent flow regime.
The hydrological monitoring network is carried out on the basis of monitoring - flow measurement
network, using manual sampling and automatic stations:


The monitoring of the hydrological and morphological characteristics of Danube Delta and, in
particular in the following areas: the three main branches of the Danube, the two islands at the
mouth of the Danube Sacalin and Musura, Musura Gulf and the Razim –Sinoe Lagoon;



The identification and assessment of trends in the hydrological and morphological regime of the
Danube Delta, caused by natural and anthropogenic factors;



The forecasting of changes in the flow patterns and hydrological and morphological processes, in
particular in the area along the Black Sea coastline, within the aquatic complexes, and along the
main branches of the Danube River considering the flooding predisposition of the nearby
settlements.
The research leading to these results has received funding from Horizon 2020, the European
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The hydrological monitoring program involves the following activities:


Implementation of regular observations in the existing hydrological monitoring network and
additional agreed monitoring locations in the Danube Delta;



Organization and implementation of specialized field surveys designed to track changes in the
hydrological processes in the Danube Delta due to natural and human intervention factors;



Continuation of the hydrological and morphological monitoring process during a relevant period
in order to determine the hydrological and morphological changes of the Danube Delta.

Field measurements for the hydrological regime study are performed for the following characteristic
elements of the water flow (Cioacă et al, 2009).
A. Morphological elements:


Longitudinal size and shapes of channels - longitudinal profile represented by XYZ8 georeferenced
points of the bottom bed at the lowest elevation, called thalweg bed, relative referring to the
water surface, refering to the Black Sea Sulina reference plane. This profile reveals the depth
variation of the channel, along the entire length;



Size and shape of (canals, lakes) beds - three-dimensional representation of XYZ georeferenced
points of the riverbed, from the surface of the water surface, refering to the Black Sea Sulina
reference plane. This representation is the morphological configuration of the river.

B. Hydraulic parameters of water flow in natural /artificial riverbeds, predetermined gauging sections
along the channels and lakes (shown in Figure 10), namely:


Water levels - absolute water surface elevation,



Water velocity,



Water discharge,



Silt concentration in the water, carried in suspension,



Solid discharge - sediments transportation.

8

for georeferencing (spatial / global referencing) and, simultaneously, to represent three-dimensional bed, geographical
positioning data of each profile bed point (X - longitude and Y - latitude) and depth data of each point (Z – bottom altitude of the
bed, m rMNS, referenced to Black Sea Sulina reference system) are used.
The research leading to these results has received funding from Horizon 2020, the European
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The described following parameters are acquired with the existing logistics:
1.
2.
3.
4.
5.
6.


H – Water level;
T – Water temperature (oC);
P – Transversal and Logitudinal Profiles;
Q – Water Flow Discharge;
V – Water Velocities ;
M – Multibeam Data – 3D model of river bed/bottom lakes;

Sensors
o Singlebeam Ecquipment:
 Sonar Single Beam OHMEX SonarMite (SM2HPR)
 GPS Antenna Trimble Zephyr
 Receiver Trimble Recon PRO-XH
o Multibeam Equipment:
o Equipment GPS
o Hydrographic equipment HydroSurveyor M9 (Acoustic Doppler Current Profiler), sensor for
measuring the water discharge and velocity in deep waters.
o Hydrographic equipment - FlowTracker for measuring the water velocity and discharge for
shallow waters.
o Topographic equipment Levelment Leica
o Topographic equipment Total Station Sokkia
o Topographic equipment GPS standalone Garmin Map64
o Topographic equipment GPS standalone Garmin Etrex, 2 pieces
o Topographic equipment GPS standalone Garmin MAP64, 1 piece
o Data Logger, cable connection, 10 pieces
o Data Logger, wireless connection, 3 pieces

The research leading to these results has received funding from Horizon 2020, the European
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Network of hydrometric gauges
for water level
Network
of
hydrometric
sections
for
discharge
measurements and sediments
assessment

Figure 10 The network of gauges and hydrometrical sections on Danube Branches and canals
3.1.4. The Danube Delta hydrographical network water level measuring
The water level measurements are of particular importance in achieving rating curves and hydraulic
models calibration and, with respect to the flooding phenomenon in determining the amount of water
flowing over the floodplains and/or in the delta area. The quantitative water level in the Danube Delta
hydrological network reflects a real flow of trade between the Danube arms and the interior deltaic
lowlands and has a seasonal character. Thus, if during a low regime, these exchanges are easily
identifiable through a network of streams and canals, during high levels the water river inflow into inland
areas does not appear to be organized by the aforementioned network, interfering, even at the top of
the delta. A generalized drainage surface; obviously, for all hydrographic arteries path - streams, canals,
is more active in creating the water circulation in flooding times. From this point of view, a surface water
discharge was more obvious in the past, even if limited to short periods of time, and it had significant
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impact both to washing and the reduction processes of the harmful substances and to the dynamics of
alluvial processes.
Currently, the embankment of many surfaces within the delta and closer to the main arms of the Danube
river has led to a quasi-channelization, eliminating largely unorganized water flow at high water levels and
directing the river water to the eastern extremity of the delta, thus increasing the velocity of flow to the
sea. The obstruction of the water ingress through a series of canals and streams located on top of the
delta (ex. Sireasa Litcov - it was reopened in 1990 etc.) and the concentration of others in the eastern half
of it (ex. Crisan-Caraorman, Probe etc.), has contributed to an imbalance of water circulation within the
delta. Thus, in the western half, where the degree of planning by dams is higher, there is not an active
water circulation through a network of streams and channels, while in the fluvial-marine area, which is
less influenced by engineering works, the water circulation from the interior is more active but not always
well distributed.
Water circulation between the river branches of the delta and inland lowland ensures that there is a global
and reciprocal exchange of substances and energy through a network of streams and canals. In the year
1988, the total length of the streams and canals (excluding those from the enclosure areas), is estimated
at 1,668 km corresponding to a density of 0,277km / km2.
This dense network, vital to the very existence of the delta, is not conceived and organized for this purpose
today. The natural hydrographic network function was before human intervention, targeted for the
natural delta’s own evolution; the occurrence or contrary silting of streams was the natural result of some
natural law specific to each sector, but integrated into a single system. Thus, a series of natural waters
arteries appeared and evolved, such as Sireasa, Şontea and Lopatna in the space between Chilia and Sulina
branches, and Rusca and Perivolovca between the Sulina and St. Gheorghe branches, as well as the old
brook of Dunavăţul, at the southern of Sfantu Gheorghe branch. It is worth noting that some water routes
lead the water on the line of the greatest slope from west to east in general, being parallel to the river
branches, while others follow a path perpendicular to its morphometry or temporary characteristics of
the Danube arms.
Triggered by regulating and canalizing the Sulina Branch at the end of the last century, the human
intervention in the delta river system was increasingly worse due to the economic and social
requirements. The creation of short channels with a fishery interest naturally gave way to their gradual
The research leading to these results has received funding from Horizon 2020, the European
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transformation to major channels requested by increasingly diverse and complex exploitation of the
natural resources (fishing, reed, transport) as Dunavăţ, Dranov, Eracle, Litcov, Dandelion, Crisan,
Caraorman Sondei and Mila 35 channels etc. Also a very dense network of canals is designed for water
drainage and desiccation of the dammed areas. All this contributed to the disruption of water circulation
system with consequences on the state of delta ecosystems.
The water level represents the position of the free surface of the Danube river/streams/channel or a lake,
reported to the zero plane of the gauge (plane through the lower limit of the gauge). This amount varies
with time, both due to a varying water discharge and the dynamic of morphological changes and also due
to the bottom bed. Thus, determining the level of "0" of a gauge is very important. Reporting it to one of
the reference systems has often led to errors with repercussions to measurements – it is very important
that the chosen reference plane is well defined. The reference system is a conventional plane where the
depths are reported. It is referenced as a hydrographic "zero". This reference plane should be situated
below the lowest possible water level and its measurement process differs from the sea to the river. The
conventional baseline for a sea without tides (eg. Black Sea) was calculated using data supplied by a
hydrometric station for at least 30-50 years period of measurements. For Romania, the ‘zero’ surfacelevel is the medium level of a quiet surface of the Black Sea. The fundamental Zero point is situated in the
Constanta port marked into a concrete monolith. Due to the fact that the sea level is variable, in 1975 this
was recalculated based on the sea water level measurement observations from the Constanta harbor and
became the National Reference System. The respective devices installed are automatically recording
changes in the water level. They can float or they can measure the water pressure. That from Constanta
port is of a floating type. In relation to the systems used for works along the Danube, the reference Black
Sea 1975 - official reference system - is 34,2cm above Sulina measured for the Black Sea in 1870 and
considered at the rate of 1,08m on a lead plate embedded in the Sulina Lighthouse foundation - and 28cm
below the "0" level of Baltic Sea Kronstadt.
To correct the measured depths referred to zero hydrographic in areas with hydrotechnical works
hydrometric stations were installed. A hydrometric station facility consists of measuring device and
leveling mark. Measuring device may be a gauge or a sea water level measurement device.
Daily average levels result from the arithmetic average of levels recorded form a gauge or a limn-graph
on that day. Results of average values recorded are between 7 and 17. Typical monthly and annual levels
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are based on the arithmetic mean of the daily recorded values for a month. Monthly maximum and
minimum values are extracted from snapshots values of a month and not of the daily averages values.
The average annual level results from the 12 monthly mean values. The maximum and minimum annual
levels are chosen from the highest values or lowest levels over a year. In the annual hydrological reports
the daily average levels are referred to the “0” of the gauge or “0” of the graph.
In compiling the chart with daily level oscillations, yearly hydrological data must be extracted from the
station and the river in question. Based on these data, the daily hydrograph is built. An accurate
characterization of the evolution of the water flow regime is given by the chart of levels frequency and
duration. It establishes a ratio between maximum and minimum levels of a year or series of years and a
number of intervals with levels altitudes in cm. In compiling the schedule frequency and duration levels
using a system of rectangular coordinates.
Data from hydrometric measurements for determining the liquid and solid discharge of silt carried in
suspension, comprise hydraulic parameter values of the flow respectively flow section (width and depth
of the section corresponding to water level), water velocity and turbidity.
For measuring this hydraulic parameter, two types of equipment are used, namely:


Flow Tracker for streams with low water depth, to a maximum of 3 m.



River Surveyor M9, for rivers with high water depth, to a maximum of 40 m.

3.1.5. Hydrochemical and hydrobiological monitoring
The fresh water monitoring for hydrobiology and hydrochemistry is realized on the sections presented in
the Annex A1 and pictured in Figure 11.
The parameters and the sampling frequencies are shown in Table 6 and Table 7. The quality class
boundaries are following the Romanian water quality legislation (ORDIN nr. 161/ 2006)
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Union’s Framework Programme for Research and Innovation (H2020/2014-2020) under grant
agreement no 688930.

Page 45 of 111

D1.2 – Benchmarking of available in-situ infrastructure

Figure 11 Sampling stations for physico-chemical and biological indicators (in connection to Table 8,
Annex A1).
Biodiversity
This component is focused on the monitoring of plant and animal communities of the Danube Delta
Reserves.
Specific work tasks:


Analysis of changes in flora communities in the Danube Delta caused by natural and
anthropogenic factors, including the ranking of these factors;



Analysis of changes in fauna species composition and population in the Danube Delta, especially
of herpetofauna, bird fauna, rare species and benthic communities, caused by natural and
anthropogenic factors, including the ranking of these factors;
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The monitoring of flora and fauna communities both in fresh water and marine ecosystems in
Danube Delta including parasite species;



The inventory of identified affected areas, and assessment of the impacts on the state of
terrestrial ecosystems {including bird fauna) in Danube Delta and future trends;



The provision of operational recommendations on the basis of actual data from field surveys and
monitoring activities in order to prevent damages on the environment;



The monitoring of the invasive species.

Network Monitoring Program


Integrated monitoring program: physical and biological resources including weather, air, water,
resources including weather, air, water, geoindicators, T&E species, exotic plants, other flora &
fauna



Integrate DDBR information with other protected areas operations including interpretation,
maintenance, law enforcement



Emphasis on making information more useable; tools such as GIS Theme Manager, DDBR
Database template, DDBR Species, Dataset Catalog, DDBR Bibliography, interconnected web and
distributed databases web.

Monitoring of fish fauna
The objective of this component is to examine the impacts of hydro-engineering construction, fishing
practices and navigation activities on the migratory and native fish species, and develop
recommendations concerning the organization and regulation of fishing activities in the Danube River and
the Danube Delta.
Specific tasks include:


To assess the state of populations of migratory and native fish species;



To assess the status of natural spawning areas and breeding areas for young fish of migratory
species;



To assess the impacts associated with the restoration and operation of navigation in the Danube
Delta on the migratory and native fish species and commercial fisheries;



To develop appropriate recommendations on the organization of commercial fishing activities and
fishery management in the Danube Delta;
The research leading to these results has received funding from Horizon 2020, the European
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The evaluation of damages caused to fisheries by poaching, hydro-engineering activities over the
reporting period, to be based on the actual data from field surveys and monitoring activities.



The main activities under this component include:



The collection and summarization of data on the status of commercial fish species on the basis of
information collected during the field surveys;



The collection and summarization of statistical data on commercial fisheries;



Surveys on the young fish of migratory species to assess the status of natural reproduction
(DDBRA - lsaccea Monitoring Station, Vilkovo - Odessa Centre SSIFO);



The development of proposals on the prevention and minimization of impacts of navigation
routes restoration and operation on fish fauna.

Monitoring of sturgeon
Monitoring of sturgeon stocks is complex, but to have a complete picture, is needed to be followed several
directions:

1. Analysis of the implementation of the Order banning the trade in sturgeon fishing for the next 5 years,
the lower Danube riparian countries agreed in December 2015 to increase efficiency and reduce illegal
fishing.

2. Monitoring the annual sturgeon spawning success.
3. Monitoring annual natural sturgeon recruitment.
4. Determination of sturgeon population dynamics;
5. Analysis of genetic diversity of sturgeon species that spawn in the Danube;
6. The location of essential habitats along the Danube together with Ukr (ex. With Ukraine on Chilia).
7. Monitoring Programme efficiency popular support Danube sturgeon species critically endangered.
8. Development of standardized methods to be used by all research teams sturgeon on the lower
Danube, in order to obtain comparable results.

3.2 Existing in-situ monitoring systems in Kifisos pilot
3.2.1. Overview of information sources and monitoring systems available
With respect to hydro-meteorological data availability, due to the scarcity of instrumental data on river
discharges, information on flood events for the study area has to be obtained from diverse sources
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including: (a) records enlisting damages and fatalities kept by public agencies; (b) published archives of
the properties damaged; (c) press articles and (d) scientific reports. All these sources typically contain
records of damaged properties and infrastructure and detailed descriptions of fatal incidents with details
on the location and the time that they occurred. Discharge measurements have been sporadic due to
damage inflicted on the instruments during floods (e.g. the flood of 2002), while indirect estimations and
simulations have been carried out as well. With respect to hydro-meteorological data, Athens basin
involves a rather well developed network of weather stations; property of academic institutes, research
organizations, water stakeholders (e.g. Athens main water utility, EYDAP), governmental organizations
and ministry departments (e.g. Ministry of Agriculture, Ministry of Environment etc.) some of which are
privately owned. Hellenic National Meteorological Service and the National Observatory of Athens are the
ones that hold the longest time-series; while relevant data are available in 5 or 10 min time steps for most
of their stations which are depicted in Figure 12. The estimated timespan of meteorological data goes
back to 1996 for most stations, however there are cases were daily-rainfall data have a timespan of several
decades.
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Figure 12 Kifisos basin monitoring scheme according to the standards of FWD 2000/60.
With regard to meteorological data, Athens basin is host to a network of weather stations that belong to
the National Observatory of Athens. These data are available in 5 or 10 min time-steps, with their last two
days being available online. Daily records from these stations are available online for their full record. The
timespan of this network varies for each station, with the older stations going back to 2007 and the newer
ones starting only in 2014 and 2015. The stations are well maintained and a detailed record of
malfunctions (when those occur) is also available.
Additional to the above, meteorological data are available from the network of the Hellenic National
Meteorological Service (HNMS) that has 3 stations in the basin. The data are available in 5 min time-steps
since 1996 and hourly / daily since 1955 (in paper mode). The data are not available online but upon
request to the HNMS. The maintenance record of the stations is available from HNMS, but their data are
considered of good quality and have been used repeatedly in scientific papers for the investigation of long
term trends. The above sets of meteorological data (NOA and HNMS) can be seen in Table 9 in the Annex
A2.
Other bodies such as the YPDE (Ministry of Public Works), the Agricultural University of Athens, the
National and Kapodistrian University of Athens and the National Technical University of Athens (NTUA)
also have meteorological sensors within the basin with time steps of 10 mins. Long data series are
normally available upon request, but data for specific dates can be downloaded from an online repository
(just for the NTUA). The stations are well maintained and a detailed record of malfunctions (when those
occur) is also available.
With respect to discharge data, there have been numerous efforts to establish a permanent monitoring
system. However due to three main factors this has failed over the years. Primarily there has been a long
record of damages on installed instruments due to flood flows. For example after a flood in 2002 in the
main course of Kifisos, 2 instruments were completely destroyed and removed from their locations. The
records from these installations are owned by the Ministry of Public Works, Directorate of Hydraulic
Works, in paper mode and are currently under search. In the course of TELEFLEUR project (Telematics
assisted handling of flood emergencies in urban areas, 2000-2003) a network of 8 stage-discharge
measuring stations were installed in the main course of Kifisos and in two tributaries (Podoniftis and Fleva
torrents). These data have a 30-min time-step, recording water levels and calculate discharge indirectly
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Union’s Framework Programme for Research and Innovation (H2020/2014-2020) under grant
agreement no 688930.

Page 50 of 111

D1.2 – Benchmarking of available in-situ infrastructure

through a water stage- discharge methodology. The stations were well maintained but hold a short and
complete record of a few years (2000-2003).
In general, due to the scarcity of instrumental data on river discharges, information on flood events for
the study area were studied until now mostly indirectly, through indirect estimations (for example using
Manning Formula) and through documentary sources including: (a) records enlisting damages and
fatalities kept by public agencies; (b) published archives of the properties damaged and descriptions of
water stage; (c) press articles and (d) scientific reports. All these sources typically contain records of
damaged properties and infrastructure and detailed descriptions of fatal incidents with details on the
location and the time that they occurred.

3.3 SCENT web application for the existing monitoring systems
For an easier and user-friendly presentation of the aforementioned in-situ monitoring stations, SCENT has
implemented a web application, in the form of a GIS map, where the interested parties may have a look
at the different types of stations that exist in the two pilot areas. The stations may be selected per type
of station, whereas selecting individual stations, users may have an overview of other metadata, such as
the beneficiary of the station, the frequency of measurements (eg every 10 minutes, every 24 hours or
campaign-wise) as well as the name of the location. The web application has a zoom capability for the
convenience of the user.
The application is embedded in the SCENT website at the following URLs for each of the pilot areas:



https://scent-project.eu/kifisos-river-monitoring-station-data
https://scent-project.eu/danube-delta-monitoring-station-data

In Figure 13 and Figure 14, some indicative screenshots of the application are shown for the Danube Delta
pilot, the former exhibiting the general user interface with all types of monitoring stations in this pilot,
the latter showing the pop-up window that appears when the user selects a single station which presents
any available metadata for the station.

The research leading to these results has received funding from Horizon 2020, the European
Union’s Framework Programme for Research and Innovation (H2020/2014-2020) under grant
agreement no 688930.

Page 51 of 111

D1.2 – Benchmarking of available in-situ infrastructure

Figure 13 SCENT web application for the presentation of monitoring stations; all types of stations are
shown for the Danube Delta pilot

Figure 14 A view of the SCENT web application when a specific station is selected; the pop-up shows
useful metadata for the monitoring station

3.4 Identification of locations where crowd-sourced information is important
During 28-29 November 2016 and 1-2 December 2016 two Focus Groups in both SCENT case studies were
held in the Tulcea municipality and in Athens, each lasting for two days. The 1st day was addressed to the
Authorities, NGOs, Operational ‘people’ and its main objective was to gather information in relation with
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citizens and volunteers attitude and views regarding their role in monitoring environmental events. The
2nd day gathered all the Experts in order to debate the Existing monitoring system of environmental events
and how they can be extended with the participation of citizens. During the topic of the 2nd day, the
stakeholders were split in 2 groups and asked to draw, on case study map, the places where the volunteers
can be involved and can contribute in collecting data and where the sensors can be placed, apart from the
existing ones (see Figure 15 for the Danube delta case). The map used for this activity contains the existing
and proposed monitoring system in Danube Delta - weather stations, water quality stations and
hydrocarbon stations.

Figure 15 Proposed new monitoring stations as a result of Focus Groups Meeting
The results emphasize that both groups identified the necessity of designing 17 new areas, apart from the
existing ones, where the volunteers and sensors can be placed in order to support the data collection. The
areas cover mainly the Danube branches: Chilia, Sulina and Sfantu Gheorghe, 1 in Musura Golf, 3 on the
coastal line, and another one near Ceatalchioi - a community of delta exposed to a high flood risk (27
affected houses in 2010). In regard to the sensors and type of data to be collected were mentioned
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hydrological data (water levels, discharge), meteorological data (precipitations, temperature,
atmospheric pressure, soil moisture of dykes). The further step of this activity, was to integrate the results
into one map regarding benchmarking of available in situ infrastructure of monitoring systems. The results
of both groups for both days are presented below (see Figure 16 and Figure 17).
On the other hand, Kifisos pilot site is a typical case of Mediterranean urban ephemeral river, that
discharges seasonally into the coast of Attica. Due to its urban character, Kifisos river bed as well as its
floodplain parts, are subject to continuous changes in terms of land use, land cover and human
interventions with the river bed. An updated map of the status of its riverbed is illustrated in Figure 9,
where in combination with the supporting Figure 25 shows a wide variety within different segments in
the entire river course. Since this situation is observed on a continuous basis during the last decades, it
renders Kifisos a very dynamic system, where the flood generation mechanism is subject to many
influences. Today, Kifisos is a mosaic of different types of riverbed conditions, including parts with natural
state, channeled sections, lined with concrete or stonewalls and underground sections. The involvement
of citizens and volunteers in the case of the urban catchment of Kifisos, will be focusing on quantitative
(e.g. direct water level readings) and qualitative (e.g. photographic reporting) measurements that will
partly provide field data of the river as well as updating the status of the riverbed and floodplain sections.
Annex A4 provides a preliminary manual for the volunteers’ involvement in SCENT measurement
campaigns that target to identify features such as:









Type Ι. Locations for suitable hydrological instruments placement
Type II. Locations of Water mains confluence with river network
Type III. Locations with works under progress in the river course
Type IV. River bank erosion / scouring locations
Type V. River conditions capturing
Type VI. Floodplain material capturing
Type VII. Riverbed material capturing
Type VIII. River course type capturing

3.5 Voronoi Diagram Analysis
An efficient operation of a CO is largely dependent largely on planning and the patial distribution of
citizen-generated data points/locations. In the Voronoi diagram analysis, we present the distribution of
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existing monitoring points on the two pilot regions. This indicator shows the area that is covered by insitu monitoring points.
A Voronoi diagram decomposes an area into cells containing the nearest points to a set of initial points
called locations. Using Voronoi cells, we may control the spatial distribution criteria that can be introduced
in optimization algorithms. The Voronoi diagram of a point K (1 <= K <= N) is the set of points into the
plan/area with the property that the Euclidean distance from each point that belongs to a given plot to
that point (K) is less than or equal to the distance to any other N-1 points. Thus, a Voronoi diagram of each
point consists of a convex polygon, and the union of corresponding diagrams of all points will be equal
even framed convex polygon.
In all cases, proximity to target (monitoring) points leads to the creation of cellular structures around POIs.
Essentially, a network analysis through a Voronoi diagram provides spatial dimensionality, thus can
provide a good overview of the existing monitoring of flood control/planning.
The Voronoi diagram of the points of the flood monitoring is done by interconnecting surveillance points
at local, regional, national and international levels. Due to (deployment, installation and maintenance)
cost limitations, an extensive network of monitoring of flood risk using in-situ stations, especially in areas
prone to floods becomes unsustainable, therefore especially in those areas, using the information from
citizens in the patterns becomes apparent.
Being based only on the measurements of institutional networks as is today, firstly showcases the
disadvantage of lack of representativeness of the measurement points. As the fidelity of the
measurements increases with the number of measurement points as well as the measurement frequency,
so that it meets the requirements set by the flood modellers, the existence and maintenance of such an
in-situ network implies significant costs, as well as the existence of sophisticated devices and specialized
personnel. Solving this problem can be achieved by using citizen-generated data and mobile stations
(portable sensors, drones, etc.) as complementary sources of information in the locations that have a
minimum coverage by in-situ systems, bearing in mind the limitations of using low-cost equipment.
In Figure 16 and Figure 17, the respective Voronoi diagrams for the two pilot areas are shown, where the
points of existing monitoring stations are clearly marked. On top of this, in the case of the Danube delta
pilot, the specific points where the stakeholders participating in the focus groups indicated as the best
candidates for providing crowd-sourced information are marked. The complementary relation with the
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former (the in-situ locations) is evident. With respect to the Kifisos case, though the Voronoi diagram
provides useful insight as to the areas where in-situ data is scarce, an additional activity is necessary prior
to determining the exact locations where the citizens shall be directed to: the up-to-date mapping of the
river bank area, which constantly changes due to construction and hydraulic works. In Annex A4, a
descriptive manual is appended where the objectives of this activity are explained.
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Figure 16 Voronoi diagram for Danube Delta Pilot Site.

Figure 17 Voronoi diagram for Kifisos Pilot Site.
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4. Expert Judgement Assessment & SCENT KPIs
In the SCENT Deliverable 1.1 ‘SCENT Stakeholder Analysis and End User Requirements’, the list of
stakeholders that participated to the project participatory methods, e.g. provided input to the
questionnaires through email or semi-structured interviews, to the online surveys and/or participated to
the focus groups organised in the two pilot sites were described. The profile and contact details of each
stakeholder (i.e. related organisation, field of expertise) were provided in D1.1 Chapters 3 and 4. In the
current deliverable and section, this analysis goes one step further, aiming to assess the profiles of SCENT
expert stakeholders with respect to the Citizen Observatories to be established in the two pilot sites,
evaluating two factors:



The specific phase or domain of involvement of stakeholders with respect to flood monitoring or
managements;
The level of direct impact that stakeholders have with respect to the pilot cases;

This assessment will be performed using the Expert Judgement methodology.

4.1. Application of Expert Judgement Methodology in SCENT
Expert Judgement (EJ) allows to gain information from specialists in a specific field through a consultation
process with one or more experts that have experience in similar and complementary topics. Expert
judgment, expert estimates, or expert opinion are all terms that refer to the contents of the problem;
estimates, outcomes, predictions, uncertainties, and their corresponding assumptions and conditions are
all examples of expert judgment. Expert Judgement is affected by the process used to gather it. EJ has
uncertainty (which must be characterized and analyzed) and is conditioned on various factors (such as
question phrasing, information considered, assumptions) (Warwick Manufacturing Group, 2007)9.
During the realisation of the SCENT participatory methods, including Questionnaire Interviews (QI) and
Focus Groups (FG), a comprehensive list of stakeholders was gathered, which is classified based on the
following criteria:
A. Geographical coverage:
a. Local,
b. Regional,

9Warwick

Manufacturing
Group,
2007
Elicitation
of
expert
http://www2.warwick.ac.uk/fac/sci/wmg/ftmsc/modules/modulelist/peuss/slides/section_10a_expert_judgement_notes.pdf
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c. National,
d. International;
B. Type of Stakeholder based on the general structure of a Citizen Observatory:
a. Citizen/Volunteer,
b. Sensor Platform and Remote Sensing expert (SPRS),
c. Modeller (MOD),
d. Civil Protection/Operational,
e. Policy Decision Maker (DMS);
C. Phases of involvement in floods monitoring and management:
a. Preparation (pre-planning),
b. Warning and activities during floods emergency (mitigating immediate risks),
c. Resilience/Recovery (a longer-term activity of rebuilding, restoring and rehabilitating the
community);
D. Data Analysis:
a. User,
b. Data Collection Operator,
c. Developer/Modeller.
For both pilots, the expert judgement and aforementioned classification was conducted for all SCENT
stakeholders who are involved in the process of flood monitoring and management.
4.1.1 Classification of Danube Delta stakeholders
For the Danube Delta case study, very few of the stakeholder organisations involve citizens or volunteers,
namely the following: flood agents of local volunteer emergency services under the Local Council, the field
agents of Tulcea Water Directorate (SGA) and Danube Delta Biosphere Reserve (see Figure 18)Figure 20
‘Geography’ of stakeholders classification in the Kifisos Pilot.. In particular, citizens are involved in flood
management by reporting to the Local Councils and Tulcea Water Directorate (SGA) about the situations
in the field (water level, data regarding damages, houses, flooded areas etc.). In terms of volunteers, there
is the Local Committee for Emergency Situations which is led by the Mayor and includes volunteers such
as chiefs devolved, decentralized, managers and directors of institutions that hold or manage economic
risk sources in the area. Voluntary action in the field of flood risk is realised also by the Danube Delta
Biosphere Reserve Authority (DDBRA) through the involvement of the existing ecological agents. Hence,
the expert judgement multiplexed with the results reported in D1.1 emphasize that the involvement of
citizens and volunteers in the actual monitoring of floods is urgent and necessary. Both citizens and
volunteers can have an important role in all three stages of flood management.
Regarding the types/profiles of stakeholders and their separation into Sensor Platform and Remote
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Sensing (SPRS) experts, Modellers (MOD), Civil Protection/Operational, it can be observed that all the
stakeholders that are dealing with in-situ/sensors development have at the same time expertise in
modelling. Such cases are research institutions, i.e. Danube Delta national Institute, National Institute of
Hydrology and Water Management (INHGA) but also public ones, like Tulcea Water Directorate (SGA)
which has an automatic monitoring system (water levels, precipitations, water quality) in the area.
Furthermore, the Local Councils, Tulcea Prefecture and Danube Delta Operational Centre for Emergency
Inspectorate Situation (ISU) are both modellers and operative bodies in terms of flood management.

Figure 18 ‘Geography’ of stakeholders’ classification in the Danube Delta pilot.
Regarding the phases of managing floods emergency, 9% of stakeholders are taking action in the
preparation and warning phases, whereas 37% of them are participating in all preparation, warning and
resilience phases, as shown in Figure 19:
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9%
27%
37%

27%
preparation
warning+resilience

preparation+warning+resilience
preparation+warning

Figure 19 Involvement of stakeholders in the phases of managing floods emergency in the Danube Delta
Pilot.
4.1.2

Classification of Kifisos stakeholders

For the Kifisos case study, the volunteers are strongly represented in the stakeholders group through the
consortium partners HRTA and SOR. Regarding citizens their representation is through the presence of
Attica region (the regional prefecture) as well as the Municipality of Piraeus. As far as the type of
stakeholders is concerned, NTUA - School of Civil Engineers is doing research in flood risk management,
remote sensing and smart metering; the University of Athens, Geology Department are also involved in
several research projects with flood risk management and GIS applications, whereas the Hellenic Centre
of Marine Research is also a research institute, experts in environmental monitoring, early warning
systems, and forecasting. Sensor equipment companies are represented in the stakeholder group through
the company SCIENTACT. Finally the presence of operational/civil protection organisations was quite
strong in the focus groups through the following organisations and departments: Region of Attica, Civil
Protection, Region of Attica, Hydraulic Works, HRTA and Municipality of Piraeus, being involved in a
regional and local level to flood management especially during the emergency and post-assessment
phases. This is depicted in Figure 20.
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Figure 20 ‘Geography’ of stakeholders classification in the Kifisos Pilot.
Regarding the phases of involvement during a flood emergency, most (i.e. 61%) of the stakeholders are
involved in all three phases (preparation, warning, resilience) as reflected in Figure 21:

Figure 21 Involvement of stakeholders in the phases of managing floods emergency in the Kifisos Pilot.

4.2 Key Performance Indicators for evaluation of the SCENT Citizen Observatory
As a preparation for the focus groups, the SCENT consortium partners compiled a preliminary list of Key
Performance Indicators (KPIs) that are considered important to evaluate the success of the demonstration
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campaigns, the project impact and the acceptance of the SCENT toolbox from the user perspective. These
are not strictly technological KPIs, as these will be described in the frame of ‘fit criteria’ for each SCENT
system requirement in the context of Deliverable D1.3 SCENT Toolbox System Requirements; they are
indicators from the SCENT stakeholders’ perspective as to the acceptance of the SCENT solution during
the pilots and to the impact of the project in general.
Stakeholders have provided their feedback for these KPIs, have proposed some new indicators and the
consolidated list along with a rating of importance may be found in Table 1.
Table 1: Key Performance Indicators evaluated and/or proposed by SCENT stakeholders
Description of KPI

Importance10

WPs

Number of participants in the pilot campaigns

1

WP7

Area covered by the pilot campaigns

1

WP7

Clarity of guidelines before and during the pilot campaigns 2

WP7

Number of Twitter, Facebook or other social media 3

WP8

followers
Unique SCENT website visits

2

WP8

Number of players of SCENT serious games

2

WP7

Number of returning players of SCENT serious games

1

WP2, WP7

Overall satisfaction in SCENT serious games

2

WP2

Number of images sourced during the pilot campaigns

2

WP7

2

WP7

annotated through the SIE
Number of images sourced during the pilot campaigns
annotated manually (by gamers)

10

(Scale 1: very important, 2: somewhat important, 3: not really important, 4: not important/not relevant)
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Number of open platforms/repositories images annotated 2

WP5

through the SIE

Number of open platform/repositories images annotated 3

WP5, WP7

manually (by gamers)
Update rate of improved LC/LU maps (with crowd-sourced 2

WP5, WP7

data) for the pilot regions
Average time from crowd-sourced data submission (e.g. 1

WP2-WP7

image, text) to updated flood risk / flood pattern maps
generation

The aforementioned KPIs shall, in addition to the fit criteria included in the D1.3 System Requirements
deliverable, be used in the context of SCENT D7.4 Evaluation of the SCENT toolbox, being a basis for the
assessment of the impact of the project as well as the success of the pilot campaigns both in terms of
engagement and participation as well as in terms of the acceptance of the SCENT toolbox from the
users/citizens.
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5. Ontological Analysis
Gruber in 1993 defined ontology as "an explicit specification of a conceptualization." Later, in 1997 Borst
said ontology is "a formal specification of a shared conceptualization". According to Borst, besides
explaining the ontology, conceptualization should express a shared vision among the parties; it should be
seen as an understanding rather than individual opinions expressed in a common language and accessible.
Stader, Benjamins and Fensel have combined these two definitions in 1998 and described ontology as a
"formal specification, an explicit sharing conceptualizations." Since the mid-1990s research has been
focused on understanding the context of ontologies in terms of an aspect or discipline, formal consensus
on the specifications of concepts, relationships, attributes or ontology axioms that they provide.

5.1. Methodology
In this case, the ontological scenarios combine information from the discipline of anticipative information,
looking at a European level on the concept of Citizen Observatories and Flood Risk Management (FRM)
with local information (with perspectives from Sustainable Development Strategy for the Danube Delta)
towards their integration into the hydraulic scenarios used in flood risk management activities.
The purpose of the proposed methodology is to create integrated scenarios into ontological complex
network of global trends by adapting them to local conditions and to promote the concept of Active
Citizen Participatory (ACP). The best way to approach the ontology of the flood risk management system
interactions with the land use issues, is to use the systems theory approach.
Systems thinking basically means that we try to gain a better understanding of something by reflecting on
the interactions of the crucial factors that define it. We look at a system in a so-called model. Systems
theories should help us to come up with a useful model. As George E. P. Box noted: “Every model is
basically wrong, but some are useful”. There are numerous fields of systems theory, ranging from
cybernetics and systems psychology to systems engineering and systems biology. Also included are concrete principles that should describe how systems work (Neuman, 2013)
Today’s decision makers seldom use tools. There are several reasons for this. Some fear transparency,
many don’t know that there are methodologies and tools available to them and others simply don’t
understand how to use them. Most of us shy away from making the effort it takes to reflect on the
complex challenges we are faced with. Therefore it is common to rely on our intuitive intelligence and
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best practices. However, our gut feeling is emotionally deceptive (Kahneman, 2011) and cannot predict
the future (Gigerenzer, 2007), and best practices are in most cases recipes that worked in the past and in
a different context. If best practices always worked when we applied them, everything would always be
successful to the same degree (Neuman,2013)
There are different tools available as decision support—mostly computer software—that offer a so-called
qualitative modelling or quantitative modelling methodologies, e.g., cross-impact matrix, fuzzy cognitive
maps, Ishikawa diagrams, neural networks, agent based modelling and system dynamics. They are out of
the scope of this deliverable, but regardless of the tool we use (and even if we use no tool at all) it is crucial
that we always include the decisive factors into our models and think of the important relations that exist
between these factors. We can refer to systems theories in this regard.
We don’t even have to explicitly ask for how integration and development are involved—all we need to
do is continue asking WHY, the same way that children do until their parents tell them that something is
the way it is because it just is—unless, of course, they suggest that the child go ask their mother or father
for the answer to their question. The need for integration and development for everything in the world is
a kind of meta-systemic explanation. It is not quite holistic, but since it does not provide a fixed answer to
anything and only helps you to come up with individual answers, it is less reductionist than other system
theories are. (Neumann, 2013)
Using the systems thinking modelling for the ontological analysis and the expert judgement approach, the
DDNI team developed an example for Danube Delta case (thus the application of this methodology was
performed only in the context of the Danube Delta pilot) from which all the valuable points in the flood
risk management procedure can be extracted, so that the ACP could fit perfectly in the system. The team
developed 2 tables for Ontological analysis that try both to organize the process of activities which
contribute to the functioning of the CO system / Floods system, and to structure the 3-phase constituent
of the Flood Risk Management: Training, Event, Post-Event. Filling these matrices was made following the
EJ analysis described in the previous section based on the experience of specialists, as well as selected
bibliography. These include evaluating relationships and the impact of factors.

5.2 Overview of results for the Danube Delta case study
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In the general topic of flooding Danube Delta scenarios, coupled with the policies the European
Environment Agency (EEA), ontology analysis is the bridge from global trends outlined in "State and
outlook of the environment report" - SOER 2015 to integrating them into concepts ACP and CO locally
(Figure 22). In this manner, the ontology of the flood risk management system in the European context
gathers the relevant information creating the basis of knowledge about the relationship between
activities in all the flood event phases. The ontology also develops the key in calibrating all data and
procedures towards a better understanding of the pressures on ecosystems, giving it the dynamics
necessary in the adaptation of the calibrated model (green line in the conceptual model).
Pressures on the system/
Input

Flood Risk
Management
System Components

Figure 22 Hydraulic Scenarios into Ontological Analysis in Danube Delta (Nichersu, 2016)


Pressures on ecosystems: In recent years, in Danube Delta there has been a development of
residential areas in localities such as: Crisan, Mila 23, Saint George, Sulina. Continuous building of
residential areas, requires strong action from local councils and all responsible institutions, as follows:




Improving and developing the transport infrastructure, telecommunications and
energy;
Development and improvement of public services;
Environmental protection and sustainable development;
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Tourism development;
Economic development;
Human resources development, increasing the employment rate;
Attracting new investment and increased access to resources.

Increasingly serious consequences of climate change: Climate change phenomenon manifested
globally and has a direct impact on the Danube Delta area, so the frequency of droughts alternate
with torrential rainfall led to unprecedented changes of the Danube discharge. A negative impact it
had also the works of embankments during the second half of the twentieth century, that targeted
entire diking of Danube Floodplain for setting up farms. Only the damage of the floods in 2010 reached
90 million euros at Tulcea county level. From a historical perspective, in the 1970’s floods, in the area
of Vulturu village, led to the dismantling of an entire village. Danube Delta region has been exposed
in the last 54 years, an intense heating process, detected both seasonal and annual average
temperatures and 14 in extreme temperatures. For annual values and for the spring and summer
seasons, the trends are statistically significant with slopes ranging generally between 0.30 and 0.53 °
C / decade or 0.25 ° C / decade and 0.35 ° C / decade averages thermal yearly, which represents a
fairly high rate of growth compared to other regions of the country and the continent.
Regarding rainfall, the region is the driest in the country, with amounts term average which in its
Eastern side, is very close to the limit of Desertification (Sulina, were recorded rainfall below 27 years,
of which 22 after 1982). From the point of view of evolution in time, at Seasonal and annual trends
mostly detected growing majority, they are statistically insignificant. The exception is only
Meteorological Station Sulina, where the decrease is generalized for all seasons and annual quantities
and statistically significant for winter, spring and quantities. Sulina canal banks are affected by vessel
traffic, but also the phenomenon of natural erosion, which increases the risk of flooding of
settlements and its touristic infrastructure and lead to an increased volume of sediments discharged
into the Black Sea. These vulnerabilities are exacerbated by climate change phenomenon, heavy rains
in recent years leading to historical discharges of the Danube River, fragile ecosystems and
endangering the human communities life in the area.
Increasing pollution: The Danube Delta and the surrounding area have specific vulnerabilities in
emergencies caused by pollution. Much of this area is covered by water and marshes, thus increasing
their exposure to the negative effects of pollution and are also less accessible in the event of
intervention. More economic activities (manufacturing of alumina, pig farms, mining, shipping and
shipyards, water and wastewater services) have been mapped as potential risks to water and soil
quality. In addition, having a common border with Ukraine and the Black Sea, the territory is exposed
to external risks as well. Briefly, the area is largely exposed to both, natural hazards (floods,
earthquakes) and anthropogenic hazards.
Increasing environmental pollution is bringing into question the impact of pollution on fish
population. Currently, the area is experiencing the decline of fish populations and the reduction the
diversity of fishery resources (sturgeon, carp, pike, tench, perch, etc.), due to pollution, as well as due
to poaching and water management.
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The exercise is intended as an ontological boundary, detaching from the total reality the possibilities of
developing the CO concepts, on Flood Risk Management in the Danube Delta, which we subject to
scientific investigation.
Based on the ontology system analysis of the flood risk management system, DDNI team prepared a list
of components from the main inputs identified and presented in Figure 22 (and Table 2) and a list of
activities for each phase in the flood event (see Table 3). Then, using the Expert Judgement method, the
experts and end-users were requested to fill in the two tables provided below:
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Table 2 Interactions of the identified activities within the flood risk system- Example of one completed table
Please, specify the importance of the column into the raw from the table on a scale of 0 to 10, where 0
represents the absence of importance, and 10 means the most importance!
Example: The role of Data Collection into the Development (sensors) on Flood Risk Management.
Data
Collection
(water Levels,
Discharges,
Land Use
Changes,
Infrastructure)
Data Collection
(water Levels,
Discharges, Land
Use Changes,
Infrastructure)
Development
(sensors)
Smart
Applications
Creation/Serious
Gaming (for
Floods)
Remote Sensing

Developmen
t (sensors)

Smart
Applicati
ons
Creation/
Serious
Gamming
(on
Floods)

Remote
Sensing

Modelli
ng
(DTM,
DEM,
1D, 2D,
3D)

Decision
Making
(local,
regional,
national)

10

8
10

1
4

2
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Modelling (DTM,
DEM, 1D, 2D, 3D)
Decision Making
(local, regional,
national)
Research
Awareness
Administration
Volunteers

9

8

9

9

7
9
4
5
3

9
10
4
6
1

4
10
4
1
1

2
9
0
1
2

The research leading to these results has received funding from Horizon 2020, the European
Union’s Framework Programme for Research and Innovation (H2020/2014-2020 under grant
agreement no 688930

1
10
0
1
1

Page71 of 111

9
10
10
5

8
8
5

0
9

5

D1.2 – Benchmarking of available in-situ infrastructure

Table 3 Activities which contribute to the functioning of the CO system / Floods system (average from
completed tables)
Please, specify the importance of the column into the row from the table on a scale of 1 to 5, where
1 represents the low importance, and 5 means high importance

Pre Event Phase

1
Data Collection (water
Levels, Discharges, Land Use
Changes, Infrastructure)
Development (sensors)
Smart Applications
Creation/Serious Gamming
(on Floods)
Remote Sensing
Modelling (DTM, DEM, 1D,
2D, 3D)
Decision Making (local,
regional, national)
Research
Awareness
Administration
Volunteers

2

During event

3

1

2

Post Event Phase

4

2

4

4

5

5

5

5

1

3

1

5

5

1

4

5

1

2

1

4

4

2

4

5

5

4

1

2

1

3

1

1

1

2

4

3

5

5

1

4

5

1

3

5

5

5

3

5

5

5

5

3

4

5

3

3

1

5

3

4

5

5

4

4

5

5

5

4

5

5

5

5

5

3

4

2

4

3

4

5

5

1

1

Activities
1 Monitoring: Full Time Water level, flow, temperature (state infrastructure elements)
2 Communication / Notification / Alert / Alarm
3 Preparation: Plans, scripts, Recognition exercises
4 Intervention decision, evacuation

After collecting data by the experts, the "map" factors were drawn and the relationships between
them in the system using the program iModeller from Consideo GmbH (Figure 23Figure 23 Ontological
conceptual model extracted from Table 2). The result is represented by causal diagrams (or 'spaghetti'
diagrams, so named because of their very complex appearance).
The research leading to these results has received funding from Horizon 2020, the
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Figure 23 reflects the system functioning and offers a general idea where the main components of the
CO could very well fit into the flood risk management system structure.

Figure 23 Ontological conceptual model extracted from Table 2
Going one step further, Figure 24 reflects the activities interactions with the main components of the
CO in the system functioning in the specific context of the flood phases (in this example, the pre-event
phase). Each line reflects the information collected in the previous tables (thick line means a high
influence, while a thin line reflects a low influence between the components).
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Figure 24 Ontological model of the FRM phases extracted from Table 3
In this study, factors and connections are not just a series of predefined views of gained knowledge
by experts, it represents the result of a combination for the calculated assessments by experts in
various fields in order to obtain new insights and a deeper understanding of the complex challenge
for the deltaic system in the context of resource management. The approach is comparable to the
theories of qualitative research where scenarios of possible developments of resources cannot be
based only on empirical data collected in the past.
CO in Flood Risk Management can be considered as an ontological process, reflecting on the one hand,
relations between its components, and on the other hand, the interdependence between this process

The research leading to these results has received funding from Horizon 2020, the European
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and phased structure in which it is conducted. Local and regional community initiatives contribute to
the integration of CO components, in the existing system of FRM.
Understanding Flood Risk in terms of disciplines and CO towards a consensus on formal specifications
of concepts, relationships, attributes or axioms can be provided in the context of ontologies. In this
case, the ontological scenarios combine information from the disciplinary anticipative at the European
information level with the local information level (with prospects of Sustainable Development Strategy
for the Danube Delta) for integration of these with the hydraulic scenarios.
But the integration of the CO activities in hydraulic scenarios regarding flood risk, socio-economic
development is an interdisciplinary issue which will increase the effects of improving the activity of
FRM, both in terms of climate change by enhancing events and the point view of anthropogenic
component affected by flooding.
On the other hand, ontological analysis of CO / FRM in the Danube Delta also integrates the positive
benefits of floods, which can be determined only by ACP with hydraulic scenarios, considering the
need to restore the natural circulation of water in areas with sensitive habitats. This will be integrated
in the future both in initiatives related to Flood Risk Management and related CO issues.
Consequently, ontological analysis is concerned with the inner workings of the integration process
FRM / CO ensuring its balance. For example, the accelerated pace of development of remote sensing
requires increasing the amount of taxonomic knowledge, to be transmitted in the modelling process.
If this increase is not related to the organization of modelling process, in another way of the process,
then a disturbance is noticed.
Finally, the main issues that concern the ontological analysis could be summarized as follows:
 The content of the collected information.
It's about volume and quality of the information. From this point of view an important role is
designated to researcher and policy makers who must deal with the criteria based on which performs
selecting and ordering information so as to be consistent with the requirements of CO / FRM and
integrates CO, in while the administrations can be focused on developing methodologies required to
draw up emergency plans and communication.

The research leading to these results has received funding from Horizon 2020, the European
Union’s Framework Programme for Research and Innovation (H2020/2014-2020 under grant
agreement no 688930

Page75 of 111

D1.2 – Benchmarking of available in-situ infrastructure

 Technological development in the CO / FRM
It refers to the set of principles, methods, procedures, means and forms of organization used for CO /
FRM, but also for transmission and assimilation of knowledge. In relation to this issue focuses on the
question: how can it be transmitted amount of information to be learned easier and more efficient
for the ACP? The axis around which concentrates all the concerns in this area is that of ensuring
genuine activities, supported the participation of citizens in stage Monitoring. The multiplicity and
diversity factors on which enabled ACP raises many difficulties in establishing the most advanced
technology. Therefore, only based on prior knowledge of the relationships between these factors may
prescribe a particular technology.
 Ensuring a functional balance between the existing FRM system and CO components.
It is a concern due to the results of research in the SCENT technology fields. It aims extent that favor
the emergence of an atmosphere-shareholding between the Administration and stakeholders.
Harnessing social factors in the ACP is one of the fundamental problems of integration FRM / CO.
Knowledge and triggering the system of interrelations ensure development CO in its whole. Improving
on this basis, technology is considered, on the one hand, providing a stimulating context, and on the
other hand, the restructuring of these interrelationships in accordance with the requirements of the
social issues raised by social group.
 Efficiency rating.
As in any other activity, knowledge of the results is essential, in terms of the CO contributions to the
FRM and general environmental monitoring. Important in this aspect are to define and apply
appropriate methods of evaluation for the CO components. Evaluation is not limited to simple
technical evaluation of these components. It encompasses the design then directs recipients in their
work approach that asks the answer to two questions: what we evaluate and how we evaluate.
 CO Management / FRM Management.
The relationship between the CO / FRM components should be oriented towards knowledge as
detailed as their functions, each stage FRM so as to achieve cooperation between them and a mutual
exchange of information and intensive. The main areas of CO / FRM, above, is at the same time, and
directions of scientific research. Therefore the CO / FRM management is in a continuous restructuring.
A preliminary and definitive circumscribing CO / FRM is practically impossible, it may be submitted
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only in hypothetical terms, the results confirmed in the process will be incorporated and assimilated
the conceptual backbone. Based on the above we specify that management of CO / FRM aims to
capture the relationships of dependence and functionality of various aspects, components and ACP
sides of the integration process, CO in the light of its purpose FRM.
As a final note, the aforementioned analysis describes an exercise of the DDNI Team to integrate a
series of tools and new instruments in the Citizen Observatory – Flood Risk Management system
integration. The input data for Danube Delta case was collected from the beginning of the activities,
in parallel with the questionnaires collection and focus groups. The data was collected only within the
context of the Danube Delta case, but the results reflect the ontological analysis of the FRM system
that can also be replicated in any other case observations, such as Kifisos.
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6 SCENT Land-cover/use taxonomy
One of the main SCENT objectives is to use Volunteered Geographic Information (VGI) provided by
citizens to produce refined flood risk maps and spatio-temporal flooding patterns; this refinement will
be of both temporal and spatial nature. In particular, with respect to temporal updates, as most
common open Land-Cover/Land-Use (LC/LU) programmes such as CORINE (Agency, 1995)11 are
updating their maps every six years12, through crowd-sourced information, this interval will be
reduced, providing to the relevant authorities an additional complementary source of LC/LU
information. With respect to spatial updates, as was also shown in SCENT D1.1 (Nichersu, 2016), many
experts in flood modelling in both pilot regions considered the existing taxonomies (such as CORINE
or LUCAS) limited in providing a fine-grained LC/LU taxonomy that can lead to detailed flood maps.
This is especially relevant to the urban areas where a very coarse taxonomy is used.
Due to the aforementioned reasons, the SCENT partnership has decided to build upon the current
CORINE taxonomy and extend it in order to reflect important LC/LU types that are prominent in both
pilot sites and their inclusion will lead to more tailored flood models. This extension shall include types
important for assessing the vulnerability of certain regions. One should emphasize that the proposed
taxonomy is not meant to replace CORINE in general terms, as it is tailor flood risk and flood pattern
determination. This extension shall include LC/LU types important for several different aspects of
flood risk and flood pattern determination, which can be described as follows:
a) Improved assessment of exposure / vulnerability needed for generating flood risk maps: Flood
risk is commonly assessed by combining three elements: flood hazard, exposure and
vulnerability. Flood hazards are described by variables of the physical system that cause the
flood, such as excessive water levels, velocities, discharges and flood extent. In complex
systems these are commonly determined by hydrological and hydrodynamic models. Land use
elements (residential buildings and businesses, infrastructure, agricultural land, etc.) may be
more or less exposed to such flood hazard, due to their spatial location. Furthermore, such
elements can have different vulnerability to flood hazards, depending on both physical
characteristics (e.g. availability of local flood protection), as well as social and organisational

11

‘The European CORINE land cover mapping scheme is a standardized classification system with 44 land cover and land use
classes. It is used by the European Environment Agency to report large-scale land cover change with a minimum mapping
unit of 5 ha every six years and operationally mapped by its member states’ (Balzter, 2015).
12 Another prominent example is Land Cover/Use Statistics (LUCAS) maps, that are updated every 3 years (Eurostat, 2015).
The research leading to these results has received funding from Horizon 2020, the European
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aspects (e.g. developed flood warning systems). Therefore, accurate mapping of LU elements
exposed and potentially vulnerable to flood hazard is crucial for better assessment of flood
risk.
b) Improved assessment of surface roughness coefficient, used in flood models: Movement of
water over the flooded areas is influenced by the LC type, making velocities and flow higher
or smaller depending on the characteristics of the surface cover. Numerical models that are
used to describe the hydrodynamic of flood flow solve 1D or 2D shallow water equations,
which include surface roughness coefficients, depending on the LC type, commonly known as
Manning or Chezy coefficients. As land use changes in time, models that are used to predict
flood extent need to be updated regularly. Urban developments, for example, may have
influences on the flood volume and peak discharge during a flood event because of
considerable increase of impervious surface.
c) Improved information on flow obstructions. Floods are rare events, and it is not uncommon
that infrastructure elements that are important for flood protection are modified by other
human activities (e.g. building construction) or suffer from poor maintenance (e.g. drainage
canals blocked by vegetation or garbage, street gutters blocked by debris or leaves, etc.).
Crowd-sourced information regarding such elements is important for improved maintenance
and higher preparedness. The same information can also be used for improved system
representation in the flood models, leading to better model results regarding flood hazards.
One should emphasize that the proposed taxonomy is not meant to replace CORINE in general terms,
as it is tailor-made to describe the two SCENT pilot site regions. This comes from the fact that the
extension of the taxonomy was not carried out using a systematic top-down approach. It is a result of
a bottom-up approach, following discussions with relevant stakeholders as described in SCENT D1.1
(Nichersu, 2016). Two additional side-objectives of the proposed SCENT taxonomy are to
(i) describe the set of image types, that the SCENT Intelligence Engine (SIE) (SCENT, 2015) will try
to detect and classify;
(ii) provide the exact types of Points of Interest (PoIs) that the citizens/volunteers will have to
provide to the SCENT crowd-sourcing platform. Thus, the SCENT taxonomy is also an
important step for the design of some of the tools of the SCENT toolbox.
As the taxonomy proposed below is tailored to the SCENT pilot regions and toolbox structure, two
colour codes have been used:
1) The green colour indicates the taxonomy types that will be automatically classified through
the SCENT image processing algorithms through the crowd-sourced images and existing
images from open platforms and image repositories (Flickr or 500px).
2) The orange colour indicates the taxonomy types that may not be provided by the automated
classification algorithms and they will be provided by the citizens as text.
The research leading to these results has received funding from Horizon 2020, the European
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Moreover, the left column of Table 4 indicates the original taxonomy as defined by CORINE. The
corresponding levels are provided side by side to ease the reader.
Table 4 SCENT LC/LU revised taxonomy based on CORINE
Original CORINE
nomenclature

SCENT Proposed Taxonomy

1. Artificial surfaces 1. Artificial surfaces
1.1. Urban fabric
1.1 Urban fabric
1.1.1. Continuous
1.1.1 Buildings
urban fabric
1.1.1.1 Houses, Businesses, Banks13
1.1.2. Discontinuous
1.1.1.2 Theatres, Cinemas, Religion buildings, population gathering
urban fabric
buildings14
1.1.1.3 Hospitals, Factories, Administrative buildings (e.g. ministries, town
halls), Clinics, Schools, Fire dept. buildings, Police buildings and other
buildings15
1.1.2 Impermeable urban fabric
1.1.2.1 Impermeable surfaces made of concrete including yards, school
yards pilotis, ramps, large pavements, pedestrian streets (pavements,
ramps, concrete-covered yards)
1.1.3 Undeveloped land
1.1.3.1 Undeveloped land in an urban area with very low or no vegetation
and no concrete cover. This category includes factory yards, empty plots
etc. (empty plots)
1.1.4 Urban riverside land
1.1.4.1 Green river banks (low grass)
1.1.4.2 Green river banks (shrubs and reeds)
1.1.4.3 Concrete or stone river banks (concrete river bank, stone river
bank)
1.1.4.4 Bare soil river banks (bare soil river bank)
1.1.5. Sport and leisure surfaces
Includes tennis courts, running tracks, surfaces of polymeric nature (playing field,
tennis court)

1.2. Industrial,
commercial and
transport units

1.2 Transportation surfaces
1.2.1 Asphalt surfaces
1.2.1.1 Roads

13

Relatively low vulnerability buildings
Medium vulnerability buildings
15 High vulnerability buildings
14
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1.2.1. Industrial or
commercial units
1.2.2. Road and rail
networks and
associated land
1.2.3. Port areas
1.2.4. Airports

1.2.1.2 Parking lots
1.2.1.3 Port areas
1.2.1.4 Bicycle-only tracks
1.2.2 Railway surfaces
1.2.2.1 Railway lines and ballast surfaces
1.2.2.2 Embankments (green surfaces)
1.2.2.3 Embankments (concrete surfaces)

1.3. Mine, dump and
1.3 Excavation, dump and construction sites
construction sites
1.3.1 Excavation and construction sites
1.3.1 Mineral
1.3.1.1 Active or disused open-cast mines, quarries, sandpits, gravel pits
extraction sites
or other excavation sites with no vegetation, not filled with water and
1.3.2. Dump sites
with no buildings
1.3.3. Construction
1.3.2 Dump sites
sites
1.3.2.1 Open dump sites, legal or illegal with any type of refuse (litter) or
scrap
1.4. Artificial nonagricultural
vegetated areas
1.4.1. Green urban
areas
1.4.2. Sport and
leisure facilities

2. Agricultural areas
2.1 Arable land
2.1.1 Non-irrigated
arable land
2.1.2 Permanently
irrigated arable land
2.1.3 Rice fields

1.4. Urban vegetated areas
1.4.1. Green urban areas with tall vegetation
Includes public parks or private green areas with tall vegetation or urban fruit
orchards or small urban olive groves and others (tall vegetation areas)
1.4.2 Green urban areas with low vegetation
Includes small green areas with shrubs (shrubs and reeds)
1.4.4 Cemeteries
Mix of low vegetation with artificial concrete surfaces and small structures

2. Agricultural areas
2.1 Arable land
2.1.1. Non-irrigated arable land
2.1.2. Permanently irrigated land
2.1.3. Rice fields
2.1.x.1 Stage of crop (just started, middle, fully developed, harvested- to be
checked)
2.1.x.2. Furrows/no furrows

2.2. Permanent
crops
2.2. Permanent crops
2.2.1. Vineyards
2.2.2. Fruit trees and 2.2.1. Vineyards
The research leading to these results has received funding from Horizon 2020, the European
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berry plantations
2.2.3. Olive groves

2.3. Pastures
2.3.1. Pastures

2.4. Heterogeneous
agricultural areas
2.4.1. Annual crops
associated with
permanent crops
2.4.2. Complex
cultivation
2.4.3. Land
principally occupied
by agriculture, with
significant areas of
natural vegetation
2.4.4. Agro-forestry
areas

3. Forests and seminatural areas
3.1. Forests
3.1.1. Broad-leaved
forest
3.1.2. Coniferous
forest
3.1.3. Mixed forest

3.2. Shrub and/or
herbaceous
vegetation
association
3.2.1. Natural
grassland

2.2.2. Fruit trees
2.2.x.1 Density of crop (sparse, average, dense)

2.3 Pastures
2.3.1 Pastures close to settlements
2.3.2 Pastures at a distance from settlements

2.4. Heterogeneous agricultural areas
2.4.1. Annual crops associated with permanent crops
2.4.2. Complex cultivation
2.4.3. Land principally occupied by agriculture, with significant areas of natural
vegetation
2.4.4. Agro-forestry areas

3. Forests and semi-natural areas
3.1. Forests
3.1.1. Broad-leaved forest
3.1.2. Coniferous forest
3.1.3. Mixed forest
3.1.x.1 Density of forest (sparse, average, dense)

3.2. Shrub and/or herbaceous vegetation association
3.2.1. Natural grassland
3.2.2. Moors and heathland
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3.2.2. Moors and
heathland
3.2.3. Sclerophyllous
vegetation
3.2.4. Transitional
woodland shrub
3.3. Open spaces
with little or no
vegetation
3.3.1. Beaches,
dunes, and sand
plains
3.3.2. Bare rock
3.3.3. Sparsely
vegetated areas
3.3.4. Burnt areas
3.3.5. Glaciers and
perpetual snow

3.3. Open spaces with little or no vegetation
3.3.1. Beaches, dunes, and sand plains (sand)
3.3.2. Bare rock
3.3.3. Sparsely vegetated areas
3.3.4. Burnt areas

4. Wetlands
4.1. Inland wetlands 4. Wetlands
4.1.1. Inland
4.1. Inland wetlands
marshes
4.1.1. Inland marshes
4.1.2.Peatbogs
4.2. Coastal
wetlands
4.2. Coastal wetlands
4.2.1. Salt marshes
4.2.1. Salt marshes
4.2.2. Salines
4.2.3. Intertidal flats

Besides the aforementioned typology that describes the SCENT extension on CORINE LC/LU taxonomy,
there are several other Points of Interest, such as obstacles, debris that, as described earlier, are very
relevant for flood modelling and management. Thus, they will also be added to the list of image types
that the citizens will be asked to take and upload to the SCENT toolbox. These are provided in Annex
A3 in order to provide a holistic view of the SCENT taxonomy for automated image classification. This
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list may be modified and extended during the course of the project if specific elements relevant for
the two pilots are later identified.
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7 Conclusions
Deliverable 1.2 serves as a reference documentation for the benchmarking of the monitoring schemes
that are available and will be also applied during the implementation of the project, describing mainly
the existing monitoring infrastructure as far as the hydro-environmental parameters of Danube Delta
(Romania) and Kifisos (Greece) is concerned. Additionally, it describes the proposed pilot areas both
in terms of general historical information as well as their specific objectives within the SCENT project
scope. These mainly involve the existing and proposed scientific monitoring approach (incorporating
continuous measurements with in-situ installed sensing equipment) as well as the volunteer
measuring campaigns (incorporating typical examples of gathered information from citizens essential
for the flood phenomena).
The deliverable also provides a detailed Experts Judgement Assessment, incorporating needful
feedback from the involved stakeholders and end-users of both study sites as far as the success of the
pilot campaigns and the overall project impact are concerned. The ontological analysis is also found
essential for the critical analysis for the existing pressures that are applied on both water systems of
SCENT project that also govern the flood management process as a whole.
Finally, the taxonomy system that was developed (based on CORINE system) for the needs of SCENT
pilots is proved necessary for both: (i) the entire monitoring scheme that is already existing and
planned to be applied during the project, as well as (ii) the developed hydrologic and hydraulic models
of both reference catchments.
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A1 List of Monitoring stations and environmental parameters in Danube Delta
Table 5 Monitoring sections for water quality in the Danube Delta Pilot
Monitoring parameters
Location

fizico-chemical

hydrobiological

observations

from:
Somova-Parcheș complex of lakes
1

Rotund Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
2

Somova Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
3

Somova-Parcheş
channel

inlet water/sediments phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
4

Parcheș Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
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5

Câşla Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
6

Alum discharge channel water/sediments phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
7

Somova-Parcheș outlet water/sediments phytoplankton

3 zooplankton station, 3

channel

phytoplankton stations, 1

zooplankton

zoobenthos station
zoobenthos
Șontea-Furtuna complex of lakes
8

Furtuna Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
9

Nebunu Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
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10

Şontea channel

water/sediments phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

aquatic
vegetation
zoobenthos
Gorgova-Isac complex of lakes
11

Cuibul cu Lebede Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
12

Uzlina Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
13

Isac Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
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14

Gorgoștel Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
15

Litcov channel

water/sediments phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
16

Perivolovca channel

water/sediments phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
Matita-Merhei complex of lakes
17

Merhei Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
18

Miazazi Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
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19

Lopatna channel

water/sediments phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
Roșu-Puiu complex of lakes
20

Erenciuc Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
21

Iacub Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
22

Roșu Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
23

Roșuleț Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
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zoobenthos
24

Crișan-Caraorman
channel

water/sediments phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
Razim -Sinoe complex of lakes
25

Razim-Bisericuta Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
26

Goloviţa Lake

water/sediments phytoplankton
zooplankton

5 zooplankton station, 5
phytoplankton stations, 3
zoobenthos station

aquatic
vegetation
zoobenthos
Chilia branch
27

downstream Izmail

water/sediments phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
28

Ceatal Chilia

water/sediments phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
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29

Periprava

water/sediments phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
30

Upstream Bâstroe

water/sediments phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
31

downstream Bâstroe

water/sediments phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
Sulina branch
32

downstream

Sulina water

town

phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
33

Upstream Sulina town

water

phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
Tulcea branch
34

Ceatal Sf. Gheorghe

water

phytoplankton
zooplankton

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

zoobenthos
Sf. Gheorghe branch

The research leading to these results has received funding from Horizon 2020, the European
Union’s Framework Programme for Research and Innovation (H2020/2014-2020 under grant
agreement no 688930

Page95 of 111

D1.2 – Benchmarking of available in-situ infrastructure

35

downstream

Sf. water

phytoplankton

Gheorghe village

3 zooplankton station, 3
phytoplankton stations, 1

zooplankton

zoobenthos station
zoobenthos
36

Upstream Sf. Gheorghe water

phytoplankton

village

3 zooplankton station, 3
phytoplankton stations, 1

zooplankton

zoobenthos station
zoobenthos
Danube
37

Cotul Pisicii

Water

3 zooplankton station, 3
phytoplankton stations, 1
zoobenthos station

Table 6 List of parameters, quality class boundaries and sampling frequencies for water samples in
the Danube Delta Pilot.
No. Quality indicator

M/U

Quality class

Sampling
frequency

High Good Moderate Poor

Bad

A. General physical and chemical indicators
1

Water temperature

2

pH

0

C

6,5…8,5

seasonally

C.2. Oxygen regime
1

Dissolved oxygen

3

Biochemical

mgO2/L 9

7

5

4

<4

seasonally

oxygen mgO2/L 3

5

7

20

>20

seasonally

demand (5 days)
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4

Chemical

Oxygen mgO2/L 5

10

20

50

>50

seasonally

Oxygen mgO2/L 10

25

50

125

>125

seasonally

Demand (I KMnO4)
5

Chemical
Demand (CCO-Cr)

C.3. Nutrients
1

Ammonium (N-NH4+)

mgN/L

0.4

0.8

1.2

3.2

>3.2

seasonally

2

Nitrite (N-NO2)

mgN/L

0.01

0.03

0.06

0.3

>0.3

seasonally

3

Nitrate (N-NO3)

mgN/L

1

3

5.6

11.2

>11.2

seasonally

4

Total nitrogen (P)

mgN/L

1.5

7

12

16

>16

seasonally

5

Phosphate (P-PO4-)

mgP/L

0.1

0.2

0.4

0.9

>0.9

seasonally

6

Total phosphorus (P)

mgP/L

0.15

0.4

0.75

1.2

>1.2

seasonally

7

Chlorophyll “a”

µg/L

25

50

100

250

>250

seasonally

C.4. Salinity
1

Conductivity

µs/cm

2

Filterable residue dried at mg/L

seasonally
500

750

1000

1300 >1300 seasonally

1050C
3

Chloride (Cl-)

mg/L

25

50

250

300

>300

seasonally

4

Sulphate (SO42+)

mg/L

60

120

250

300

>300

seasonally

5

Calcium (Ca2+)

mg/L

50

100

200

300

>300

seasonally

6

Magnesium (Mg2+)

mg/L

12

50

100

200

>200

seasonally

7

Sodium (Na+)

mg/L

25

50

100

200

>200

seasonally

C.5. Specific toxic pollutants of natural origin
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1

Total chromium (Cr3+ + µg/L

25

50

100

250

>250

seasonally

>100

seasonally

Cr6 +)
2

Copper Cu2+)5

µg/L

20

30

50

100

3

Zinc (Zn2+)

µg/L

100

200

500

1000 >1000 seasonally

4

Arsenic (As3+)

µg/l

10

20

50

100

>100

seasonally

8

Lead (Pb)6

µg/l

5

10

25

50

>50

seasonally

9

Cadmium (Cd)

µg/l

0.5

1

2

5

>5

seasonally

10

Total iron (Fe2+ + Fe3+)

µg/l

0.3

0.5

1.0

2

>2

seasonally

11

Mercury (Hg)5

µg/l

0.1

0.3

0.5

1

>1

seasonally

12

Total manganese (Mn2+ + µg/l

0.05

0.1

0.3

1

>1

seasonally

10

25

50

100

>100

seasonally

1

5

20

30

>50

seasonally

100

200

300

500

>500

seasonally

Mn7+)
13

Nickel (Ni)5

µg/l

C.6. Other chemical indicators
1

Total Phenols (phenol µg/l
index)

2

Anionic detergent active

µg/l

Table 7 List of parameters, sampling frequencies for sediments samples
No.

Quality indicator

M/U

Sampling frequency

1

pH

pH unit

yearly

2

Conductivity

µs/cm

yearly

Aqueous extract
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4

Calcium (Ca2+)

mg/100 g of dry sediment

yearly

5

Magnesium (Mg2+)

mg/100 g of dry sediment

yearly

6

Sodium (Na+)

mg/100 g of dry sediment

yearly

Potassium (K+)

mg/100 g of dry sediment

yearly

Organochlorinated Pesticides mg/100 g of dry sediment

yearly

Specific pollutants
6

(OCLs)
7

Polychlorinated

Biphenyls mg/100 g of dry sediment

yearly

PCBs
8

Chromium

mg/100 g of dry sediment

yearly

9

Copper

mg/100 g of dry sediment

yearly

10

Zinc

mg/100 g of dry sediment

yearly

11

Arsenic

mg/100 g of dry sediment

yearly

12

Lead

mg/100 g of dry sediment

yearly

13

Cadmium

mg/100 g of dry sediment

yearly

14

Total iron

mg/100 g of dry sediment

yearly

15

Mercury

mg/100 g of dry sediment

yearly

16

Total manganese

mg/100 g of dry sediment

yearly

17

Nickel

mg/100 g of dry sediment

yearly

Table 8 Hydrobiological indicators
Study target group

Indicators

Sampling frequency
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Phytoplankton

Main

phytoplankton

groups seasonally

evaluated by spectroflorometry
Zooplankton

Species composition, abundance,

seasonally

Species diversity, saprobic index
Zoobenthos

Species composition, abundance,

seasonally

Species diversity, saprobic index
Aquatic vegetation

Species composition, abundance,

seasonally

Fish

Species composition, abundance,

seasonally

Sensitive species
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A2 List of monitoring stations in Kifisos catchment
Table 9 List of existing meteorological stations in the entire Kifisos catchment
Station

X

Y

Z

Stakeholder

Alimos

474419

4196413

25

NOA

Faliro

472874

4197735

25

NOA

Faliro - SEF

470840

4199165

2

NOA

467782

4199826

50

NOA

Nikaia

468976

4201606

23

NOA

Korydallos

469074

4203775

75

NOA

Imittos-Dafni

477710

4199714

125

NOA

Nea Smyrni

474804

4200123

51

NOA

Neos Kosmos

476352

4201012

85

NOA

474193

4201236

37

NOA

Athens

474860

4203169

50

NOA

Ampelokipoi

478631

4203530

136

NOA

Papagou

482882

4203496

300

NOA

Peristeri

473844

4205767

55

NOA

Patissia

476133

4207997

90

NOA

Agia Paraskevi

485201

4206073

273

NOA

Psychico

480592

4207502

209

NOA

Petroupoli

470944

4209643

223

NOA

Vrilissia

484559

4209774

245

NOA

Penteli

487979

4210773

495

NOA

Maroussi

483450

4211275

235

NOA

Ska

477033

4212773

149

NOA

Ano Liosia

472798

4214654

182

NOA

Kifissia

484061

4212875

315

NOA

Ekali

484311

4215491

326

NOA

Tatoi

481876

4218990

282

NOA

Pireas
Pedagogiki

Harokopio
Athens

-

-
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Arsakeio - Drosia

487292

4218957

365

NOA

Dionysos

490195

4217491

575

NOA

Parnitha

475188

4223647

1230

NOA

Ippokrateios

481515

4227284

565

NOA

Xalandri

482249

4209127

180

YPDE

Peristeri

473467

4207301

60

YPDE

Athina (Vyronas)

477836

4199891

120

YPDE

N Filadelfeia

470548

4209160

128

HNMS

Aerodromio
Elliniko

476356

4194348

15

HNMS

Aerodromio Tatoi

480808

4218377

237

HNMS

Station

X

Y

Z

Foreas

1

NOA: National Observatory of Athens

2

YPDE: Ministry of Public Works

3

HNMS: Hellenic National Meteorological Service
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A3 SCENT taxonomy for automated image classification
Urban case – LC/LU
Buildings
Pavements
Concrete-covered yards
Empty plots
River bank.Low grass
River bank.Shrubs
River bank.Concrete
River bank.Stone
River bank.Bare soil
Roads
Parking lots
Railway lines
Excavation or construction sites
Dump sites
Parks. Tall vegetation
Parks. Shrubs
Playing fields
Tennis courts
Cemeteries

Urban case – Obstacles or damages
Trees
Tree branches
Cars/vehicles
Dustbins
Storm drains. Clean
Storm drains. Debris
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Storm drains. Leaves
Storm drain discharge
Buildings. Damaged
Roads. Damaged

Rural case
Furrows
Rice fields
Vineyards
Fruit trees
Pastures/Grassland
Forest. Broad-leaved
Forest. Coniferous
Forest. Mixed
Heathland
Sand
Bare rock
Sparsely vegetated area
Burnt area
Inland marshes
Salt marshes
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A4 Guidelines for volunteers in Kifisos demonstration campaigns

Type 1
Natural river
banks and river
beds. No artificial
material present

Type 2
Natural river
banks and river
beds. Waterway
poorly defined in
terms of
morphology

Type 3
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Natural stream
with one river
bank restored
artificially (using
RC, gabions or
other) to protect
against erosion or
other mass
movement
processes.

Type 4
Channeled stream
with artificial
banks on both
sides (using RC,
stone, gabions or
other material)
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Type 5
Channeled stream
or with artificial
banks on both
sides (using RC)
and RC ceiling,
converted to
underground
waterway with
rectangular cross
sections. This
category includes
also large concrete
pipes
Type 6
Missing Data or
type unknown

?
Figure 25 Kifisos River Bed types guide, supporting of Figure 6.
Type of measurement / method

Type of observation
Type Ι. Locations for suitable hydrological instruments placement
Type II. Locations of Water mains confluence with river network
Type III. Locations with works under progress in the river course

Photo capturing

Type IV. River bank erosion / scouring locations
Type V. River conditions capturing
Type VI. Floodplain material capturing
Type VII. Riverbed material capturing
Type VIII. River course type capturing

Logger measurements download

Type Ι. Instrument logger records download

Type Ι. Locations for hydrological instruments placement
Locations suitable for placing instruments to measure river discharge. Cross section should have a well-defined
geometry and river beds and banks covered with artificial material (e.g. concrete). The cross section should
NOT have variations, obstructions, surface irregularities, vegetation and should be uniform in terms of
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materials. The river course upstream of the locations in question should be uniform and straight and have no
irregularities.

Type II. Locations where water mains confluence

Type III. Locations with works under progress in the

with river network

river course

Type IV. River bank erosion / scouring locations
Locations where the river bed or the riverbanks have suffered erosion, scouring or collapse

The research leading to these results has received funding from Horizon 2020, the European
Union’s Framework Programme for Research and Innovation (H2020/2014-2020 under grant
agreement no 688930

Page108 of 111

D1.2 – Benchmarking of available in-situ infrastructure

Type V. River conditions capturing
Representative pictures from the river course depicting its diverse conditions including (a) vegetation, (b)
mobile objects, (c) debris, (d) trash, (e) building materials and others

Type VI. Floodplain material
Representative pictures showing the types of materials and flow conditions on the floodplain (including
vegetation, artificial structures, roads and pavements and others.

The research leading to these results has received funding from Horizon 2020, the European
Union’s Framework Programme for Research and Innovation (H2020/2014-2020 under grant
agreement no 688930

Page109 of 111

D1.2 – Benchmarking of available in-situ infrastructure

Type VII. Riverbed material capturing
Representative picture illustrating the material the covers the riverbed and banks, divided in 4 major
categories: (a) natural banks, (b) artificial banks from stone (c) gabions or (d) concrete.
Natural river banks

Stone river banks

Gabion river banks

Concrete river banks

Type VIII. River course type
Representative picture illustrating the type of the river course divided in four categories.
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Natural stream – no artificial material present in
riverbed or riverbanks

Natural stream with one river bank restored with
artificial materials

Channelled stream with artificial banks on both sides

Channelled stream or with artificial banks on both
sides (using RC) and RC ceiling, converted to
underground waterway
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