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1 INTRODUCTION
1.1 PURPOSE OF THE DOCUMENT
The goal of this document is to report on the design and implementation details of interfaces toward
external data sources such as Copernicus EMS, European Flood & Fire Systems, local EMS and
Sentinel data which are part of the work package 3 (WP3) “External Services and Data Integration”
of the I-REACT project. The overall objective of this WP is to integrate existing data sources and
systems related to natural hazards, such as floods and fires, and therefore to “fuel” the overall
system with useful information sources. The WP is split into several tasks according to the type of
data and systems, which are integrated within I-REACT. In general, data streams and services will be
implemented following the as-a-service approach, so that new data is ingested automatically into IREACT without having user to activate a data stream.

1.2 STRUCTURE OF THE DOCUMENT
The document is organized as follows, representing tasks within deliverable 3.1 of WP3.

•

Chapter 1 is an introductory description of the document itself, which should help to
organize reading in comprehensive way.

•

Chapter 2 gives a detailed and thorough description on the working progress and activities
within Task 3.1 “COPERNICUS EMS INTEGRATION”.

•

Chapter 3 describes in detail the activities within Task 3.2 “EUROPEAN EARLY WARNING
SYSTEMS INTEGRATION”.

•

Chapter 4, “EXISTING LOCAL EMS INTEGRATION” comprises a synopsis of activities within
Task 3.4.

•

Chapter 5 is a description of Task 3.5 “SENTINEL DATA PROCESSING INTEGRATION”.

•

Chapter 6 contains the conclusions.
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1.3 ACRONYMS LIST

CAMS
DSS
EMS
EODC
ERCC
ESA
EWS
EO
FWI
GWIS
I-REACT
LEMS
NRT
SGRT
WMS
WP
ZAMG

Copernicus Atmosphere Monitoring Service
Decision Support System
Emergency Management Service
Earth Observation Data Centre
European Response and Coordination Centre
European Space Agency
Early Warning System
Earth Observation
Forest Fire Weather Index
Global Wildfire Information System
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Local Emergency Management Systems
Near Real-Time
SAR Geophysical Retrieval Toolbox
Web Map Service
Work package
Zentralanstalt für Meteorologie und Geodynamik
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2 COPERNICUS EMS INTEGRATION
2.1 SERVICE OVERVIEW OF COPERNICUS EMS
Copernicus Emergency Management Service (Copernicus EMS) provides information for disaster
response management and supports recovery, disaster risk reduction, prevention, and
preparedness activities. The service provides maps based on satellite imagery, addressing various
emergency situations arising from natural or man-made disasters, as well as early warning services
for flood and fire risks. Main aim of the European Union (EU) service is reinforcing crisis response in
case of national or cross-border disasters in Europe but also in case of large-scale disasters outside
of the EU [RD01].
Copernicus EMS is part of the European Copernicus Programme for Earth Observation, aimed at
providing information services on environmental and security issues, based on satellite earth
observation and in situ data. Within this framework, the EMS is operated by the Emergency
Response Coordination Centre (ERCC) at the European Commission's Humanitarian Aid and Civil
Protection department (ECHO). Technical assistance in support of service implementation is
provided by the Joint Research Centre (JRC).
Copernicus EMS consists of different modules that can be assigned to two main components (Figure
2-1) [RD01]:
•

EFAS and EFFIS - delivering alerts and risk assessments of floods and forest fires - can be
subsumed to an early warning component (described in detail in chapter 3).

•

The Copernicus EMS Mapping component provides map products and analysis in case of
disasters. It addresses a wide range of emergency situations resulting from natural or man-made
disasters, covering in particular floods, earthquakes, tsunamis, landslides, severe storms, fires,
industrial accidents, volcanic eruptions, and humanitarian crises. The products are delivered in
two different modes by different modules:
o

Rapid Mapping provides rapid service delivery during the emergency response phase
(within hours/days; available 24/7/365)

o

Risk & Recovery Mapping is designed for on-demand provision of geospatial
information supporting recovery, disaster risk reduction, prevention, and preparedness
activities in pre- or post-crisis situations (within weeks/months)

This service structure is complemented by a dedicated validation component, aiming at the
improvement of the EMS mapping service products regarding robustness and accuracy criteria.
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Recovery
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Figure 2-1: Copernicus EMS service overview.

The operational phase of the Emergency Management Service (EMS) started in April 2012 within
the former framework of the Regulation on GMES (Global Monitoring for Environment and
Security), which has been updated by the Copernicus Regulation in April 2014. The provided
information and products are accessible on a full, open and free of-charge basis to the public.
Copernicus EMS Mapping Services address in particular the needs of actors in the field of crisis
management and humanitarian aid operations. Related to an emergency event “Authorised Users”
(AUs) can trigger the service provision process. AUs include mainly the national civil protection
authorities from the participating states of the EU Civil Protection Mechanism (National Focal Points,
NFPs) as well as EU services. Associated Users (ASCUs), including - amongst others - local and
regional public entities and governmental and non-governmental organisations, can request the
service through an Authorised User. In order to request an activation, a Service Request Form (SRF)
has to be completed and submitted via e-mail to the European Response Coordination Centre
(ERCC).
Each request is then reviewed to ensure that an activation is within the scope of the EMS Mapping
Service regarding the type and magnitude of an event, the relevance of impact and the degree of
urgency (Rapid Mapping Service) or regarding the relevance for Disaster Risk Reduction, Prevention
and Preparedness purposes (Risk and Recovery Mapping Service). Following the authorisation of the
activation request by the ERCC mapping products are generated by service providers under service
contracts. The processing of an activation request follows a defined workflow involving different
service processing steps in collaboration and exchange between service provider, authorised user,
JRC, ERCC and ESA. JRC is responsible for the technical coordination of the EMS Mapping, it performs
technical and quality controls throughout service processing and manages the service evaluation
process upon an activation. Further it is in charge of the archiving and dissemination of generated
products. The European Space Agency (ESA) generally coordinates procurement and access to
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satellite data required for the generation of deliverables. The data provision is based on the
Copernicus Space Component Data Access (ESA-CSC-DA) system that offers access to satellite
imaging sensor data of Copernicus Sentinel as well as Copernicus Contributing Missions (CCM).

2.1.1 RAPID MAPPING
Support of crisis management during emergency response phase is emphasised to be the main
purpose of the rapid mapping service. Earth observation data and disaster related maps are
provided on-demand with strict timeliness requirements. Acquisition, processing and analysis of
satellite and aerial imagery and other geospatial raster and vector data form the basis for service
provision.
The Copernicus EMS Rapid Mapping service is operated continuously, i.e. service requests can be
handled 24 hours a day, seven days a week. That on-duty request handling permits a short response
time for product supply within the demanded time frame of hours / days. In this regard, the
availability of post-event satellite imagery, shortly after an emergency event, is considered a key
requirement, which shall be fulfilled within the framework of the ESA CSC-DA mechanism.
The rapid mapping service aims at the provision of assessments of impact extent and damage grade
as well as pre-emergency information particularly on infrastructure of affected areas. The
standardised products include printable maps supplemented by brief analysis on a case-by-case
basis, as well as geospatial data sets for use within a geographical information system (GIS).
Depending on the service request, three categories of maps are provided:
•

Reference maps: based on satellite imagery acquired prior to the disaster event they
describe the situation before the emergency situation

•

Delineation maps: outline the extent of the area affected by the event

•

Grading maps: provide an assessment of the impact / damage grade caused by an event

The different map products are provided individually or in combination depending on the user
needs. The service also features updates for delineation and grading maps, allowing for a
monitoring.
To meet the requirements given by the level of urgency, each map type can be requested in two
different service levels (Table 2-1):
•

Service Level 1 targets a rapid product delivery within a few hours after the receipt of
baseline satellite data. Additionally to the provision of precise maps within the demanded
time frame of 9 to 12 hours (see table) a First Available Map (FAM) is provided within 3 hours
for delineation and grading maps representing an early information product with lower
thematic and positional accuracy.
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•

Service Level 5 targets the provision of map products with maximum accuracy and level of
detail within five working days, whereby this time frame can be adapted depending on user
needs.
MAP TYPE

SL1

SL5

Reference
map

9h

5 days

Delineation
map

12h

5 days

Grading map

12h

5 days

Table 2-1: Targeted delivery times for the three map types at the two service levels.

2.1.1.1

REFERENCE MAPS

Reference Maps serve the purpose of providing background information on the area hit by the
disaster. Usually they are based on satellite or Very High Resolution (VHR) ortho-imagery captured
close before the event. They contain available comprehensive information to support disaster
management measures, including selected basic topographic features and exposed assets and
facilities.
Reference maps normally include the following (topographic) features (Table 2-2):
Feature class

Examples / Item description

General Information

area of interest, sensor footprint, sources, no image data

Administrative
boundaries

relevant administrative boundary levels

Settlements

agriculture, commercial, educational, industrial, institutional,
medical, military, recreational, religious, residential, transportation

Hydrology

coastline, dam, lake, reservoir, river, stream, canal, waterway

Point of interest

educational,
industrial,
transportation, cemetery

Physiography

contour line and elevation (m), height above sea level (m)

Utilities

power plant, quarry, water treatment plant

Transportation

motorway, primary road, secondary road, local road, tramway,
subway/metro, railway, station, bridge, tunnel, aerodrome, runway,
harbour

Land Use – Land cover

bare soil, cropland, grassland, scrub, woodland, forest, wetland,
firebreak

institutional,

medical,

religious,

Table 2-2: Main items of reference maps.

Project: I-REACT
Grant Agreement: 700256

“Report on EMS, European Early Warning
Systems and Sentinel data integration”
Call ID: H2020-DRS-1-2015

Deliverable ID: D3.1
Page: 15 of 84

Improving Resilience to Emergencies through Advanced Cyber Technologies

Depicting the exposure within the AOI, Reference Maps may include supplementary summary tables
providing overview information on exposed population, settlements, transportation, utilities or land
use within the map’s AOI (Figure 2-2).

Figure 2-2: Example of a reference map depicting the pre-event situation regarding severe floodings in June 2016 in
Bavaria (Germany). The map displays basic topographic features. It was produced using public datasets and pre-event
imagery.

2.1.1.2

DELINEATION MAPS

Based on post-disaster satellite images, Delineation Maps contain an assessment of the geographic
extent of the event. If requested the evolution of an event is outlined. Depending on the type of
event, Delineation Maps may depict flooded or burnt areas, or they provide an outline of
earthquake impact area or the location and extent of landslides, for example.
Delineation maps display crisis information as well as reference information. Hence as a main item,
additionally to the before mentioned set of topographic features included by reference maps,
delineation maps contain a layer outlining the affected area (Table 2-3).
Feature class

Examples / Item description

Crisis Information

Geographic extent of the affected area; e.g. flooded area, burnt area

Table 2-3: Additional available features of delineation maps.
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Depicting the disaster consequences within the AOI, delineation maps may include supplementary
summary tables containing information and assessments regarding exposed or affected population,
settlements, transportation, utilities or land use within the map’s AOI (Figure 2-3).

Figure 2-3: Example of a flood delineation in the area of Carlisle (United Kingdom) produced after Storm Desmond
caused significant surface flooding in December 2015. The map shows the extent of the flooded area at two times. It
was obtained from post-event imagery using a semi-automatic approach.

2.1.1.3

GRADING MAPS

Grading Maps show the impact of damages caused by a disaster event. In particular they provide
information on the extent, type and magnitude of damages. The assessments are derived from preand post-event satellite images.
Grading maps include reference information as well as crisis information specific to the event.
Grading assessment layer may depict disaster extent and impact grade regarding affected areas or
the damage to assets as well as other relevant information.
Providing information on disaster consequences within the AOI, grading maps may include
supplementary summary tables containing data on affected population or assets classified per
damage grade (Table 2-4, Figure 2-4).
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Feature class

Examples / Item description

Area grading

severity of impact for affected areas; e.g. fire grading, flood grading

Settlements grading

Affected assets classified according to damage grade

Transportation grading

Affected assets classified according to damage grade

Utilities grading

Affected assets classified according to damage grade

Other relevant
information

crisis Observation relevant in the emergency context; e.g. debris, road
block, crater
Table 2-4: Grading map-specific features.

Figure 2-4: Example of a damage assessment for the area of Amatrice (Italy) after the earthquake occurred on 24th
August 2016. The map displays the assessment of damage to buildings and transportation infrastructure as well as
further crisis information, which indicates blocked roads, landslides, debris and tents. The crisis information was
derived from post-event satellite image by visual interpretation.
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2.1.2 RISK AND RECOVERY MAPPING
The Risk and Recovery Mapping module supports disaster risk management measures not related
to immediate crisis response. Within a production time of weeks or months it provides sophisticated
products on demand, aiming at the support of prevention, preparedness and reconstruction
activities. In respect to a wide range of emergency situations to handle, products are provided on
demand specific to the needs related to the type of event and the phase of crisis management cycle.
In general the information contained in map products can be categorised in topographic features,
disaster risk information and tailored information related to the event and the crisis management
cycle phase.
In support of specific crisis management tasks related to emergency phases three product types are
offered, addressing 1) prevention, 2) preparedness and 3) recovery/reconstruction phase.

2.1.2.1

REFERENCE MAPS

Related to disaster risk reduction, reference maps contribute comprehensive and detailed
information on the territory and exposed assets. Information specific to prevention products assist
in the inventory of assets at risk, in the planning of protective measures and the development of
awareness-raising activities. Maps may contain for example information on existing mitigation
measures or land use zoning plans taking account of disaster risk information.

2.1.2.2

PRE-DISASTER MAPS

Related to disaster preparedness, pre-disaster maps provide relevant information in support of
disaster management measures to minimise disaster impact. The products for example can assist in
the preparation of response operations and rescue measures. In this context the maps may include
information on hazard exposure, vulnerability/resilience, risk status for population and assets,
evacuation plans and forecasts.

2.1.2.3

POST-DISASTER MAPS

Related to recovery/reconstruction phase, post-disaster maps contain information relevant beyond
immediate response phase. The products support recovery measures aiming to re-establish
conditions to pre-disaster state. For that purpose, the maps for example provide assessments of
long-term impact and recovery needs as well as information on recovery planning. Further, they
may contain information regarding hazard exposure, vulnerability and resilience, particularly with
regard to new assets or they aim for a progress monitoring of reconstruction efforts and
rehabilitation.
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2.2 COPERNICUS EMS DATA PORTAL
A Web-based portal provides access to the Copernicus EMS Mapping products and to the EMS Early
Warning modules EFAS and EFFIS (emergency.copernicus.eu). It acts as a central repository for
relevant information material in particular regarding the EMS Mapping component and offers the
download of Service Request Forms, User Guide, etc.
All Rapid Mapping and Risk & Recovery Mapping activations are featured on a map and in a
searchable list, which can be filtered based on event type, event date, activation status and affected
country. The available products of an activation can again be filtered by map type and location.
Additionally metadata is provided for each activation, containing information on event time,
activation time, event type, type and number of produced maps, activation status, affected
countries, area descriptor, name of activator, activation reason and requested products.
For the EMS Mapping Services GeoRSS feeds are available to receive regular content updates
relating to current or past activations.
Furthermore, the portal features the Copernicus Map Coverage Planner tool, which facilitates the
definition of the geographical extent for the preparation of a following EMS - Mapping Service
Request. Additionally a map is provided that aggregates activations of several other Emergency
Mapping organizations besides the Copernicus Mapping services.
The EMS portal provides geospatial information in 196 activations so far:

Number of Activations
Rapid Mapping Activations

167

Risk and Recovery Mapping
Activations

29

total

196
Table 2-5: Count of activations.
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Figure 2-5: Copernicus EMS Data Portal; Rapid Mapping activation providing metadata and access to raster and vector
products.
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2.2.1 OVERVIEW ON DATA PROVISION
The products offered by the Copernicus EMS Mapping Services are provided as digital map outputs
and as vector datasets on the EMS portal.
In general, all products implement a standardized structure as described below. Following specific
requests or for usability purposes case-by-case adaptions may be applied.

By default, the digital maps are available in different delivery formats and resolutions:
Printable map

Full colour ISO A1, or equivalent
Resolution: high = 300dpi; medium = 200dpi; low = 100dpi
GeoPDF
Metadata file

Georeferenced map

Full colour ISO A1, or equivalent
Resolution: high = 300dpi; medium = 200dpi; low = 100dpi
GeoTIFF, Georeferenced JPEG (with worldfile)
Metadata file
Table 2-6: Specifications of provided map products.

Map products are usually provided in UTM coordinate system using WGS84 datum. Map scale and
the covered area of the maps vary according to user requirements and the size of the area of
interest. Downloadable raster map files include metadata information on publication date, map
scale
and
the
product
version.
Map
file
names
(e.g.
EMSR194_05FARINDOLA_GRADING_OVERVIEW_v1_300dpi.jpg) include activation code, product
code and name (referring to affected location), product type, product version and resolution.

Additionally, all geographic features that are derived from the analysis and contained in the maps,
are provided as vector files. The availability of georeferenced datasets in vector format is a key
component of the Copernicus EMS service delivery, as it allows using the generated information in
support of further geospatial analysis. Vector files are delivered in ESRI shapefile format or in Google
Earth KML (or KMZ) format, including a metadata file. For each map component associated with an
activation a full set of vector files is delivered. Relevant attributes for data classification according
to the legend items of associated raster maps are included. By default self-explanatory names and
descriptive contents are assigned to attributes.
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Available feature classes and common attribute structure:

Figure 2-6: Mostly available geographic features, labeled with basenames, and common attributes.

Detailed feature class names are applied as shown in the following
EMSR194_05FARINDOLA_02GRADING_v1_7000_crisis_information_poly_grading.shp

example:

Feature class names generally refer to the names used for the legend items/headings in the map
products. Depending on the item, geometry type can be polygon, line or point and filenames may
indicate the geometry type. In case a layer includes grading information a name affix is added to the
filename. Furthermore a scale parameter refers to the map scale. Inherent to map scale is the level
of detail, affecting assets polygons, especially settlements digitalisation granularity.
Apart from that, the nomenclature is consistent to the raster map products, including information
on activation code, product code and name (referring to affected location), product type and
product version.
All relevant information, regarding the Copernicus EMS Service was gathered in RD01, RD02 and
RD03.
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2.3 COPERNICUS EMS INTEGRATION
All the data inserted, are coming from Copernicus EMS portal, which are automatically parsed by a
Python script to retrieve the latest activations from the website. In the following paragraphs, the
accessibility options to these data are described.
Besides the possibility of downloading data manually from the website of Copernicus, there are not
many options to get automatic access to disaster maps and metadata thereof. FTP-Servers are only
accessible for users who have activated the Emergency Management Service (EMS). Therefore, this
project makes use of the GeoRSS feed that is provided on the same website for all emergency event
types (cf. http://feeds.feedburner.com/CopernicusEMSMappingRushModeActivations).
A GeoRSS feed is an emerging standard that integrates location data into a classical web feed. The
GeoRSS feed of Copernicus EMS is updated according to the activation time of a specific event that
has been triggered by the responsible administration or authority. Usually there is a time difference
between the time when the event has occurred (Event time LOC) and the actual activation that may
take place a few days after the event. The GeoRSS alerts about the most recent activations and
provides an attribute list to identify the single events:
•

Title of activation including an emergency number

•

Details and maps

•

Event type

•

Event time (local time, LOC)

•

Activation time (coordinated universal time, UTC)

•

Affected countries

•

Area descriptor

•

Activation reason

The above listed information can be used in EMS data integration module for the automatic transfer
of the geodata into the backend system. Furthermore, it represents valuable information about the
shown geodata for the end user.
Also for the update of the database tables, containing all the previously mentions information
about the GeoRSS feed as well as the metadata information about the provided maps, an
automated service will be used to actively monitor the GeoRSS feed for updates. This provides a
timely response by the data integration module for new activations and updating of the database
when new maps are made available.
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2.3.1 DESIGN OF EMS INTEGRATION MODULE
The analysis of the data shows that disaster maps and forecast layers are vector based data.
Therefore the collection of these datasets in a geospatial database is seen as viable and practical
solution for a data storage. A database also offers a basically unlimited and therefore scalable
solution for storing all geospatial data. Through the storage of layers in a spatial database, the
archiving of data is enabled. Thus, historic flood data can be accessed at any time, if demanded.
Regarding geodata processing capabilities and spatial functions, the PostgreSQL database with the
spatial extension PostGIS was the most reasonable and suitable database management system for
the data integration module. Especially with the spatial extension PostGIS it is possible to create
high-performance solutions for geodata processing and visualization. PostgreSQL also supports the
conceptual workflow of importing triggered disaster maps better than other DBMS due to the native
handling of shapefiles and raster files.
The development of a large library of spatial functions, the enabling of spatial indices, the possibility
to automate processing with Python scripts and the interoperability with GeoServer and other OGC
conform software makes PostgreSQL superior over other database system candidates for the
integration and storage of Copernicus EMS layer.
The design of the database is loosely based on the python script, which runs in the background for
the automatically ingestion of the data and on the provided data structure of the Copernicus EMS
website. Therefore, three different tables had created but only one does contain geospatial data.
The first table stores all the metadata information belonging to an activation, such as the title, dates,
area, country or the status. As long as the status is not set to “closed”, the activation will be checked
in each run of the Python script if new maps were made available. The second table contains all
metadata information about a provided ZIP file, which is downloaded by the Python script. Here,
information about file name, feature count, geometry type, publication, scale and type of map will
be stored. In the last table all the information about the attributes in a shapefile are present. Since
all provided datasets have more or less similar structure, only those attributes with the most
meaningful values for the end-users are chosen for the import into the database. The illustration
below represent the used database model (Figure 2-7).
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Figure 2-7: Database model.

All the tables linked with foreign keys so that complex queries over all the three tables are possible.
All attributes, which cannot be found within the three tables, have been neglected for this project.

2.3.2 IMPLEMENTATION OF EMS INTEGRATION MODULE
This section summarises the processing chain and implementation of the system and starts with an
overview of the architecture:

Figure 2-8: EMS Integration Module processing chain.
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The processing chain begins with a new disaster activation published on the Copernicus EMS via the
GeoRSS feeds. This trigger begins a series of processing steps that are necessary to produce the
database table entry, which then are delivered to IDI of the cloud infrastructure. The GeoRSS used
to trigger the processing chain carries the internet address (URL) of the EMS activation.
Using this information, the program can then access the EMS website and harvest the required
information to continue. EMS activations produce map products focused on the crisis region. The
coordinates used for each of the map products are the geospatial information required to continue
the processing chain. The Copernicus GeoRSS feed is providing information in near-real time for
each occurred disaster event according to the activation time. The rush mode event mapping
includes worldwide data which will be all included in our database. A unique URL defines each event,
where all relevant maps and metadata are packed in ZIP files, which are downloaded automatically
through HTML parsing and website control functions, e.g. confirming the disclaimer of liability
before each file download.
The parsing functions define the exact path to the stored ZIP packages via the Copernicus GeoRSS
feed HTML source code. The files are unpacked locally on the data integration backend live server
and ingested in the PostgreSQL database. Meaning, each event includes several mapping and detail
versions. They are identified through unique namespaces: One shapefile per event and detail
version is loaded feature-wise into all three tables of the PostgreSQL system, mentioned in the
previous section. The geometry of each feature is stored in a geometry columns in the PostGIS
format “geometry”, which enables the possibility to easily run GIS functionalities over the inserted
features. As the native coordinate system of Copernicus geodata is based on a UTM projection, all
layers must be transformed to EPSG 3857 (WGS 84 Web Mercator), a projection system for web and
mobile applications.
The storage, processing and projection of geodata within the spatial database is done through
PostGIS functions that have proven to be very efficient for the purpose of this data integration
module. The main advantage for the ingestion of those layers into a database is also the provision
of attribute data, spatial indexing and many other spatial analysis functions that might be used on
demand. In order to send the prepared and ready to use data from the PostgreSQL database to IREACT infrastructure, shapefiles with a unique name will be created for each shapefile provided by
Copernicus EMS, which has been successfully ingested. This allows the possibility to add only those
attributes to shapefiles, which are necessary for the mapping of the data in the I-REACT front-end.
This step is carried out with the command line tool pgsql2shp, which is included in the PostGIS
extension of the PostgreSQL database system. With the help of pre-defined SQL statements, only
the desired data can be retrieved from the database by adding the statement to the PostGIS
command line tool. After the shapefiles were locally produced, they will be compressed and zipped
in order to facilitate the handling of the data within the I-REACT back-end in the Azure cloud. Via
HTTP request data can be send via the web.
The IDI offers an API in order to authenticate users, query the metadata table within the I-REACT
infrastructure and insert new datasets to back-end of Azure cloud system by using RESTful services
and HTTP request handler. For each zipped shapefile, metadata information will be queried from
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the PostgreSQL database and stored in a so-called Python dictionary variable. Here information from
all three tables will be collected to satisfy the requirements of the IDI API input parameters. Those
data are relevant to create in a later stage a metadata document about each layer provided in the
front-end. After one dataset and its corresponding metadata has been successfully send to the IDI
via a Python request, the next dataset will be prepared until all data have been successfully send,
belonging to one activation. This import logic is triggered every time a new activation was made
available on Copernicus EMS web site.
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3 EUROPEAN EARLY WARNING SYSTEMS INTEGRATION
3.1 SERVICES OVERVIEW OF THE COPERNICUS EWS
The European early warning systems are made up of two Copernicus services: the European Flood
Awareness System (EFAS) and the European Forest Fire Information System (EFFIS). These systems
provide early warning and monitoring of flood and fire disasters respectively across Europe to
authorised users. They are both under the Copernicus emergency management service (EMS)
(RD04).

3.1.1 THE EUROPEAN FLOOD AWARENESS SYSTEM (EFAS)
The European Flood Awareness System, also known as the European Flood Alerting System – EFAS
– has been in development since 2005 after a European Commission decision was made based on
the aftermath of the devastating Elbe and Danube floods of 2002. EFAS was also the first Copernicus
service to become operational when it became part of the Emergency Management Service of the
Copernicus Initial Operations and in support of the European Civil Protection. The service has been
fully operational since the third quarter of 2012.
As an operational service, EFAS is tasked to forecast and monitor floods across Europe. The primary
clients of the service are the National Hydrologic Services as well as the European Response and
Coordination Centre (ERCC). EFAS is able to provide them with probabilistic flood forecasts with an
early warning window of up to 10 days in advance. In order to provide this operational service there
are four centres charged with executing the different parts of the service:
1. The EFAS Computational centre is where the flood forecasts are produced and the EFASInformation System platform is hosted;
2. The EFAS Dissemination centre is where the EFAS outputs are analysed daily and the
information disseminated to the partners and the ERCC;
3. The EFAS Hydrological data collection centre is where river discharge and water level data
across Europe is collected. Both historical and real-time data;
4. The EFAS Meteorological data collection centre is where the meteorological data across
Europe is collected. Again, both historic and real-time data.
Operationally, each of the centres has been contracted out to different consortia. Details of the
partners involved can be found on the website.
The publicly available data are only past forecasts from the summer of 2014 because the archive
tool is only a prototype. Error! Reference source not found. shows the user interface of the publicly
available service website [RD05]. The real-time flood forecasts are only made available to the
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national/regional partner institutes. Furthermore, the actual EFAS forecast cannot be published
openly due to service licensing restrictions.

Figure 3-1: The EFAS forecasting website that is publicly accessible. Note that the public service does not provide
current flood forecasts.

3.1.2 THE EUROPEAN FOREST FIRE INFORMATION SYSTEM (EFFIS)
EFFIS - the European Forest Fire Information System is in charge of supporting services related to
the protection of forests against fires across Europe. It was established by the EC in 1998 in
collaboration with the national fire administrations and is supported by a network of experts from
EU countries as well as neighbouring countries. This Expert Group on Forest Fires is registered under
the Secretariat General of the European Commission. EFFIS also provides services to other branches
of the EC such as the ERCC and provides harmonised forest fire information to the European
Parliament. It became a component of the Copernicus EMS in 2015. Recently, EFFIS has been
extended to provide global wildfire information through the Global Wildfire Information System
(GWIS).
For downstream wildfire disaster services, EFFIS provides a number of interesting data with a license
that generally appears to be open but not standard [RD06]. Two of the most widely used services
are the following:
•

Current Situation – forecasts of up to 6 days in advance from meteorological fire danger
maps for the current European fire season as well as updated maps of fire hot spots and fire
perimeters;
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•

Fire News – daily updates of news articles related to wildland fires across Europe selected
and geo-located by the EFFIS team.

The current situation viewer (Error! Reference source not found.; RD06) provides the possibility for
users to visualise some of the information made available through EFFIS including:
•

Fire Danger Forecast;

•

Rapid Damage Assessment and;

•

Analysis Tools.

Figure 3-2: The EFFIS Current Situation viewer. This viewer provides current season wildfire situation information
across Europe.

However this is a visualisation tool and the data displayed cannot be directly used as part of a
downstream service. Customers of downstream services are interested in the following pre-fire
state and fire database EFFIS modules mentioned on the service website:
•

Fire Danger Assessment – based on the Canadian Forest Fire Weather Index (FWI) using
current meteorological forecasts. Wildfire danger is mapped into six classes from very low
to extreme;

•

Rapid Damage Assessment – includes active fire detection from satellite image processing of
thermal anomalies and the mapping of burned areas;

•

Emissions Assessment and Smoke Dispersion – not currently publicly available;

•

Potential Soil Loss Assessment – not currently publicly available;

•

Vegetation Regeneration – not currently publicly available;

•

Fire Database – detailed individual wildfire records provided by EFFIS network countries.
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EFFIS also provides a visualisation tool for the fire database (Error! Reference source not found.;
RD07) which at the time of writing provided updates only up to 2014.
It should also be noted that there are some data available through the GWIS that are not provided
through the EFFIS viewer. For example, fire emissions species that are provided by the Copernicus
Atmosphere Monitoring Service (CAMS).

Figure 3-3: The EFFIS historical wildfire viewer showing results for 2014

As shown on the EFFIS ‘data and services’ webpage [RD08], all the data is currently only available as
WMS which is not ideal for downstream services wanting to take advantage of the data to produce
new services and not only view the information.
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3.2 COPERNICUS EFAS DATA PORTAL
The EFAS data portal can potentially provide a wide range of important information to downstream
services in the context of flood disaster early warning. Based on the EFAS archive prototype, the
following geospatial layers are available:
•

Flood summary layers;

•

Hydrological layers;

•

Meteorological layers;

•

Initial Conditions layers;

•

Background layers;

•

Flash flood layers.

The most important data layers to the I-REACT project are the hydrological layers, flash flood layers,
and potentially the flood summary layers.
The hydrological layers provide the flood forecasts for Europe, which are essential to any
downstream early flood disaster warning services. EFAS has the best European wide flood
forecasting system that is able to provide flood forecasts with lead times greater than anyone else
in the EU. This capability would greatly enhance the I-REACT services portfolio and provide an
important basis for new flood disaster related services. Unfortunately, at this time, such layers are
not publicly available or provided as open data. This is due to the licensing issues between the large
number of EFAS partners that makes this service possible. It is also due to the fact that not all
Member States are comfortable with providing disaster warning information immediately into the
hands of the public without first having their authorised experts confirm the flood warning and then
report the warning through the established channels for disaster risk alerting.
From a downstream business service perspective, this is very unfortunate because it does not allow
for the exploitation of publicly funded services for novel applications. However, it is the projects
understanding that the EC is aware of this and is working towards trying to find a mutually
advantageous solution in the near future.
The I-REACT project and this particular task could not just wait and see whether the issue would be
resolved because services were promised and need to be delivered. Therefore, task 3.2 – European
Early Warning Systems Integration that needed to couple flood forecasting from EFAS needed to
find a different solution.
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3.3 COPERNICUS EFAS INTEGRATION
As mentioned in the previous section, direct integration of the EFAS flood forecasts, specifically the
hydrological layers was and currently is not possible through direct access using common
application programming interfaces (API) and/or open services. For this reason, I-REACT worked
closely in collaboration with the JRC and the sub-contractor Kajo S.R.L. to overcome this issue. At
the beginning of the project, an employee of EOXPLORE, the task leader for T3.2 was invited as a
visiting scientist to work on the premises of the JRC in Ispra where the EFAS team is located. Over
the three months when the visiting scientist was working with the EFAS team, the goal of the
cooperation was to identify applicable flood forecasting results and define the processing
methodology so that it can be made available to the I-REACT partners.
This section presents the details of the procedure that translates EFAS discharge forecasts into
classified flood hazard maps that are ingested and processed inside I-REACT. It should be noted that
while the JRC and the I-REACT consortium are constantly looking for ways to extend the service
cooperation beyond the project timeline, it is possible that future access will be stopped post-IREACT due to current data licensing and sharing restrictions.
The flood forecast information that is integrated into the I-REACT service is a procedure that
translates EFAS discharge forecasts into classified flood hazard maps. This procedure is running
concurrently and respecting the time schedule of the operational EFAS suite. Therefore, processed
data are made available twice daily based on the EFAS 00:00 and 12:00 forecasts. The probability of
the EFAS ECMWF ensemble (ENS) based forecasts that exceed the 5- and 20-year return period
(derived from EFAS long term climatology) threshold is taken as a measure of the actual flood
hazard. The 5- and 20- year return period was derived from EFAS long-term climatology studies. In
this way, the range of ensemble forecasts is taken as a measure of the probability of flood
occurrence, whereas flood forecast return periods allow for the estimation of the magnitude of the
predicted flood events.
The results of the EFAS flood forecasts are output in raster format. At each grid cell, the median of
the ensemble forecast given by the latest EFAS prediction is first identified. Then, the maximum
discharge of the median over the full forecasting period, i.e. 10 days, is selected. This selected value
is used to derive the timing of the flood peak. The flood peak is considered as the lead-time, in days,
when maximum discharge is to occur.
In the proposed classification (see Error! Reference source not found.), the total probability of
exceeding certain EFAS thresholds and the peak lead-times are used to classify the potential flood
hazard at every grid cell into 3 distinct classes: low, medium, high.
Table 3-1: Flood hazard classification matrix based on the procedure described in the text.
Peak lead-time
Probability

<24H

48-72H

>72H

10-20

Medium

Low

No

20-50

High

Medium

Low

>50

High

High

Medium
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The first flood hazard scenario uses the “raw” EFAS information. Raw EFAS information assumes
that no flood protection measures are taken into account. This scenario provides the floods hazard
assessment based on the natural hydrological response of the system and it is up to the user to
evaluate the potential effects based on the known local flood protection infrastructure. An
important limitation of this approach is the fact that there is a higher number of false alerts
produced.
In the second scenario, there is the inclusion of some information related to flood protection
infrastructure. The data on flood protection was compiled based on risk-based estimations for
Europe developed by Jongman et al. (2014). This information was integrated, where available, with
the actual level of protection found through literature review and/or assessed by local authorities.
Finally, the predicted EFAS streamflow is compared to the local flood protection level. River grid
cells where the protection level is exceeded are considered to activate the impact assessment
procedure. The flood protection levels are provided as the return period of the maximum flood
event that can be retained by the local defence measures, e.g. dykes. The flood hazard information
is then classified as described above (Error! Reference source not found.).

Figure 3-4: Flood protection levels across Europe based on the Jongman et al. (2014) methodology.

3.4 I-REACT PROCESSING OF EFAS DATA
The goal of the I-REACT project is not only to integrate Copernicus data into the downstream service
but also add value to it for the users and use it to develop new products. This section describes the
methodology that transforms the EFAS flood hazard data to the product that is visualized in I-REACT
by the user.
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An objective of the I-REACT project task T3.2 – European Early Warning Systems Integration, is to
integrate EFAS data. Before describing this methodology and to avoid confusion it should be noted
that within the I-REACT system, the word task has also been adopted to describe a piece of data
and/or information that is being ingested into the system. While a more in-depth description is
found elsewhere (see Work Package 5 documentation), this note is to clarify for the reader the
difference. An I-REACT system task has four digits to identify the data. For example: task 3201. This
is the easiest way to differentiate between project Tasks (e.g. 3.2) and I-REACT system tasks.

3.4.1 AFFECTED COMMUNITIES BASED ON THE EFAS 5-YEAR RETURN PERIOD
FORECAST
The first data processing workflow to be described is the ingestion of EFAS 5-year return period
flood hazard forecast data to delineate potentially affected communities. In the I-REACT system,
this data task number is 3201 and involves the processing of the EFAS data to the NUTS
(Nomenclature of territorial units for statistics) 3 administrative level [RD09]. NUTS levels were
chosen because this hierarchical system for dividing up the EU territory helps harmonise the data
across Europe and have been delineated for specific diagnoses.
Error! Reference source not found. describes the processing chain that is used to generate task
3201. The majority of the processing tasks are based on the use of Open Source technologies both
to gather and then process the data.
As mentioned in the previous section, the flood hazard classification data is produced at the same
time as the EFAS 00:00 and 12:00 forecasts. Therefore, the task processing is scheduled to run soon
after the expected time that the data would be made available. Any kind of forecasting is
computationally intensive. Furthermore, the EFAS flood forecasting is based on other weather
forecast outputs and even though they are operational, issues can occur that either prolong the
processing or stop the forecast from being produced. Consequently, the task 3201 processing
actually checks for new flood hazard data three times daily in case the flood forecasts were not
produced on time in order to capture the EFAS data as soon as it is available. This is to ensure that
the model can be run and produce the wanted output and finally delivered to the I-REACT IDI as
quickly as possible after new flood hazard forecast information is available.
At the moment, the scheduling of the process is not in-line with the current state-of-the-art
technologies that are being implemented in the I-REACT system. Ideally, one would like the EFAS
data to automatically let the task 3201 process know that the data is ready for processing. At this
time, the flood hazard input data is provided via FTP that requires the task 3201 to check whether
there is a new file based on timestamp and agreed upon file naming convention. This issue is caused
by the fact that EFAS does not provide any public API’s to connect with the outputs that are
produced. However, this may change in the future and would certainly improve downstream
processing. The partners will update the process if and when there are service upgrades with respect
to this issue.
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The diagram below (Error! Reference source not found.) describes the process to produce task
3201. The EFAS flood hazard forecast data is taken directly from a secure FTP1 (File Transfer
Protocol) server. Access to the FTP server requires authentication because of the EFAS data licensing
and sharing restrictions. Since the availability of the data varies from day to day, i.e. not all
scheduled EFAS runs are successful, the task 3201 process needs to keep track of the last successful
process. By keeping track of the successful EFAS outputs, the task 3201 starts the current process
from this time plus 1 day. Due to late and/or incomplete flood hazard forecast runs, this could be
the model run date minus 1 to 2 days.
As shown in the process diagram, there is a local database table that keeps this information current.
The PostgreSQL2 database table is queried based on in-house developed Python3 programming
language code to query for the last successful flood hazard forecast run date.
The task 3201 process then downloads the EFAS archive file containing the raster data in GeoTiff4
formatted files for the flood hazard forecast based on the 5-year return period and the 20-year
return period.

Figure 3-5: Description of the processing chain for the I-REACT task 3201 for the production of the 5-year return period
flood hazard forecast output.

Once the EFAS data is stored locally and extracted from the archive, the task 3201 model uses the
Python library rasterstats, to extract the statistical values. Rasterstats is a Python module for

1

https://en.wikipedia.org/wiki/File_Transfer_Protocol
https://en.wikipedia.org/wiki/PostgreSQL
3
https://en.wikipedia.org/wiki/Python_(programming_language)
4
https://en.wikipedia.org/wiki/GeoTIFF
2
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summarizing geospatial raster datasets based on vector geometries5. The rasterstats library is run
against the GeoTiff raster and a vector file of the NUTS 5 administrative boundaries. The values
extracted from the GeoTiff pixels are the number of flood forecast models predicting a potential
flood for that specific area. In order to prepare the results for I-REACT, a percentage is computed by
dividing the value from the pixel by the total possible number of model runs which is 51. This result
is then stored locally in the PostgreSQL / PostGIS6 database that is linked to the NUTS 5 geospatial
ID.
A PostGIS view then matches the Commune ID to the ID of a table containing the Commune details
including the geometry. The result from this view is then called from the Python Model to load into
the spatial data library GeoPandas. GeoPandas7 is an open source project whose goal is to make
working with geospatial data in Python easier.
Using GeoPandas, the model checks each geometry and flood maximum percentage value as
described above and adds style related columns and values for each row. This information is to be
used in the final part of the process where the GeoJSON file is produced.
As shown in the task 3201 process figure (Error! Reference source not found.), the process then
saves the data object to a vector file of the type ESRI Shapefile8 (SHP). The Shapefile contains all the
required data before it is finally converted to the wanted I-REACT standard vector file type GeoJSON.
The GeoJSON9 geospatial vector data file format is an open format and is standards based. This file
type was chosen to be the primary geospatial data format for sharing within the I-REACT project
specifically because it is standards based, open and easily ingested by many different tools. The
additional step, i.e. converting the shapefile into a GeoJSON file, is required in order to allow for the
model to produce the GeoJSON data based on the latest standards including the right hand rule for
vector geometry.
Once the GeoJSON file has been produced, the model builds the required IDI metadata object that
describes the generated GeoJSON file. The code then uses the I-REACT IDI service to upload the data
produced. Once complete, the model stores a log of the process to the local database.
The following Figure 3-6 shows the final GeoJSON result for a section of North Western Poland and
North Eastern Germany. The shapes are based on the NUTS 5 level administrative boundaries that
potentially could be affected by flooding.

5

https://github.com/perrygeo/python-rasterstats
https://en.wikipedia.org/wiki/PostGIS
7
http://geopandas.org/
8
https://en.wikipedia.org/wiki/Shapefile
9
http://geojson.org/
6
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Figure 3-6: Final 5-year flood hazard forecast output in GeoJSON file format. The darker the blue colour, the greater
the flood hazard forcast.

3.4.2 AFFECTED COMMUNITIES BASED ON THE EFAS 20-YEAR RETURN PERIOD
FORECAST
The I-REACT task 3202 is the same as the task 3201 from a processing perspective but the EFAS input
is different and therefore provides a different end result. Therefore, many of the details provided in
the processing description for task 3201 will not be repeated here.
The process for task 3202 is run against the 20-year flood hazard forecast produced by EFAS. The
processing diagram is presented in Error! Reference source not found. where the communities
potentially affected by flooding are delineated based on NUTS 5.

Figure 3-7: Description of the processing chain for the I-REACT task 3202 for the production of the 20-year return
period flood hazard forecast output.
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To highlight some of the differences in the data and results of the two tasks, the following Error!
Reference source not found. presents the input data for a given location for both the 5-year and
20-year return periods. Note that the expected behavior is that wherever there is a 5-year forecast
a 20-year forecast should also be present. However, the reverse is not true because under normal
conditions, a larger flood event (20-year return period) should not be forecast without the ability to
forecast a smaller event (5-year return period). This is shown in Error! Reference source not found.
where the 5- and 20-year return period forecasts are overlapping. In dark blue is shown the 20-year
whereas the light blue grid points are the 5-year return period.
The next step is to take those grid points and make them more easily to interpret and visualize.

Figure 3-8: Comparing a 5-year (left side) and 20-year (right side) return period flood hazard forecast. Here the 'raw'
data is presented at the pixel level.

Figure 3-9: Five- and twenty-year return periods for the flood hazard forecast overlapping. Please refer to Error!
Reference source not found. for the separate flood hazard forecasts.

Due to the fact that decisions with respect to how to react to a flood disaster warning is orchestrated
by the national and/or local authorities responsible, the relevant region is provided as the output
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rather than a pixel. This processing was also applied for the other I-REACT services that need to
know place names and/or locations to monitor other information sources once a warning has been
posted. For example, having place names allows the social media monitoring to look out for the
names with respect to flood occurrences.
In Error! Reference source not found., the NUTS 5 level vector data is placed in the background to
show how the different grid values intersect with the administrative boundaries. These two types
of information are merged together in order to produce the final output that is sent to the I-REACT
IDI for sharing with other partners and visualization.
The final GeoJSON output is presented with the statistics for each NUTS 5 level polygon (Error!
Reference source not found.). The differences in the blue shading indicates the number of flood
models indicating a flood. As described in the previous section, there are a total of 51 different
models used and therefore, the more models that are forecasting a flood, the greater the possibility
of an actual flood disaster.

Figure 3-10: 5- and 20-year flood hazard forecast with NUTS level 5 data in the background.

Figure 3-11: The final 20-year flood hazard forecast in GeoJSON format. The blue shading provides information about
the number of models forecasting a flood disaster. Darker = more models forecasting flood.
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It is up to the national, regional, and/or local authorities to interpret the flood hazard forecast
warnings. The darker the blue, the more they should be paying attention to their local forecasts and
putting into motion their respective action plans. Each polygon that is provided to the I-REACT
system also provides the distribution of the flood hazard forecast values. This essentially is the
number of models out of 51 possible that are indicating river flood potential based on the most
recent weather forecasts.

3.5 COPERNICUS EFFIS DATA PORTAL
The European Forest Fire Information System provides standardised Web Map Service10 (WMS)
interface that is OGC compliant. From the EFFIS data and services webpage11, it is possible to
download data. The Error! Reference source not found. provides a listing of the different datasets
made available through WMS.
Table 3-2: Available EFFIS data through WMS.

Dataset

Hot Spots
MODIS

Hot Spots VIIRS

Burned Area
MODIS

Burned Area
VIIRS

Layer
Last 24 hours
Last 7 days
Last 30 days
Last 90 days
Fire season
The WMS standard protocol serves geo-referenced map images. This means that these are simply
geo-referenced pictures and therefore they do not store the real measures that the I-REACT
downstream service is interested in. WMS is primarily used for visualisation purposes. However, the
I-REACT project wants to further use the available EFFIS wildfire information to integrate it into the
different geo-processing chains and business logic. Therefore, WMS is not the standard protocol
that is useful when downstream services need access to the actual measures represented by the
images. To better understand this issue, please refer back to Error! Reference source not found.
where the current situation viewer is showing the fire danger forecast based on the weather index
(FWI). The different colours of the visualisation represent actual values of the FWI. However, when
accessing this data via the WMS, one only knows that it is red or green. One cannot know the actual
pixel value that caused that area to be coloured red. A different protocol would need to be available
in order to get access to the raw data that is needed for further processing and not just visualisation.
There is a possibility to acquire the wanted data offline through a data access request. EOXPLORE
took advantage of this in order to better understand the data available when the JRC welcomed an
10
11

https://en.wikipedia.org/wiki/Web_Map_Service
http://effis.jrc.ec.europa.eu/applications/data-and-services/
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employee as a visiting scientist. Together with the EFFIS team, we were able to get access and see
the type of data that EFFIS has in their wildfire databases. Unfortunately, this is not a viable solution
for downstream services because of the lag time to make wanted data available.
The EFFIS team is continuing to work on developing their services. There is a test website where the
EFFIS API that potentially will be made available in the future is hosted [RD10]. Based on the details
that can be viewed through this test website, the I-REACT partners are very confident that
eventually a fully automated connection through a standard API such as REST12 will be possible with
EFFIS. Furthermore, there are many new data and services listed from which I-REACT could also
benefit. This is exactly how downstream services should access Copernicus services.

3.6 COPERNICUS EFFIS DATA PORTAL
Unfortunately, this also meant that the project partners could not ‘wait and see’ whether EFFIS
would implement the necessary API to access the wanted European wildfire data from the
Copernicus EFFIS portal. Consequently, an alternative solution needed to be found in order to be
sure that the I-REACT system was able to ingest the needed European wildfire information.
The solution in this case was on the one hand to use the I-REACT partners’ access to weather
forecast data and processing expertise to re-produce the European Fire Weather Index and on the
other hand to find another provider of the fire hot spot data. The next two sections provide the
details of how the hot spot data and the FWI are processed and provided to I-REACT. These are
specifically related to the I-REACT tasks 3203 to 3206.

3.6.1 THE FIRE WEATHER INDEX
One of the ways that EFFIS monitors for wildfire potential across Europe is to compute the Fire
Weather Index (FWI). This is a weather forecast based index developed by the Canadian Forest
Service and tested by the EFFIS team to be one of the best. It requires as input a weather forecast
which is primarily provided by the ECMWF although EFFIS also uses other national weather forecast
models. For I-REACT, our partner FMI has access to the European weather forecast from the ECMWF
but also produces a finer spatial resolution weather forecast called the Grand Limited Area Model
Ensemble Prediction System or GLAMEPS for short. Both of these forecasts are used to compute the
FWI. Another I-REACT partner, Meteosim is producing the FWI based on the two forecasts. The
details of how this is done is provided through reporting from the I-REACT Work Package 4 and
therefore will not be duplicated here.
The FWI13 essentially provides a measure of wildfire danger based on weather forecasts.

12
13

https://en.wikipedia.org/wiki/Representational_state_transfer
http://cwfis.cfs.nrcan.gc.ca/background/summary/fwi
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3.6.2 AFFECTED COMMUNITIES BASED ON THE FWI
The first I-REACT task to process the FWI data is 3203 to delineate the communities that have a high
fire danger potential. This task is based on the computation of the FWI based on the ECMWF
forecasts. This is similar to the primary FWI product produced by EFFIS and available through their
viewer.
As with the previous tasks using EFAS information, these processing chains also make use of open
source projects including:
•

PostgreSQL / PostGIS – for geo-spatial database access;

•

Python – including many different data processing libraries;

•

And GDAL – the Geospatial Data Abstraction Library14.

Furthermore, these processing chains take advantage of the ServiceBus messaging service and the
IDI of the I-REACT system as it was designed and developed specifically for this project. Error!
Reference source not found. shows the processing steps.

Figure 3-12: The processing chain for I-REACT task 3203 based on the ECMWF FWI data.

As shown in the data listening section of Error! Reference source not found., there is a data listener
that has been implemented in Python. Within a continuous loop, this listener is listening for
messages from the I-REACT system, i.e. the ServiceBus, for any updates regarding the I-REACT task

14

http://www.gdal.org/
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4302. Note that this task begins with the number four which means it is based on work package 4
results. Specifically, the I-REACT task 4302 is the ECMWF based FWI data produced by the project
partner Meteosim in the NetCDF15 format as a substitute for the EFFIS missing data. The data
listener for task 3203 is subscribed to specifically receive messages about the task 4302.
The messaging service, as implemented in the I-REACT system, is the current state-of-the-art to
implementing web based services. This allows a service to immediately react when a message is
received. Unlike the older solutions whereby a service would need to constantly check whether a
file was updated remotely.
As shown in the data listening section of Error! Reference source not found., there is a data listener
that has been implemented in Python. Within a continuous loop, this listener is listening for
messages from the I-REACT system, i.e. the Service Bus, for any updates regarding the I-REACT task
4302. Note that this task begins with the number four which means it is based on work package 4
results. Specifically, the I-REACT task 4302 is the ECMWF based FWI data produced by the project
partner Meteosim in the NetCDF16 format as a substitute for the EFFIS missing data. The data
listener for task 3203 is subscribed to specifically receive messages about the task 4302.
The messaging service, as implemented in the I-REACT system, is the current state-of-the-art to
implementing web based services. This allows a service to immediately react when a message is
received. Unlike the older solutions whereby a service would need to constantly check whether a
file was updated remotely.
When a message is received it alerts the task 3203 to the fact that there is new FWI data available
for processing. This essentially triggers the processing chain based on the ECMWF FWI data. The
first step is to query the I-REACT IDI for the specific data service Uniform Resource Locator17 (URL)
for the task that sent the message, i.e. 4302 in this particular case. The query returns a list of the
data URLs created. This list is made up of the most current data plus all data created in the last two
days since. With this list in-hand, the model chooses from the list the latest data available and
downloads it to the local processing directory.
Once the data has been downloaded, the data processing can begin. First, the data must be
extracted from the downloaded NetCDF file. Specifically, the model needs the maximum FWI values
for the current date as well as the next two days. This is possible because the FWI is based on
weather forecast data. The result is the creation of three different FWI datasets in GeoTIFF format.
The next step is to compare the raster data (FWI) to the NUTS level 5 vector data. Both types of
geospatial data are in the projection EPSG:4326 which is the World Geodetic System (WGS) 1984
standard.
The FWI raster data is processed using the Python rasterstats library in order to extract the pixel
values and then return the statistical data for each NUTS 5 polygon. The raster values include the
FWI maximum, minimum and 90th percentile which are then stored with the NUTS 5 level polygon
15

https://en.wikipedia.org/wiki/NetCDF
https://en.wikipedia.org/wiki/NetCDF
17
https://en.wikipedia.org/wiki/URL
16
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ID in the local PostGIS database. A PostGIS view then matches the NUTS level 5 ID to the ID of a table
containing the polygon details including the geometry. The result from this view is then called from
the Python model to load into the spatial data library GeoPandas.
Using GeoPandas, the model checks each geometry and the FWI max value and adds style related
columns and values for each row. This information is used in the final steps of the process to produce
the final GeoJSON output file.
The next step in the process saves the data object as an ESRI shapefile containing all the required
information before converting this shapefile into a GeoJSON. This additional step is required to allow
the processing model to produce a standardised GeoJSON file, including the addition of the righthand rule for specifying polygon geometry. Once the GeoJSON file is ready, the model builds the
associated IDI metadata object describing the three generated GeoJSON files. In order to share the
GeoJSON files correcly, the metadata includes the FWI lead time as well as the order in which they
should be visualized for display by the I-REACT client. The process continues by uploading the task
3203 result to the I-REACT service via the IDI. Once the process is complete, the model stores a log
of the process to the local database.
The following Error! Reference source not found. presents an example of the task 3203 GeoJSON
output. The table presents some of the values associated with the NUTS level 5 polygons including
the FWI statistics.

Figure 3-13: The I-REACT task 3203 output based on ECMWF FWI data. The table presents some of the details stored
in the GeoJSON polygons.
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3.6.3 AFFECTED COMMUNITIES BASED ON THE FWI – NUTS LEVEL 3
Similar to the previous section, it is also possible to produce the FWI but based on larger
administrative boundaries. In this case, the administrative boundaries are based on NUTS level 3.
This is useful in cases where similar FWI are covering large areas and more general national statistics
are required.
This processing chain was given the I-REACT task number 3206 and is also based on the ECMWF
weather forecast FWI. Due to the fact that the majority of the processing is similar to that of the
task 3203, the details will not be repeated in this section. Error! Reference source not found.
presents the same processing chain with the output of task 3206 presented in Error! Reference
source not found.. Note the much larger regions having the same FWI output. The location is of
southern France and north-eastern Spain. The table inside the figure presents the different statistics
that can be queried through the GeoJSON file and therefore are also available through the I-REACT
user interface.

Figure 3-14: The I-REACT task 3206 output based on ECMWF FWI data. The table presents some of the details stored
in the GeoJSON polygons.

3.6.4 FIRE HOT SPOT DETECTION ACROSS EUROPE
The FWI provides a measure of the wildfire danger however, this only provides information to
experts and local authorities about the potential of the wildfire should a fire start. The fire hot spots
are locations where elevated temperatures were identified through satellite based Earth
Observation (EO) techniques. They are also called ‘active fire data’ indicating the fact that a
potentially active fire has been identified in the satellite imagery.
Active fire data is currently acquired via two different EO sensors: the Moderate Resolution Imaging
Spectroradiometer (MODIS) and the Visible Infrared Imaging Radiometer Suite (VIIRS). In the future,
it is hoped that the Copernicus Sentinel-3 sensor will be added to the list. The hot spots or active
fires are based on thermal processing of the imagery to identify ‘hot’ pixels. Fire detections from
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the two sensors can differ slightly due to the spectral bands that they use to identify hot objects.
There is also a difference in the spatial resolution because MODIS provides output at 1km spatial
resolution whereas the VIIRS sensor data is able to provide greater response over fires of relatively
small areas due to its spatial resolution of 375m. Furthermore, the active fire data are designed to
be provided in near real-time. What this means is that the teams processing and delivering attempt
to process and make available the hot spot information as quickly as possible. In general, this is
within three hours of the satellite acquiring the imagery.
Both types of fire hot spot data are used within the Task 3.2. While it is not clear from which service
the EFFIS team downloads their fire hot spot data, it is known that they are from the same satellites.
For this reason, the two fire hot spot data are integrated into the I-REACT system.

3.6.5 AFFECTED COMMUNITIES BASED ON THE VIIRS FIRE HOTSPOT DATA
The I-REACT task 3204 involves the processing of VIIRS hot spot point data and again the data
processing is as much as possible based on open source technologies. Such technologies are used
both in gathering the data as well as processing it.
At the moment, VIIRS active fire data for Europe is downloaded from an FTP server. Unfortunately,
there is no messaging service that alerts the task 3204 to new data and therefore the task must
check regularly for new input. However, this may change in the future if a more suitable service is
found. The following diagram (Error! Reference source not found.) presents the processing steps of
task 3204.

Figure 3-15: The processing steps of the I-REACT task 3204 to process VIIRS based active fire data to delineate affected
communities.
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Once the hot spot data has been downloaded from the FTP server, which occurs once daily, the
processing can begin. As with other operational data, there is no guarantee that it will be available
when it is expected. Therefore, as shown in the processing diagram, it is necessary to check for new
data against local logs to be sure unnecessary processing is done.
The VIIRS European daily data is delivered in the CSV18 file format in the EPSG:4326 projection. The
availability of the data varies from day to day and so the process needs to keep track of the last
successful process and starts the current process from this time plus 1 day (this could be the model
run date minus 1 to 2 days). This process runs as a loop and therefore if there was an issue and/or
a gap in the availability of data, the process will attempt to catch up in processing all the available
data to the current date.
To achieve this, the Python code queries a local database table in PostgreSQL for the last successful
run date. The first step of the process is to import and load the hot spot data into a PostGIS spatial
table, converting the CSV data into point geometries. A PostGIS view is then used to query a spatial
table of the NUTS level 5 boundaries across the EU to find those which contain a hot spot and the
number of hot spots within the polygon. The result from this view is then called from the Python
model to load into the spatial data library GeoPandas.
Using GeoPandas, the model checks each geometry and counts the number of values indicating hot
spots. Then the process adds style related columns and values for each row. This is to be used in the
final part of the process where the GeoJSON is produced. The process then saves the data object
to an ESRI shapefile containing all the required data before converting this shapefile into a GeoJSON
file type. This additional step is required to allow for the model to produce the wanted GeoJSON
output file in the latest standard including the right hand rule for geometry.
With the final GeoJSON output file ready, the model builds the required IDI metadata object
describing the generated GeoJSON file that will be displayed by the I-REACT client. The code then
uses the I-REACT IDI service to upload the fire hot spot information layer. Once complete the model
stores a log of the process to the local database. A sample GeoJSON output of the task 3204 is
presented below (Error! Reference source not found.).

As shown in the Error! Reference source not found., each polygon provides the number of hot spot
pixels identified within the region as well as other information about the polygon such as location
and ID.
The same VIIRS active fire data is used for the I-REACT task 3205. This task shows the locations of
the pixels that were identified as fire hot spots. The task 3205 involves accessing the VIIRS hot spot
point data and converting it to the required GeoJSON output format to upload to the IDI and then
displayed via the user interface. This process continues to be based on a number of open source
technologies that are used to gather and then process the data.

18

https://en.wikipedia.org/wiki/Comma-separated_values
Project: I-REACT
Grant Agreement: 700256

“Report on EMS, European Early Warning
Systems and Sentinel data integration”
Call ID: H2020-DRS-1-2015

Deliverable ID: D3.1
Page: 49 of 84

Improving Resilience to Emergencies through Advanced Cyber Technologies

Figure 3-16: The VIIRS active fire product used to produce delineations of the NUTS 3 level regions where they were
identified. The table shows that each of the polygons provides the number of hot spot pixels found within that region
(count).

The diagram in Error! Reference source not found. describes the processing steps. The first part of
the process follows the same step as task 3204 because it is based on the same VIIRS active fire
point data that is available in the PostGIS table. A PostGIS view is then used to query a spatial table
of NUTS level 5 boundaries across the EU to find those hot spots which are within the full extent of
the commune boundaries. The resulting point data from this view is then called from the Python
model to load into the spatial data library GeoPandas.
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Figure 3-17: The processing steps to produce the I-REACT task 3205 GeoJSON output.

Using GeoPandas, the model adds style related columns and values for each row. This is to be used
in the final part of the process where the GeoJSON output file is produced. The task 3205 process
then saves the data object as an ESRI shapefile containing all the required data before converting
this shapefile into a GeoJSON file type. The remainder of the processing is the same as that for the
I-REACT task 3204.

Figure 3-18: The GeoJSON output of the I-REACT task 3205 showing the VIIRS active fire data points within the NUTS
level polygons.

The example output shown in Error! Reference source not found. shows the result of the task 3205.
The VIIRS active fire locations are mapped on top of the results from task 3204 providing a better
sense of where the hot spots are found within the context of the commune polygon.
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3.7 DISCUSSION
The Task 3.2 – European Early Warning Systems Integration was first and foremost to depend on
the Copernicus Early Warning Services, EFFIS and EFAS for data and information on flood and
wildfire monitoring to be integrated as part of the I-REACT downstream services. Unfortunately, up
to the time of writing of this report, those services are not available and/or able to provide
operationally data for downstream services as expected. However, even though this particular
project Task 3.2 was unable to directly use the EWS services directly, the necessary and proposed
‘downstream’ services based on the expected Copernicus EWS have been implemented and
integrated into the I-REACT system. This was achieved through close collaboration with the JRC
including the hosting of a research scientist from EOXPLORE for three months. Furthermore, this
could not be achieved with the help of other I-REACT partners that have access to the required input
data (FMI = weather forecast) and the expertise to produce the wildfire monitoring information
(Meteosim = FWI).
The results achieved have laid the groundwork for other possible Copernicus services that may in
the future provide wanted information for downstream disaster services but also is ready when the
wanted Copernicus EWS data becomes available. Connecting to use EFFIS and EFFAS data in the
future should be quite simple.
An important point to remember with respect to the task 3.2 is the fact that it is possible to deliver
standard GeoJSON disaster related information from a variety of sources. This is an important
project achievement because it demonstrates the strengths behind the technological design of IREACT. Even though data is coming from different places and in different formats, the processing
tasks can deal produce the wanted standard data product based on open source technologies to be
ingested into I-REACT and provide fire and flood disaster insights.
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4 EXISTING LOCAL EMS INTEGRATION
4.1 OVERVIEW OF LOCAL EMS
The integration of local Emergency Information Systems in the I-REACT framework focuses on
obtaining information concerning alerts and measurements from monitoring systems. The risks we
are focusing on, for this activity, are flood, landslide, extreme weather events and fires; actually, for
these hazards we can define more easily a clear flow of information from forecast to emergency
management.
Alerts:

In this case, we mainly extract and integrate the content of bulletins
that predict fires and/or meteorological and hydrogeological
phenomena.

Monitoring Systems:

In this case, we extract and integrate both raw measures from sensors,
such as water and rain gauges, as well as information about measures
exceeding warning thresholds

To achieve this, we have designed and developed the LEMS (Local Emergency Management
Systems), a specific integration module, which provides:
§

connection to external data sources;

§

appropriate processing of data format, from a technical point of view;

§

simple logical rules, useful to understand the content;

§

standardization and transfer to the I-REACTOR

After their ingestion in the I-REACTOR, these data become precious ‘trigger events’ for the I-REACT
infrastructure and can activate additional actions, on the basis of automatic flows, defined in
advance and suggested by the Decision Support System Module (DSS), or manually scheduled by
emergency managers.
For example, the arrival of information about exceeding a warning threshold, in a hydrometer
measure, may require a local monitoring campaign in the affected area by UAV or technicians /
experts who can report through mobile applications.
A flood alert code on a large area, instead, may require a wide dissemination of information to
affected populations and/or the activation of specific interactions with social networks.
In this first phase we have selected and connected sources from countries where project
demonstrations are planned: UK, Finland, Italy, Spain and Sava River Basin. However, the LEMS
module has been designed and developed to allow, in the future, further integrations of similar data
sources from other European countries (Table 4-1).
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The following table summarizes information about the connected sources.
Table 4-1: Connected sources
Country

Owner

Main Hazards

Content

Original
format

Finland

FMI

Extreme
weather/Flood/Fires

Warning bullettin

Xml cap

Italy

ARPA
Piedmont

Extreme
weather/Flood

Meteo/idrogeological
bullettin

Xml cap

Italy

ARPA
Piedmont

Extreme weather

Thunderstorm bullettin

Xml cap

Italy

ARPA
Piedmont

Flood

Measures from sensors Xml cap
exceeding
warning
threshold

Italy

AIPO

Flood

Raw measures
sensors

Spain

Catalunya Civil
Protection

Extreme
weather/Flood/Fires

Warning bullettin

Webservice

United
Kingdom

Met Office

Extreme
weather/Flood

Meteo/idrogeological
bullettin

Webservice

United
Kingdom

Environmental
Agency

Flood

Local Flood warnings

Webservice

United
Kingdom

Environmental
Agency

Flood

Raw measures
sensors

Bosnia, Croatia,
Montenegro,
Slovenia, Serbia

Sava
River
Basin
Commission

Flood

Meteo/idrogeological
bullettin

from Dbf

from Webservice
Dataset

Note on Xml Cap Standard
If already available, we preferred to integrate external sources exposed in Xml Cap format. The
Common Alerting Protocol (CAP) is a standard protocol used to facilitate emergency information
sharing and data exchange across local and national organizations that provide emergency response
and management services [RD11]. It is a reliable candidate to become a world standard and many
organizations have already adopted it. Its wide diffusion will reduce the disadvantages of nonhomogeneous information formats.
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4.2 SURVEY OF EXISTING EMERGENCY MANAGEMENT SYSTEMS
As mentioned, the analysis of local EMS has been focused on countries where pilot tests of I-REACT
system will be conducted. The comparison of those various systems has led to generalize data
integration services.

4.2.1 FINLAND
The Finnish Meteorological Institute (FMI) is a research and service agency under the Ministry of
Transport and Communications. The main objective of the Finnish Meteorological Institute is to
provide the Finnish nation with the best possible information about the atmosphere above and
around Finland, for ensuring public safety relating to atmospheric and airborne hazards and for
satisfying requirements for specialized meteorological products [RD12].
The Finnish Meteorological Institute monitors the weather in Finland and elsewhere in the world
round the clock. Depending on the situation, it issues warnings on dangerous or hazardous
phenomena in Finland.
The LEMS Module integrates an Xml Cap stream published by the FMI that includes information
contained in their weather-warning bulletin (Figure 4.1).

Figure 4-1: Warnings issued by the Finnish Meteorological Institute

The severity of the warning level is shown on the map by means of a three-colour code system.
§

green - no major danger
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§

yellow - dangerous weather may occur. You are advised to take the weather conditions into
account when you are exposed to weather. You should also keep an eye on the weather and
avoid risks.

§

orange - dangerous weather. The weather may cause injuries and material damage. You
should avoid risks that may be caused by weather. You are advised to keep an eye on the
weather on a regular basis and follow the instructions issued by the authorities.

§

red - very dangerous weather. Injuries and material damage can be expected over a wide
area. You should keep a constant eye on the weather and the awareness level. You should
also follow the instructions issued by the authorities and be prepared for exceptional
measures. The red colour appears on the warning map very rarely.

Warnings are issued separately for each day of the week. For example, on Monday, warnings will be
issued for Monday, Tuesday, Wednesday, Thursday and Friday. They will indicate the worst situation
during that day, such as the strongest wind. The warning threshold is higher in warnings for 2–5
days, and all warnings are not given for periods longer than 24 hours.
The Finnish Meteorological Institute is an information provider for Meteoalarm.eu19, the website
informing public and authorities about severe weather conditions in 36 European countries.
Weather parameters included in Meteoalarm differ from country to country. Finnish Meteorological
Institute (FMI) delivers severe weather information to Meteoalarm about following parameters:
§

Wind

§

Rain

§

Thunderstorms

§

Extreme high temperature (Heat wave)

§

Extreme low temperature (Cold weather)

§

Snow/ice (Road weather)

§

Forest and grass fires

4.2.2 ITALY
Italy
Emergency Managements Systems in Italy are co-ordinated by the Department of Civil Protection
with the Functional Centres Network, having a Centre in each Region and autonomous Province. In
this document we are focusing on the existing EMS in two areas, Piemonte region and the area of
the Po river stretch near Ferrara: these two areas will host the Italian pilot sites for I-REACT.
Piemonte: Among other activities, ARPA (the Regional Agency for Environmental Protection) is the
Functional Centre in Piemonte and operates a hydro-meteorological monitoring system that uses
19

http://meteoalarm.eu/
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automatic tools to determine soil and atmospheric conditions. The interpretation of the data
acquired and the results of data processing by modelling make it possible to carry out the
continuous surveillance of the environment and the territory, to manage prediction, alerting and
monitoring systems for situations requiring special attention, and to update on a continuous basis
the climatological documentation for use in planning and programming activities.
The LEMS Module integrates three experimental Xml Cap streams published by ARPA:

1. Meteo/Hydrogeological warning bulletin (Figure 4-2).
The Agency issues a hydrogeological warning bulletin every day, but it has a validity of 36 hours.

Figure 4-2: Meteo/Hydrogeological warning bulletin issued by ARPA Piemonte

The bulletin provides information on 11 homogeneous areas. In the first section, for each area,
critical situations are highlighted for weather events (avvisi meteo). In the second section, critical
situations related to the effects of weather events are highlighted, in the same areas. In this case,
the critical level is expressed by four standard colour codes.

2. Thunderstorm bulletin
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This service, through meteoradar observations, generates alerts for the imminent arrival of a
thunderstorm and displays nowcast data on the position and amplitude of thunderstorms in
progress (Figure 4-3).

Figure 4-3: Live storm service issued by ARPA Piemonte

3. Measures from sensors exceeding warning threshold (Figure 4-4).
The service provides, for each of the water rain sensors managed by ARPA, a warning concerning
the overcoming of a warning threshold. In this case, besides the indication of the sensor involved,
and the level of criticality, the surrounding area potentially affected is highlighted.

Figure 4-4: Warnings on sensors issued by ARPA Piemonte.
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Po river stretch (Figure 4-5 and 4-6): the Po River Interregional Agency (AIPO) acquires measures
from a large network of water and rain level sensors managed directly by itself, or by the 4 regions
the basin is made up of: Piemonte, Lombardia, Veneto and Emilia Romagna. In I-REACT, at this stage,
we integrate rough measurements from sensors. Future development could include the integration
of the logic required to compare measures with alert threshold values, as in the case of the ARPA
Piemonte service.

Figure 4-5: Monitoring hydro stations – River Po

Figure 4-6: Po river stretch between Ferrara and Panaro
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4.2.3 SPAIN
For Spain (Catalunya) the LEMS Module integrates a warning bulletin published the Meteorological
Service of Catalunya (http://www.meteo.cat/wpweb/divulgacio/la-prediccio-meteorologica/avisos-smp/).

The bulletin is issued each time there is the possibility of reaching a specific threshold (Table 4-2).
The threshold changes depending on the weather event (id meteor).
Table 4-2: Catalunya
Meteor

Intensity of
rain
Accumulation
of rain

Low threshold

Threshold high

Intensity > 20 mm / 30 minutes

Intensity > 40 mm / 30 minutes

Accumulated > 100 mm /24 hours

Accumulated > 200 mm /24 hours

thickness ≥ 0 cm, altitude less than 300 meters

thickness > 5 cm in height less than 300
meters

thickness > 2 cm in altitude over 300 metres up to thickness > 15 cm in altitude over 300 metres
600 metres
up to 600 metres
Snow
accumulated
in 24 hours

thickness > 5 cm in altitude higher than 600 metres thickness > 20 cm in altitude higher than 600
to 800 metres
metres to 800 metres
thickness > 10 cm in altitude higher than 800 metres thickness > 30 cm in altitude higher than 800
up to 1000 metres
metres up to 1000 metres
thickness > 20 cm in heights above 1000 meters up thickness > 50 cm in heights above 1000
to 1500 meters
meters up to 1500 meters

Wind
( Map )

Highest streak > 20 m/s to: Anoia, Alt Penedès,
Bages, Baix Llobregat, Baix Penedès Barcelonès,
Garraf, Gironès, Maresme, el Moianès, Vic, Pla
d'urgell, Segarra, Segrià, Selva, Tarragona, Urgell,
Vallès Occidental and Vallès Oriental

Highest streak > 30 m/s to: Anoia, Alt
Penedès, Bages, Baix Llobregat, Baix Penedès
Barcelonès, Garraf, Gironès, Maresme, el
Moianès, Vic, Pla d'urgell, Segarra, Segrià,
Selva, Tarragona, Urgell, Vallès Occidental
and Vallès Oriental

Highest streak > 25 m/s in: Alt Camp, Alt Urgell, Alta
Ribagorça, Baix Camp, Baix Empordà, Berguedà,
Cerdanya Conca de Barberà, Garrigues, la Garrotxa,
Noguera, Pallars Jussà, Pallars Sobirà, Pla de l'estany,
Priorat, Ribera d'ebre, el Ripollès, El, Terra Alta and
Val d'aran

Highest streak > 35 m/s to rest in: Alt Camp,
Alt Urgell, Alta Ribagorça, Baix Camp, Baix
Empordà, Berguedà, Cerdanya Conca de
Barberà, Garrigues, la Garrotxa, Noguera,
Pallars Jussà, Pallars Sobirà, Pla de l'estany,
Priorat, Ribera d'ebre, el Ripollès, El, Terra
Alta and Val d'aran

Highest streak > 30 m/s Alt Empordà, Baix Ebre and Highest streak > 40 m/s region of Alt
Montsià
Empordà, Baix Ebre and Montsià
State of the
sea

Waves > 2.50 metres (heavy sea)

Waves > 4.00 metres (mar brava)

Cold

Minimum temperature extreme: temperature lower Wave of cold: temperature below the
than the percentile 2 of the minimum temperature percentile 2 of the minimum temperature
daily
daily for three consecutive days or more

Heat

Maximum temperature extreme: a temperature Heat wave: temperature above the percentile
higher than the percentile 98 of the temperature 98 maximum temperature daily for three
maximum daily
consecutive days or more
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The bulletin can contain 7 different possibilities weather event, that are: intensitat de pluja ( =
means rain fall), acumulació de pluja (= accumulation), neu (= Snow), vent (=wind), estat de la mar
(= storm surges), fred (= cold wave) and calor (= heat wave). The second and the third column in the
table represent the two thresholds, Llindar baix = means Low threshold and Llindar alt = means High
threshold. When the meteorological service sends a bulletin, it is updated twice a day (called
“evolucions”) until the end of the episode.

4.2.4 UNITED KINGDOM
For UK the LEMS Module integrates three different web services, provided by Met Office and
Environment Agency:

Meteo warning bulletin (Figure 4-7).
The Met Office provides warnings for England and Wales, concerning hazardous weather events
which have the potential to cause damage, widespread disruption and/or danger to life
(https://www.metoffice.gov.uk/public/weather/warnings).
This service includes warnings on 5 days about rain, snow, wind fog and ice represented by a colour
depending on a combination of both the likelihood of the event happening and the impact the
conditions may have.
The basic message associated with each warning level is:

•

You may need to take action as we are
expecting ...
There will be ...

Medium

•
•

We should be prepared for ...
There is likely to be ...

Low

•
•

Be aware of the potential/possibility ...
There is the small chance of ...

•

Be aware that there is a very small risk of ...

•

High

Very Low
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Figure 4-7: Meteo warning bulletin issued by Met Office

Flood warnings (Figure 4-8).
The Environment Agency provides local flood risk warnings and publishes detailed information on
the potentially affected areas (https://flood-warning-information.service.gov.uk/warnings).

Figure 4-8: Flood risk warnings issued by Environment Agency.
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Raw measures from sensors
Another service, published by Environment Agency, provides data from the monitoring stations
checking regularly the river and sea levels, helping to understand the current and future flood risk
(https://flood-warning-information.service.gov.uk/river-and-sea-levels)

4.3 DEFINITION AND DEVELOPMENT OF INTEGRATION SERVICES
The LEMS module has been designed to extract information coming from the local Emergency
Management Systems, and to integrate it into I-REACT.
Every local service is sending its own set of information, therefore a first effort was aimed at
extracting common set of core data, basically what, when and where.
For the bulletins and alerts:
-

information on the hazard type and severity
information on the temporal extent (date of issue, date of expiry)
information on the location (polygon representing the affected area)

For the sensors data:
-

information on the measure: what kind of sensor, value measured
temporal information: date and time of the measurement
information on the location (coordinates of the measuring station)

The integration schema below summarizes the interactions between the modules of the I-REACT
system (Figure 4-9).

Figure 4-9: LEMS integration module and the I-REACT system.
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For bulletins and alerts, the LEMS module sends the data to the I-REACT Data Interface module,
following a standard I-REACT template.
The LEMS module stores the metadata are stored in the Data layer, and produces one or more
GeoJSON file that will be available via the I-REACT front-end or mobile app. For this task a dedicated
set of database tables is used by the LEMS to store both retrieved information from the source
providers, and background information (for example the geographical data that are necessary to
create the GeoJSON files, Figure 4-10)).

Figure 4-10: LEMS database
Table 4-3: I-REACT Data Interface attributes

Required attributes

Optional attributes

identification_resourcetitle

layerattributes

identification_resourceabstract

identification_coupledresource

identification_resourcetype

temporalreference_dateofcreation

identification_resourcelanguage

qualityandvalidity_lineage

classification_topiccategory

qualityandvalidity_spatialresolution_latitude

classification_spatialdataservicetype

qualityandvalidity_spatialresolution_longitude

keyword_keywordvalue

qualityandvalidity_spatialresolution_scale

keyword_originatingcontrolledvocabulary

constraints_conditionsforaccessanduse

temporalreference_start

constraints_limitationsonpublicaccess
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Required attributes

Optional attributes

temporalreference_end

metadataonmetadata_date

temporalreference_dateofpublication

metadatafileuri

temporalreference_dateoflastrevision

sourcenames

qualityandvalidity_spatialresolution_measureunit

creationtime

conformity_specification

lastmodificationtime

conformity_degree

isdeleted

metadataonmetadata_language

deletiontime

coordinatesystemreference_code

geographicboundingboxes

coordinatesystemreference_codespace
ireacttask
acquisitiondate

Table 4-4: GeoJSON attributes

Required attributes
service
hazardCode
hazardGLIDECode
hazardName
hazardLevel
hazardLevelDescription
areaName
dateStart
dateEnd
dateLastRevision
creationDate
organizationName
country

An example for the hydrogeological bulletin issued by ARPA is sketched in the figure below.
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Figure 4-11: ARPA Hydrogeological bulletin in I-REACT.

Alert bulletins are often issued with different lead times. For example, the UK Flood Risk bulletin
contains 5-day flood risk for England and Wales. The LEMS module processes this information daily,
producing one file containing metadata information and five different GeoJSON files, one for each
day of forecast, that can be served as maps, etc.
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In some cases, for example when a flood alert is issued for a localized area, and it might be useful
to notify first responders and citizens active in that area, the LEMS module can send the data to the
I-REACT backend module, and the data will be used in the I-REACT system to create a report.
An example is the UK service providing flood warnings for England (https://flood-warninginformation.service.gov.uk/warnings). The data is structured as explained in the table below, and
the integration task will take care of mapping the input data to this structure.
Table 4.5: Data structure of UK service providing flood warnings.

Required attributes
type
start
end
areaOfInterest
location
ruleId
level
hazard
receivers
description
targetAreaOfInterest
targetLocation
sourceOfInformation
communicationStatus
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5

SENTINEL DATA PROCESSING INTEGRATION

The Copernicus program is Europe's Earth Observation (EO) program offering a series of thematic
services. Copernicus' own Sentinel satellites provide unique operational sensing capabilities across
the whole measurement spectrum. Thanks to their advanced sensing concepts and outstanding
spatio-temporal sampling characteristics, the Sentinel satellites will collect more data than any EO
program before. The first of the Sentinel satellite series, Sentinel-1 (S-1) was launched on 3rd April
2014. The S-1 key applications over land includes the monitoring of topographic movements (land
subsidence, glacier flow, etc.) and hydrologic processes (flood mapping, soil moisture, water bodies,
etc.). This section describes the utilization of space-borne SAR data for historical frequency
calculation and development of near real-time flood mapping service using Envisat Advanced
Synthetic Aperture Radar (ASAR) and Sentinel-1 satellite remote sensing data.

5.1 SATELLITE DATA PROCUREMENT
The data acquired by the satellites are downlinked to the collaborative ground segment, from where
via ESA network it is being distributed to other sources like Scientific Hub and ESA Server of the
“Zentralanstalt für Meteorologie und Geodynamik” (ZAMG). From ZAMG, data is pushed to national
mirror and then to the Earth Observation Data Centre (EODC) data storage. EODC has the complete
archive of the Envisat ASAR mission, covering the timespan from 2005 to 2012, and acquires
regularly the Sentinel-1 (S-1) data. The S-1 data at the EODC warehouse are currently available
approximately 2.5 hours after the initial signal processing by ESA (level-1 product) and 6.25 hours
after the acquisition. The S-1 level-1 data are archived on fast disks storage and backed up using a
robotic tape library on a regular basis. Figure 5-1-1 shows the data acquisition chain from satellite
to EODC storage.

Figure 5-1: EODC data acquisition strategy. Satellite data are transferred from the satellite to Collaborative Ground
Segment, then to a rolling archive system at ZAMG and stored to EODC internal storage system.
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5.1.1 DATA AND SENSOR SPECIFICATIONS
The first of the six Sentinel satellite series, Sentinel-1A was launched on 3rd April 2014. S-1 is a
Synthetic Aperture Radar (SAR) mission for ocean and land monitoring and represents the continuity
mission to the SAR instruments flown on board of European Remote Sensing (ERS) satellites and
ENVISAT. The S-1 mission is implemented through a constellation of two satellites (units 1A and 1B).
The Sentinel-1B was launched on 25th April 2016. In the following a short overview about the main
applications, data policies, access and satellite specifications is given.
(a) Application domains: The S-1 key application over land includes the monitoring of topographic
movements (surface subsidence, glacier flow, etc.) and hydrologic processes (flood mapping, soil
moisture, water bodies, etc.). Furthermore, S-1 can play an important role in sustainable forest
management with clear-cut and partial-cut detection, forest type classification, biomass estimation,
disturbance detection and precision farming.
(b) Data source: Copernicus is a European system for monitoring the Earth, which consists of a
complex set of systems collecting data from multiple sources: EO satellites and in-situ sensors, such
as ground stations, airborne and sea-borne sensors. S-1 data are also distributed by the Copernicus
programme.
(c) Data policy and access: The free, full and open data policy adopted for the Copernicus
programme foresees access available to all users for the Sentinel data products. Registration is open
to all users via simple on-line self-registration accessible via the Sentinels Scientific Data Hub
(https://scihub.copernicus.eu/). Following registration, the user can immediately download
Sentinel products generated systematically from all acquired data. (Note: Member States requiring
data for national initiatives in the frame of the Sentinels Collaborative Ground Segment need not
register on this service; they are served via the dedicated access point.)
Original S-1 data, distributed by Copernicus programme, is free. The processed data / parameters,
(SAR backscatter, temporal/monthly/seasonal composites) and other operational products and
services are distributed by Earth Observation Data Center (EODC), for more details visit
https://www.eodc.eu/.
(d) Sensor and data specifications: Table 5.1 gives the overview of Sentinel-1 system and its
specifications, and the Table 5.2 gives the detailed explanation of Sentinel-1 data acquisition.
Table 5.1: Sentinel 1 sensor specifications.
Satellites/Sensor Ad interim Operator

Lifetime Orbit

Band

Sentinel-1/A-B

7 years

C-band
12 days
With its continuous and conflict-free
5.405 GHz
(with the
operations, Sentinel-1 will provide a high
(wavelength constellation level of service reliability with near real18cm)
of 1A and 1 time delivery of data within an hour after
B ~6 days) reception by the ground station, and with
data delivery from archive within 24 hours.

ESA
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Table 5-2: Sentinel 1: specifications of different data acquisition modes.
Operational modes

Polarization

Strip Map Mode
Interferometric Wide Swath Mode

VV +VH or HH+HV

Extra-wide Swath Mode
Wave Mode

VV or HH

Spatial resolution (m)

Swath width

5x5

80 km

5 x 20

250 km

25 x 100

400 km

5 x 20

20 km x 20 km

Data Processing:
Level-0 Compressed and unprocessed instrument source packets
Level-1 Ground Range Detected Geo-referenced Products (for I-REACT project Level-1 data will be used)
Level-2 Ocean products

5.1.2 DATA STORAGE SYSTEM
At the EODC platform, the S-1 data are stored on both disks for fast data access, and tapes for longterm storage and backup. Currently, two Petabyte (PB) of disk and four PB of tape space are
available and more than 2 million individual Sentinel data files are archived on this system. The
storage system is currently going to be expanded on regular basis according to the predefined plans.
EODC's high-speed disk storage system is based on IBM Elastic Storage Server (ESS). IBM General
Parallel File System (GPFS) clustered file system technology is implemented to ensure the efficiency
and performance in file storage. Currently, the EODC high-speed disk storage system is capable to
host two PB of data for high-speed processing. Alternatively, EODC users can also use another highspeed storage system which is operated by Vienna Scientific Cluster 3 (VSC-3), called VSC-3
distributed volume. This file system is currently run on the parallel clustered file system BeeGFS,
which consists of 360 spinning disks connected through 160 Gb/sec bandwidth [RD14].
To save the fast-access space on disks, a rolling archiving plan is set up to continuously store the
datasets to tapes that are rarely used by EODC partners. After archiving, the folder structure shown
on front-end terminal would be the same, but the physical location of the data is on tape storage
instead of high-speed disks. This strategy helps to save the disk storage for high-speed data access
needs without losing the accessibility of archived data. Furthermore, the data, which are physically
archived on tapes can be re-called to high-speed disks in a short period of time.
EODC has implemented a comprehensive backup plan to continuously backup the data on their
storage system. This is an infinite incremental rolling processed which provides the ability to ensure
the data access and data consistency in the cases of disasters (virus attacks, hardware and software
failures).
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5.1.3 DATA COVERAGE AND AVAILABILITY
The following Sentinel-1 Coverage Maps (see Figure 5-2 and 5-3) show the current status of S-1 (A
& B) interferometric wide swath (IW GRD) data as stored on the EODC data warehouse. They are
provided in V(ertical)/V, H(orizontal)/H, V/H, and H/V polarisation, as well as in a combined map
(i.e. composite of V/V + H/H polarisations) and are dynamically re-created from our database every
week. For flood mapping Sentinel-1 IW GRD Level-1 product is being used.

Figure 5-2: Sentinel-1A data coverage for IW GRD acquisition mode.

Figure 5-3: Sentinel-1A data coverage for IW GRD acquisition mode.
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5.1.4

HISTORICAL REMOTE SENSING DATA

EODC data storage archives the complete ENVISAT ASAR mission, covering the lifespan of the
mission from 2005 to 2012. Figure 5-4 shows the coverage map for Wide Swath acquisition mode.

Figure 5-4: ENVISAT ASAR coverage map for Wide Swath mode

5.1.5 EODC PROCESSING ENVIRONMENT AND PLATFORM
The flood mapping algorithm is developed and implemented by TU Wien running on a virtual
machine at Science Integration and development Platform (SIDP) hosted by EODC. The processing
chain includes pre-processing of the SAR data, data quality controls, flood mapping, and necessary
post-processing steps. The SIDP is also connected to the Vienna Scientific Cluster with more than
2000 computing nodes, which might be used for heavy processing tasks that need parallel
processing. The final products will be flood and flood frequency maps.
The EODC is a collaboration between public-private scientific organizations, research centres and
cloud providers. The main mission of EODC (or EODC platform, EODC cloud environment) is to
provide access and required components for big data processing and analysis. Key components of
EODC infrastructure, which went operational in spring 2015, are:
•

A cloud-based virtual research and development environment.

•

The access to the Vienna Scientific Cluster 3 (VSC-3).

•

A computation cluster for mid-term data processing.

•

A Petabyte-scale data storage and archive.
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•

A near real-time Operations and Rolling Archive (NORA), which is a high-availability storage
and processing cluster to complement the datasets in near real time.

Figure 5-5 provides an overview of EODC key components, which are in operation at the moment
(September 2017). The details of each component and the Vienna Scientific Cluster are presented
in the next sections.

Figure 5-5: EODC infrastructure components.

5.1.6 EODC DATA STORAGE AND SENTINEL-1 DATAFLOW
Raw data from the EODC data warehouse (Level-1 product) are pre-processed to calculate Synthetic
Aperture Radar (SAR) signal backscatter with different spatial resampling (resolution) in Equi7
projection [more details about Equi7 projection can be found in RD15]. Figure 5-6 shows the detailed
steps involved in the ENVISAT ASAR / Sentinel-1 data pre-processing chain, which is implemented
in the SAR Geophysical Parameters Retrieval Toolbox (SGRT).
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Figure 5-6: ENVISAT ASAR / Sentinel-1 data pre-processing workflow.

5.2 SENTINEL-1 WATER MAPPING ALGORITHM DESIGN
After the pre-processing step, parameters retrieval modules/workflow of SGRT is invoked in order
to calculate different parameters i.e., slope, mean backscatter. Parameters are then normalized to
reference incidence angles for data consistency. After the parameters calculation, the final step,
product generation workflow of SGRT is launched. In this step automatic threshold detection and
noise removal modules are used for the generation of flood and flood frequency maps. Figure 5-7
shows the systematic workflow design for flood and flood frequency map generation.

Figure 5-7: ENVISAT ASAR / Sentinel-1 scheme for production generation.

The graphical overview of the SAR data pre-processing and product generation scheme is shown in
Figure 5-8.
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Figure 5-8: An example overview of the Synthetic Aperture Radar (SAR) data pre-processing and product generation
(Neusiedl Lake: Austrian–Hungarian border).

5.2.1 USER INTERFACE AND FLOOD MONITORING ACTIVATION METHOD
Service on request, this service is established to provide a rapid post disaster flood status and
inundation extent maps, which can be used for post-disaster management and relief activities. In
this service the user/customer would contact TU Vienna through I-REACT coordination (e.g. via
Azure Service Bus) to trigger the product generation. The requested product can be delivered
directly to the IDI (I-REACT Data Interface). In the section below a detailed description of near-real
time flood mapping service is explained.

5.2.2 SENTINEL-1 BASED NEAR-REAL TIME FLOOD MAPPING SERVICE LOGIC
IMPLEMENTATION

5.2.2.1 DEVELOPMENT TOOLS, SUPPORTING PRODUCTS AND QUALITY CONTROL
A.

TU Wien SAR Toolbox

The SAR Geophysical Retrieval Toolbox (SGRT) is a software package developed by the Vienna
University of Technology (TU Wien) for extracting geophysical parameters from Synthetic Aperture
Radar (SAR) data. The version 2.0 of the SGRT, written in Python programming language, is an
adaptation to Sentinel-1 (S1) of the earlier SGRT 1.0 developed for ENVISAT Advanced Synthetic
Aperture Radar (ASAR) data, incorporating optimizations intended for handling the considerably
higher spatial resolution and resulting explosion in data volumes foreseen of Sentinel-1 relative to
ENVISAT ASAR [RD16]. SGRT consists of four types of processing chains where different number of
workflows are defined under each type:
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• Pre-processing: calibration, radiometric correction, georeferencing and
terrain correction, resampling and tiling, quality control
• Analytics: time series analysis to extract model parameters
• Production: generates level-2 and higher-level products from pre-processed
data using model parameters.
• Near-Real-Time (NRT): this component is designed to integrate different
workflows and SGRT functionalities in a fully automatic processing chain for
product generation.
Furthermore, SGRT is equipped with several image and signal processing components. Some of the
SGRT modules are used in external utilities and plug-ins. e.g. the Python based Time Series Analyser
is an in-house tool, developed and integrated with the open source QGIS software to visualize
Sentinel-1 time series. SGRT is under continuous development and with every new release, new
functionalities and workflows are introduced.

B.

Supporting Products and Modules

In order to develop an operational service a reliable quality control mechanism is essential to
minimize the artefacts in the final product. In mountainous areas, topographic noise is very common
which is due to steep slopes and shadow effect caused by the SAR side looking acquisition geometry.
In order to remove topographic errors, the HAND (height above the nearest drainage) index [RD17]
was used. Figure 5-9 shows an example of flood map before and after applying the Hand Index mask.

Figure 5-9: Application of Hand Index mask to remove the topographic noise.

Border noise in S-1 A/B and ENVISAT ASAR is quite consistent which is a major source of error in
time series analysis. In order to handle this error source an independent border noise removal
module [RD18] was developed and integrated into the SGRT. Figure 5-10 shows an example for S1
border noise removal mask (border noise removal mask shown in magenta colour).
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Figure 5-10: An example S1 border noise removal mask.

C.

Data acquisition and management

The S-1 data at the EODC warehouse are currently available approximately 2.5 hours after the initial
signal processing by ESA (level-1 product) and 6.25 hours after the acquisition. The S-1 level-1 data
are archived on fast discs storage and backed up using a robotic tape library on a regular basis. In
order to manage the raw and processed S-1 data files a dedicated meta-database (EOMDB: Earth
Observation Meta-Data Base) has been established, which allows tracking of data availability and
processing status.

5.2.2.2 CONCEPTS, REQUIREMENTS AND INFRASTRUCTURE
The Sentinel-1 based flood mapping and monitoring service is an external module, which has been
developed and maintained by TU Wien for the I-REACT project. It can be triggered upon request
via Azure Service Bus – a cloud messaging service between applications and services.

A.

Concept and big picture

The I-REACT project has a multi-tier architecture and is named as I-REACTOR. Based on the
presentation, application process and data management tasks I-REACTORs functions are logically
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separated into different loosely coupled modules that can be easily modified without affecting the
other modules. However, in case of S-1 flood mapping service the point of contact to I-REACTOR is
IDI (I-REACT Data Interface), where final products are pushed onto the front-end for further data
harmonization, processing and visualization. Figure 5-ä11 shows the different components of IREACTOR and their internal associations and dependencies.

Figure 5-11: An overview of I-REACTOR framework.

B.

REQUIREMENTS

Apart from the satellite data and service module there are some key requirements that are crucial
for operational services:
•
•

C.

Regular update of EOMDB, to include/update the recently acquired data.
Internet connection: which is required to connect to the Azure Service Bus and receive
the message to trigger the flood monitoring processor. Internet connection is also
required to connect-and-push the processed data files (flood maps) and metadata to the
IDI (I-REACT Data Interface) database remotely.

Infrastructure and service logic implementation scheme

Within the framework of I-REACT project, the Sentinel-1 data processing chain for flood mapping
service is implemented within a virtual machine hosted by the Earth Observation Data Centre
(EODC). The processing chain and dataflow includes following steps as illustrated in Figure 5-12.
•

Flood mapping processor: The flood mapping algorithm is developed by TUWien and
implemented within a virtual machine at the Science Integration and development
Platform (SIDP) hosted by EODC. The processing chain includes pre-processing of the SAR
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data, data quality controls, flood mapping, and necessary post-processing steps. The SIDP
is connect to the Vienna Scientific Cluster with more than 2000 computing nodes which
might be used for heavy processing tasks that need parallel processing. The final products
are flood and flood frequency maps.
Service on request and triggering mechanism: this service is established to provide rapid
post disaster flooding status and inundation extent maps, which can be used for postdisaster management and relief activities. In this service the user/customer will contact TU
Wien through I-REACT coordination (e.g. via Azure Service Bus) to trigger the flood
mapping/monitoring service. The requested product will be delivered to the IDI. The flood
mapping/monitoring service is fully automatic and can be triggered over a defined location
with the message received via Azure Service Bus.

•

•

Watchdog: after getting the triggering message – with a bounding box of an area of
interest and monitoring period (start and end date) – via Azure Service Bus, the program
will automatically connect to the EOMDB and get the available raw files. Then the
processing chain will be activated for available files. If there is/are no file(s) then a
watchdog will be activated and it will update EOMDB after every two hours and look for
new files for the area of interest. Every time when it will find new file(s) a new
independent processing chain instance will be launched. This process will continue until
the image acquisition date is less than or equal to the end date defined in the message.

Figure 5-12: An overview of infrastructure and service logic for near-real time flood mapping/monitoring.

D.

PROTOTYPE

The stability of the processing chain and the implemented service logic was tested by triggering the
service for three different requests simultaneously. The processing chain ran successfully and
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processed 21 Sentinel-1 scenes. The final product of 2.5 GB was uploaded to the IDI database. Due
to the limited number of cores on the test machine, the processing chain ran for more than 24 hours.
In case of multiple requests the processing time can be minimized by increasing the computing
power.
Sentinel-1 based flood and flood frequency maps were produced for all five test site. Figure 6 shows
an example of Sentinel-1 based flood frequency product for a test site in Italy (Emilia–Romagna,
Figure 5-13) and United Kingdom (Figure 5-14).

Figure 5-13: An example of multi-temporal flood frequency product (Italy).

Figure 5-14: An example of multi-temporal flood frequency product (United Kingdom).
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In addition to the final product of flood or flood frequency maps that will be delivered to the IDI,
different Sentinel-1 based intermediate products will also be produced. The intermediate products
include both pre-processed data and various biophysical and statistical parameters. In order to
query the data/product a pre-defined set of minimum required metadata is also pushed to the IDI
as shown in Figure 5-15.

Figure 5-15: Example of Sentinel-1 product uploaded to I-REACT database.

After data harmonization flood maps become available for visualization on the front-end (I-REACT
main web page) of the I-REACTOR. The display of the flood frequency product on the front-end of
the I-REACT emergency service management website is shown in Figure 5-16.

Figure 5-16: Flood monitoring framework (top) and prototype of final product displayed on the front-end of the IREACT webpage (bottom).
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In summary, this section concludes the demonstration of a framework and feasibility of setting up
an operational flood mapping and monitoring service by exploiting a big-data infrastructure and
high performance computing facility. This service is operational (in test phase) under the framework
of I-REACT project, and new development in terms of algorithm improvement and performance
enhancement will be integrated into the SGRT.
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6 CONCLUSIONS
The work described in the frame of Deliverable 3.1 – “Report on EMS, European Early Warning
Systems and Sentinel data integration” represents the implementation of existing data and services
of Copernicus Emergency Management Services and Early Warning Services, for data and
information on flood and wildfire monitoring as part of the I-REACT downstream services.
Furthermore, within this deliverable, the integration of processed Sentinel-1 data in terms of flood
delineation and frequency mapping is also a crucial task. Moreover, local EMS services are
integrated with the focus on obtaining information concerning alerts and measurements from these
monitoring systems.
The technical development and innovation work within WP3, including further system prototyping
and data integration of external services and data streams already available, provides operational
data for downstream services as expected. Although, issues came along, such as the direct use of
the EWS, the expected Copernicus EWS could be implemented and integrated into the I-REACT
system by collaboration with the Joint Research Centre of the European Commission (JRC) and the
cooperation of other I-REACT partners, which have access to the required input data and the
expertise to produce the wildfire monitoring information.
The results achieved have laid the groundwork for the creation of an early warning system to
achieve increased preparedness to emergencies. Furthermore, other possible Copernicus services,
which will provide information for the downstream of further disaster services in the future, could
be implemented quite well.
The data streams and services have been integrated following the as-a-service approach, so that
new data is ingested automatically into I-REACT without having the user to activate a data stream.
Hence, the overall objective of this deliverable, to integrate existing data sources and systems
related to natural hazards into I-REACT and to fill the overall system with useful information sources,
is regarded as achieved.
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