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Summary: The IMDROFLOOD project requires large amount of geospatial data to be 

collected in the form of maps and vector layers. Thus, single geodatabase is necessary 

with corresponding web-interface and applications providing data access to each of the 

partners. We have built an online system as a spatial data infrastructure (SDI) with 

distributed architecture for IMDROFLOOD database exploitation consisting of the 

following main components: (1) database management service; (2) catalogue service; 

(3) data delivery and portrayal service (GIS server); (4) software clients. The SDI follows 

the requirements/recommendations from existing applicable international initiatives 

such as INSPIRE, Copernicus, GEOSS, ESA-EO. The first version of SDI/geoportal will be 

improved and updated during the project lifetime. 
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1. Introduction 

The IMDROFLOOD project needs large amount of geospatial data to be collected in the 

form of maps and vector layers. Thus, single geodatabase is necessary with 

corresponding web-interface and applications providing data access to each of the 

partners.   

With the help of the Internet and accompanying tools, creating and online publishing of 

geospatial data has become easier and rich with options. The aim of the action was to 

design an online system with distributed architecture for IMDROFLOOD database 

exploitation.  

2. Requirements/Recommendations from existing 
applicable international initiatives 

2.1. INSPIRE 

INSPIRE1 directive triggers the creation of a European spatial information infrastructure 

that delivers to the users integrated spatial information services. These services should 

allow the users to identify and access spatial or geographical information from a wide 

range of sources, from local level to global level, in an interoperable way and for a variety 

of uses. 

According to the INSPIRE Directive (2007/2/EC) network services are: 

 Discovery services making it possible to search for spatial data sets and services 
on the basis of the content of the corresponding metadata and to display the 
content of the metadata; 

 View services making it possible, as a minimum, to display, navigate, zoom 
in/out, pan, or overlay viewable spatial data sets and to display legend 
information and any relevant content of metadata; 

 Download services enabling copies of spatial data sets, or parts of such sets, to 
be downloaded and, where practicable, directly accessed; 

 Transformation services enabling spatial data sets to be transformed with a 
view to achieve interoperability; 

 Invoke services allowing spatial data services to be invoked; this means that 
spatial data processing may be triggered (started) by another service. This 
mechanism also enables the creation of complex processing workflows. 

INSPIRE services shall be Web Services (W3C) using the REST protocol. INSPIRE services 

are regulated to fulfil the OGC (Open Geospatial Consortium) standard requirements for 

service interface. These standards are adopted for the sub-systems of GEOSS and 

Copernicus. Therefore, it is certain that these requirements will be a necessity for the 

                                                             
1 http://inspire.ec.europa.eu 

http://inspire.ec.europa.eu/
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IMDROFLOOD services. The following table provides an overview of the proposed 

services. 

ID Description 

INS-010 IMDROFLOOD shall implement a discovery service based on 
OGC OpenSearch 

INS-020 IMDROFLOOD shall implement a View service based on OGC Web Map 
Service (ISO 19128 WMS 1.3) and WMTS 

INS-030 IMDROFLOOD shall implement a Download service based on OGC Web 
Feature Service (WFS 1.2.0 ISO 19142)  

INS-040 IMDROFLOOD shall implement a Download service based on OGC Web 
Coverage Service  

INS-050 IMDROFLOOD shall implement a Download service based on HTTP File 
download 

INS-060 IMDROFLOOD shall implement a Transformation services based on 
Functions of a Web Processing Service (OGC WPS): 

INS-070 IMDROFLOOD shall implement a Transformation services based on 
Coordinate transformation services 

INS-080 IMDROFLOOD shall implement a Transformation services based on 
Schema transformation services 

INS-090 IMDROFLOOD shall implement a Invoke service providing chaining 
services (based on WPS) 

INS-100 IMDROFLOOD services shall be Web Services (W3C) using the REST 
protocol. 

 

2.2. Copernicus 

Copernicus is the European Programme for the development of a European capacity for 

Earth Observation. The objective of Copernicus is to rationalize the use of multiple-

sources data to get a timely and quality information, services and knowledge, and to 

provide autonomous and independent access to information in relation to environment 

and security. Copernicus also represents the European Union contribution to GEOSS, the 

Global Earth Observation System of Systems. Copernicus therefore needs to ensure the 

interoperability and harmonization of the various EO data sources and their related 

products, to underpin and ease the establishment of services, not only within each 

thematic domain but also in a transverse fashion. 

OGC standard service interfaces are adopted to be utilized in the sub-systems of GEOSS 

and Copernicus. These standards are also regulated to be used in INSPIRE compatible 

services. 

Currently, part of the Copernicus Integrated Ground Segment (IGS), EC started to 

develop a infrastructure, called "Data and Information Access Services" (abbreviated 

DIAS), that will render Copernicus data and information available for access and further 

use in an efficient computing environment. This service element is new and will 

implement the same paradigm that ESA imagined for the thematic/regional exploitation 

platforms (like the one IMDROFLOOD is shaping) of bringing the 'user to the data' in 
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order to facilitate access for scientific, commercial or institutional users, which is 

expected to help increase user uptake. 

2.3. GEOSS 

The Global Earth Observation System of Systems (GEOSS) promises to completely 

change our ability to understand and manage the planet. This emerging global public 

infrastructure will allow managers and decision makers to respond more effectively to 

the numerous environmental challenges that the modern civilization is facing. GEOSS 

interconnects existing and future Earth Observation systems. The architecture of an 

Earth observation system refers to the way how its components are designed so that 

they function as a whole. Each GEOSS component must be configured so that it can 

communicate with the other participating systems. This "System of Systems" will 

proactively link together existing and planned observing systems around the world and 

support the development of new systems where gaps currently exist. It will promote 

common technical standards so that data from the thousands of different instruments 

can be combined into coherent data sets. 

From the GEOSS 10 Year Plan Reference Document2 the following GEOSS 

Interoperability requirements can be deducted: 

 Interoperability through open interfaces; 

 Interoperability specifications agreed to among contributing systems; 

 Access to data and information through service interfaces; 

 Open standards and intellectual property rights; 

 GEOSS adopting standards agreed upon by consensus, with preference to 
formal international standards; 

 GEOSS not to require commercial or proprietary standards; 

 Multiple software implementations compliant with the open standards 
should exist; 

 Goal is at least that one of the implementations should be available to all 
implementers "royalty-free". 

GEOSS as a "System of Systems" is composed to a considerable extent of the constituent 

systems (e.g. the European Copernicus) established or being established at both 

governmental and community levels. Nonetheless, there is intended to be a core system 

organized around the GEOSS Common Infrastructure (GCI) serving to connect the 

resources of the constituent systems.  

At the end of 2016, GEOSS launched a new geoportal3, implemented and operated by 

the ESA using the GEO Discovery and Access Broker (DAB)4, a platform developed by 

CNR-IIA5. The geoportal constitutes a single Internet access point for users to connect to 

                                                             
2 http://bit.ly/2iz0ZYs 
3 http://www.geoportal.org 
4 http://api.eurogeoss-broker.eu 
5 http://www.iia.cnr.it 

http://bit.ly/2iz0ZYs
http://www.geoportal.org/
http://api.eurogeoss-broker.eu/
http://www.iia.cnr.it/
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various EO resources (data, information, knowledge, algorithms, models, services, etc.). 

IMDROFLOOD may develop interfaces that will make possible to search on the GEOSS 

geoportal for resources that are relevant for SEE region. 

2.4. ESA EO Exploitation Platforms 

ESA has started in 2014 the EO Exploitation Platforms (EPs) initiative, a set of R&D 

activities that in the first phase (up to 2017) aims to create an ecosystem of 

interconnected Thematic Exploitation Platforms (TEPs)6 on European footing, 

addressing: coastal7, forestry8, hydrology9, geohazards10, polar11, urban12 themes and 

food security. The fundamental principle of the TEPs operations concept is to move the 

user to the data and tools (European Space Agency, 2013). Users access a platform work 

environment providing the data, tools, and resources required, as opposed to 

downloading, replicating, and exploiting data ‘at home’ (the way traditional ESA Ground 

Segment operations concept is based). Based on the requirements collected in precursor 

projects, as SuperSite Exploitation Platform (SSEP), ESA defined a common architecture 

for the ESA Exploitation Platforms13. 

IMDROFLOOD may create a use case with the aim to fill some gaps in the existing TEP 

architectures and to offer advanced multi-temporal statistical analysis functions and 

visualization capabilities in a virtual environment, for a well-defined geographic scope: 

the Prut river region. IMDROFLOOD architecture shall follow the model proposed by ESA 

in the "Exploitation Platform Open Architecture" specification document (European 

Space Agency, 2016). 

 

3. IMDROFLOOD geoportal technical requirements 

 

3.1. General requirements (GEN) 

ID Description 

GEN-010 The IMDROFLOOD geospatial system should integrate all the geospatial data used 

in the project. 

                                                             
6https://tep.eo.esa.int 
7 http://coastal-tep.eo.esa.int 
8 http://forestry-tep.eo.esa.int 
9 https://hydrology-tep.eo.esa.int 
10 https://geohazards-tep.eo.esa.int 
11 http://p-tep.polarview.org 
12 https://urban-tep.eo.esa.int 
13 http://bit.ly/2jTa7Jo 

https://tep.eo.esa.int/
http://coastal-tep.eo.esa.int/
http://forestry-tep.eo.esa.int/
https://hydrology-tep.eo.esa.int/
https://geohazards-tep.eo.esa.int/
http://p-tep.polarview.org/
https://urban-tep.eo.esa.int/
http://bit.ly/2jTa7Jo
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GEN-020 The IMDROFLOOD geospatial system shall be accessibly via the internet. 

GEN-030 The IMDROFLOOD geospatial system should be compatible with INSPIRE directive 

specifications and principles. 

GEN-040 The IMDROFLOOD geospatial system should be compatible with Copernicus 

specifications and principles. 

GEN-050 The IMDROFLOOD geospatial system should implement an online, easy-to-use, 

graphical user interface (GUI). 

 

3.2. Data requirements (DAT) 

 

ID Description 

DAT-010 All the geospatial data should be available in standard file formats (e.g. GeoTiff, 

HDF, CSV, GML). 

DAT-020 All the geospatial data should be available in a common coordinate system (WGS84 

– EPSG:4326; Stereo70 – EPSG:31700). 

DAT-030 Attributes for vector data should use the same naming conventions.  

DAT-050 Tabular data shall use the same units of reference. 

 

3.3. Functionality requirements (FUN) 

 

ID Description 

FUN-010 The IMDROFLOOD geospatial system shall allow the download of full datasets. 

FUN-020 The IMDROFLOOD geospatial system shall allow the selection and display of a 

dataset base on date. 

FUN-030 The IMDROFLOOD geospatial system shall support the use of CRS defined by official 

EPSG codes. 

FUN-040 The IMDROFLOOD geospatial system shall be able to add a new datasets to a 

repository. 

FUN-050 The IMDROFLOOD geospatial system shall maintain traceability. 

FUN-060 The IMDROFLOOD geospatial system shall provide a central CSW system 

FUN-070 The IMDROFLOOD geospatial system shall provide a WMS service interface 
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FUN-080 The IMDROFLOOD geospatial system shall provide a WCS service interface 

FUN-090 The IMDROFLOOD geospatial system shall provide a KML service interface 

FUN-100 The IMDROFLOOD geospatial system shall offer generated georeferenced output 

products via WMS 

FUN-110 The IMDROFLOOD geospatial system shall offer generated georeferenced output 

products via WCS 

FUN-120 The IMDROFLOOD geospatial system shall offer generated georeferenced output 

products via KML 

FUN-130 As base reference system Stereographic 1970 (EPSG: 4326) shall be used 

FUN-140 The IMDROFLOOD geospatial system shall (for WMS, WCS, WFS) offer at least the 

following coordinate systems: WGS84, UTM35, Stereo 70, Spherical Mercator(CRS 

used by the popular mapping mapping services like Google Maps, Bing Maps, 

OpenStreetMap etc.). 

FUN-150 There shall be user groups for the IMDROFLOOD geospatial system; 

FUN-160 The IMDROFLOOD geospatial system shall contain a metadata catalogue. 

FUN-170 The user who has publisher rights shall have right to publish metadata of the 

IMDROFLOOD datasets in the IMDROFLOOD geospatial system. 

FUN-180 The administrator shall have all administrative rights to the metadata catalogue. 

FUN-190 Other users shall have only rights to view metadata in metadata catalogue. 

FUN-200 The metadata catalogue shall enable to search datasets according to their names. 

FUN-210 The metadata catalogue shall enable to search datasets according to the name of 

organization, which have produced them. 

FUN-220 The metadata catalogue shall enable to search datasets according to keywords. 

FUN-230 The metadata catalogue shall enable to search datasets according to geographical 

extent the dataset covers. 

FUN-240 The metadata catalogue shall enable to search datasets according to temporal 

extent. 

FUN-250 The metadata catalogue shall enable the user to view a quicklook map of the 

dataset. 

FUN-260 The IMDROFLOOD geospatial system shall contain a map user interface. 

FUN-270 The map user interface shall have viewing function for the IMDROFLOOD services 

(WMS, WFS, WCS) 

FUN-280 The map user interface shall have viewing function for other predefined WMS map 

layers together with the IMDROFLOOD services. 
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FUN-290 The map user interface allows the user to select any of predefined WMS map layers 

to be set visible into the map window of the map user interface. 

FUN-300 The map user interface shall have a function to add any WMS map layer from 

Internet to be viewed into the map window of the map user interface. 

FUN-310 The map user interface shall be able to integrate data from popular cartographic 

services (e.g. Google Maps, Bing Maps, OpenStreetMap) 

FUN-320 The system should ingest the results from mathematical models 

 

3.4. Security requirements (SEC) 

 

ID Description 

SEC-010 The IMDROFLOOD geospatial system shall be secured by a firewall 

SEC-020 The IMDROFLOOD geospatial system shall be configurable to allow access to 

authenticated users only 

SEC-030 The transfer of authentication credentials shall be secure 

SEC-040 The IMDROFLOOD geospatial system shall maintain security on the 
dataset level, where required  

 

3.5. Hardware requirements (HAR) 

 

ID Description 

HAR-010 The IMDROFLOOD geospatial system shall be installable on a single x86 or x86-64 

platform server 

HAR-020 The hardware environment for the IMDROFLOOD geospatial system performance 

testing shall be a standard server machine 

HAR-030 The IMDROFLOOD geospatial system shall be connected to the internet 

 

3.6. Software requirements (SOF) 

ID Description 

SOF-010 The IMDROFLOOD geospatial system shall be installable on a single server 

running under a GNU/Linux operating system 
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SOF-020 The IMDROFLOOD geospatial system shall be based on Freen and Open 
Source Software (FOSS) 

SOF-030 The IMDROFLOOD geospatial system shall be able to use a Scripting 
programming language (e.g. Python programming language). 

SOF-040 The IMDROFLOOD geospatial system shall use the GCC compiler. 

SOF-050 The IMDROFLOOD geospatial system shall use the GDAL/OGR library. 

 

4. System architecture 

The IMDROFLOOD geospatial system will be developed following a distributed 

architecture (Figure 1). The main components of the system are listed below: 

- Database management service; 
- Catalogue service; 
- Data delivery and portrayal service (GIS server); 
- Software clients. 

 

Some complementary components are dealing with coordinate transformations and 

search and retrieve elements using a georeferenced vocabulary of well-known place-

names (gazetteer service). The components were developed entirely with standard 

compliant free and open source software (the most important libraries/applications are 

listed in Figure 1). 

4.1. Catalogue service 

The IMDROFLOOD geospatial system integrates data from several sources. When the 

volume and diversity of data increase, the rapid and intuitive retrieve of specific 

information from the system (by a user or a client application) becomes a challenge. In 

order to comply with this challenge a geospatial catalogue service will be implemented. 

Catalogue services are the key technology for locating, managing and maintaining 

distributed geo-resources. With a catalogue service the client applications are capable 

of searching for geo-resources in a standardized way (i.e. through standardized 

interfaces and operations) and retrieve back relevant information’s (Figure 2). 

4.2. Data delivery and portrayal service 

Data delivery and portrayal service represents one of the main services of the system 

and is bringing GIS functionality into the web environment. The geospatial server 

application helps the users to access and display the GIS datasets and to perform layer 

selection, different queries and spatial analysis. Geospatial server works with the web 

server application. The web server receives requests for maps and passes them to 
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geospatial server to create. Geospatial server generates the requested map 

image/vector/grid and hands it to the web server, which transmits it back to the user. 

 

 

Figure 1. IMDROFLOOD geospatial system architecture. 

 

Figure 2. IMDROFLOOD catalogue service architecture. 

4.2.1. Web Map Service (WMS) 
Web Map Service (WMS) is a standard protocol for serving georeferenced map images 

over the Internet that are generated by a map server using data from a GIS database 

(Figure 3). The specification was developed and first published by the Open Geospatial 

Consortium in 1999. 

WMS specifies a number of different request types, two of which are required by any 

WMS server: 
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 GetCapabilities - returns parameters about the WMS and the available layers 

 GetMap - with parameters provided, returns a map image 
Request types that WMS providers may optionally support include: 

 GetFeatureInfo 

 DescribeLayer 

 GetLegendGraphic 
 

 

Figure 3. IMDROFLOOD WMS service architecture. 

 

IMDROFLOOD WMS service will use Styled Layer Descriptor (SLD) to describe the rendering of vector 

and raster data.  

IMDROFLOOD partners will be able to access the datasets published through WMS service using the 

web or desktop clients (e.g common GIS desktop client like Quantum GIS or a popular world viewer 

like Google Earth). 

4.2.2. Web Feature Service (WFS) 
Web Feature Service Interface Standard (WFS) provides an interface allowing requests 

for geographical features across the web using platform-independent calls. The XML-

based GML furnishes the default payload-encoding for transporting the geographic 

features, but other formats like shapefiles can also serve for transport.  The WFS 

specification defines interfaces for describing data manipulation operations of 

geographic features. Data manipulation operations include the ability to: 

 Get or query features based on spatial and non-spatial constraints 

 Create a new feature instance 

 Delete a feature instance 

 Update a feature instance 
 

IMDROFLOOD geospatial system will use the WFS implementation for all the vector 

reference data and some of the field measurements (Figure 4). 
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Figure 4. IMDROFLOOD WFS service architecture. 

 

4.3. Web client (webmapping application) 

Is the most important client (public face) of the IMDROFLOOD geospatial system. 

Technically, the IMDROFLOOD webmapping application will be developed using state of 

the art web and webmapping technologies. The users will be able access the application 

with a web browser (like Internet Explorer or Mozilla Firefox. The system compatibility 

will be tested on Windows (7, 10), Mac OS X (10.11, 10.12) and Linux (Ubuntu 16.x) 

platforms, with the following browsers: Edge, Mozilla Firefox, Safari, Google Chrome, 

Opera.  

4.3.1. Functional areas 
The IMDROFLOOD webmapping application will allow the users to analyse the 

geospatial database, the model outputs and the results of the measurement campaigns 

in a geospatial context. The application will have a simple user interface, with several 

functional areas (Figure 5): 

1. Map. The map is the main component of this module; 

2. Layer list. The layer’s list is used to determine the way the map is composed 
and displayed.  

3. Pan-zoom control. This is a navigation tool to zoom and pan around the map; 

4. Map toolbar. This contains all the instruments needed for the map navigation 
(zoom, pan, etc.); 

5. Transparency slider. The slider allows changing the transparency percentage of 
the active layer. 

6. Header. This includes links (left) to the IMDROFLOOD project main website and 
the catalogue service. 

7. Calendar 
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 Figure 5. IMDROFLOOD geoportal interface at 

http://imdroflood.meteoromania.ro/geoportal/ . 

The SDI/geoportal will be improved and updated as the development of the 

IMDROFLOOD project will require. 

 

5. Conclusions  

The IMDROFLOOD geoportal is built to offer advanced multi-temporal statistical analysis 
functions and visualization capabilities in a virtual environment for a well defined 
thematic scope: drought and flood early warning and monitoring using real-time 
hydroclimatic indicators at the river basin scale. A user-friendly web-based cartographic 
client is built to allow the users to inspect the results.  The IMDROFLOOD SDI/geoportal 
will be updated during the life time of the project.  

This approach has the potential to generate an important impact for the communities 

involved in the drought and flood management by enabling a step change enhancement 

in data processing and fusion of diverse datasets, supporting improved collaboration 

and providing a single framework through which different data, tools, algorithms and 

models can be accessed. 
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