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ABSTRACT
The climate change scenarios for Romania anticipate an increase of the extreme meteorological
phenomena like floods, landslides and droughts. These scenarios, together with the concentration
of population in vulnerable urban areas suggest that preventive and protective actions should be
taken at the same time with thorough preparation for disaster response.
In Romania, there are over one million hectares of floodplain and more than 900,000 people living
in areas with high risk of flooding, while more than 90,000 households have a high risk to flooding.
The paper presents the downstream emergency response service for flood and related risks in
Romania, based on satellite remote sensing and other geo-information capacities.
The service is able to provide customized flood mapping products (near-real time flood mapping,
maximum flood extend mapping, flooded area classification, flood evolution mapping, damage
assessment maps) tailored to specific users and featuring near-real time delivery.

INTRODUCTION
According to the WorldRiskReports 2014 (United Nations University, Institute for Environment and
Human Security): http://i.unu.edu/media/ehs.unu.edu/news/4070/11895.pdf (last date accessed:
25th of May 2015), floods are one of the major risk at global scale. Romania has a risk index of
6.55, which means a medium risk index. The urban risk (exposure and vulnerability to the natural
hazards) has a high value in Romania.
Romania is a flood hotspot in Europe, which experienced significant human and economic losses
in the last decade (1). Since 2000, Romania has been affected by 55 natural disasters from which
34
were
floods
(62%),
according
to
the
International
Disaster
Database:
http://www.emdat.be/disaster_list/index.html (last date accessed: 25th of May 2015).
The paper aims to present a downstream service for flood and related risks based on a complex,
accurate and updated reference GIS geodatabases, containing different information layers such as
land use/land cover, roads, rivers, water basins, administrative boundaries, digital elevation
models, archive optical and synthetic aperture radar satellite imagery, in-situ data and auxiliary
data. The service is targeted to develop an interoperable framework for the management of the
available geo-information using cutting-edge techniques and satellite data in order to provide, in a
fast manner, high quality and accurate spatial products. The web-based service provides valueadded products for each flood related disaster management phase (preparedness /prevention,
emergency response and recovery) to more effectively support the central and local authorities in
making decisions in developing, implementing and monitoring policies. The downstream
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emergency response service purpose is to enable the significant socio-economic benefits and
provide significant strategic and political benefits for Romania.
The downstream service for flood and related risks has been implemented on a dedicated
geoportal in the framework of the GEODIM project (“Platform for Geoinformation in Support of
Disaster Management”: http://geodim.meteoromania.ro) financed by the Romanian National R&D
Program 2012 – 2016.
THE FLOOD MAPPING SERVICE
The service was designed and developed by a consortium made up of relevant governmental
institutions and companies in the framework of several research projects, following the principles of
the Copernicus (former GMES) downstream services and the end-users requirements (2). The
main aim of the national downstream service for emergency response is to reinforce the Romanian
capacity to support disaster management based on geoinformation, covering all phases of a
disaster cycle: prevention, preparedness, response and recovery. The emphasis is put on valueadded, validated products and services for each phase of the disaster management. The products
are generated using adapted and improved processing algorithms.
Various processing techniques (classification, geo-referencing, filtering, and photo-interpretation)
are used to combine the optical and radar images and map the flooded areas. The interpretation
and analysis of remotely sensed data in order to identify, delineate and characterize flooded areas
are based on the relationships between physical parameters such as reflectance and emittance
and the features located on the surface. The classical digital maps (road network, localities,
permanent water bodies, etc) are also used to obtain the final cartographic products. Earth
Observation data, an important source of information, combined with the facilities provided by GIS
and hydrological observations, are used for the assessment of the flood impact and for the damage
evaluation. The historical cartographic documents, scanned and georeferenced, are used as a
complementary source of information. The final products are distributed to the interested
institutions and media using a dynamic web portal and in printed form.
Three sources of satellite data are considered for each of the service activation:


Free satellite data available on public repositories (e.g. MODIS, Sentinel 1A, LANDSAT,
SPOT VGT, PROBA-V)



Satellite data or flood masks from the Copernicus EMS or International Charter obtained via
IGSU (Romanian General Inspectorate for Emergency Situations);



High resolution satellite data from commercial providers.

The entire workflow was fully optimized and usually the final products are obtained 8 - 24 hours
after the satellite sensor acquired the image. The real processing time is around 1 - 2 hours, the
major delay is related to the processing steps for the raw image, done by the satellite operator and
data transfer. The flood mapping process is presented in Figure 1.
The service can provide a number of on-demand geospatial products:


Reference maps: updated reference maps for the area affected by floods.



Near real-time flood delineation maps: represent a fast way of representing the flood
affected areas in a cartographic form. Figure 2 presents an example of near real-time flood
delineation map for the North- eastern part of Romania on 29.07.2008. The water mask is
derived from satellite data and integrated in a GIS environment to produce a useful
"snapshot" with the magnitude of the flood episode and to easily depict the affected and
endangered areas and infrastructure elements (3).

2

35th EARSeL Symposium – European Remote Sensing: Progress, Challenges and Opportunities
Stockholm, Sweden, June 15-18, 2015



Non real-time flood delineation maps: similar with the previous product, it's presenting the
same information but in a more refined way. The cartographic quality may be enhanced
and the product's look more homogenous.

Figure 1: Flood mapping process chain

Figure 2: Example of a near real-time flood delineation map
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Maximum flood extend maps: a product that represent the entire affected area derived by
merging all the flood masks or based on remaining soil properties.



Flooded area classification; a classification of the water affected areas in three major subclasses: (i) relatively deep water, (ii) shallow water with vegetation and (iii) wet mud
deposition. To calibrate the classification we use more than 80 spectrometer determinations
on samples containing various combinations of water, mud and vegetation in different
combinations / percentages.
Flood evolution maps: multi-temporal products representing the flood evolution. This was
done either by overlaying two or more flood moments on the same map or by creating an
animation file.
Flood damage assessment maps and reports: quantification of the food impact over the
affected area.





THE GEOPORTAL
A dedicated geoportal based on free and open source software and following a distributed
architecture (Figure 3), was developed for an efficient access to geospatial flood-related products
developed in the frame of the GEODIM Project. Depending on the privileges, the end-users are
able to access the system using a simple web browser (like Google Chrome or Mozilla Firefox) to:
 View and query the flood related product archive;
 Download the selected products;
 Validate the products.

Figure 3: GEODIM geoportal architecture
The system design was based on end-users requirements and well-established national and
international bodies/initiative. The following relevant European initiatives were taken into account
when formulating the requirements: INSPIRE, SEIS and Copernicus (former GMES). A natural
step after the design and implementation of the system was to define a series of test cases to
verify and validate the system compliance with the initial system requirements and the technical
standards (e.g. network services defined by OGC/INSPIRE Directive). The main components of
the system are:
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Database management service;
View service portal: allow users and computer programs (including the GEODIM service
GeoPortal) to view the spatial datasets stored in GEODIM geospatial database. The service
is an implementation of the ISO 19128/OGC Web Map Service (WMS) specification and is
compatible with the INSPIRE Profile of ISO 19128. OGC Styled Layer Description (SLD)
that is used as styling language. For performance purposes, cached versions, based on
OGC standard [OGC 07-057r7] – Web Map Tile Service (WMTS), of the service were also
implemented.
Data access service (download): provides interfaces allowing requests for the spatial
datasets, raster and vector, stored in GEODIM geospatial database. The interface for
vector data access is based on the OGC Web Feature Service specification. The interface
for raster/coverage data access is based on the OGC Web Coverage Service specification
with support for the WCS Earth Observation Application Profile (EO-WCS).
Discovery service (catalogue service web): provides interfaces allowing discovery of the
data stored in GEODIM geospatial database. The interface for discovery of geospatial data
is based on the OGC Catalogue Service Web. The service has support for metadata
profiles based on ISO 19115, ISO 19139 and Dublin Core.
Web mapping client: allows the users to analyse the reference database and the flood
maps in a GIs context. The application has a simple user interface, with several functional
areas (Figure 4).

Figure 4: GEODIM geoportal graphical user interface

CONCLUSIONS
For Romania, floods represents the most natural damaging events. The April 2000 floods in the
Western part of the country represents the starting point in creating a service/system that can be
used to map and monitor the flood evolution based on satellite images.
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The satellite remote sensing data can offer qualitative information for a large areas, inaccesible by
traditional ways in many times. The satellite data and geo-information systems techniques have an
important contribution in managing flood connected phenomena by:
-

detection of new flood events and public warnings;

-

flood hazard mapping;

-

rapid-response flood mapping and measurement.

Various processing techniques have been developed and tested, in order to process the raw data
(satellite optical or radar, with medium and high range spatial resolution), within 8-24 hours after
the satellite images were acquired, to rapid mapping of event extent and finally integrate the
information related to hydro-meteorological events into useful, standardized, cartographic products.
Beside the maps of the risk exposed areas, phenomenon extent evolution, 3D flythrough and
different animations were produced to get a more complex perspective on phenomenon dynamic
and dimension. In Romania, since 2000, a large numbers of products have been produced (82
products in 2005; 124 products in 2006, 39 products in 2008, 41 products in 2010 etc.). The results
can be quickly disseminated, in digital form via Internet, using a dedicated webpage.
The downstream emergency service, implemented in the frame of the GEODIM project, will
strength the collaborative approaches between the existing expert institutions/groups in the domain
of geo-information applications for disaster management and will contribute to the availability of
critical information for the decision-makers and other end-users in near-real time.
The service allows the storage, management and exchange of raster and vector information and
also related ancillary data for flood monitoring activities. This service contributes to regional
quantitative risk assessment.
The future work is related to:
- Extend the service to cover other types of disasters;
- Better communication with the end-users;
- Identification of new data sources;
- Further algorithm development and validation;
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