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Summary: The need for more advanced data visualization and analytics capabilities 

increased in the last years with the introduction of a number of systems and platforms 

that provide environmental data. In the context of drought and flood early warning and 

monitoring there are several platforms for providing information and transferring 

knowledge to users. However, we identified some gaps between the water-related 

needs of selected local communities and the available products and services based on 

existing environmental knowledge: (1) usually, the river basin approach is missing; (2) 

where the river basin approach is used (Aqueduct products), monitoring and 

forecasting components are missing; (3) there is a general lack in generation of products 

and services for non-expert users. The concept of IMDROFLOOD spatial data 

infrastructure (SDI) aims at filling the gaps between the needs and expectations of 

selected local communities and the wealth and complexity of environmental 

knowledge related to flood and droughts, in order to contribute to the informed 

decisions and sustainable planning at the river basin scales. 
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1. Introduction 

The need for more advanced data visualization and analytics capabilities increased in 

the last years with the introduction of a number of systems and platforms that provide 

environmental data (e.g. Sentinels missions and Climate Change Services from the EU 

Copernicus Programme). This kind of systems provide routine monitoring of our 

environment and predictions at the global scale and/or at regional ones at higher spatial 

and temporal resolution, thereby delivering an unprecedented amount of data.  

The availability of large sets of environmental data is continually growing and this 

contributes a lot to science and development, and applications, but also poses a major 

challenge to achieve its full potential in terms of data exploitation. Firstly, because in the 

Petabytes era new issues emerge in terms of discovery, access, exploitation, and 

visualization of “Big Data” with implications on how users do “data-intensive” Earth 

Science and derived products and services. On the other hand, the growing diversity and 

complexity of data and users having different needs, methods, languages and protocols 

require new approaches to make sense of a wealth of data of different nature (e.g. Earth 

Observation, in – situ measurements, reanalysis, model results), structure, format and 

associated uncertainty limits (European Space Agency, 2013). 

Responding to these technological and community challenges requires the development 

of new ways of working, capitalizing on Information and Communication Technology 

(ICT) developments to facilitate the exploitation, analysis, sharing, mining and 

visualization of massive Earth Observation (EO) data sets and high-level products within 

Europe and beyond (European Space Agency, 2013). Evolution in information 

technology and the consequent shifts in user behavior and expectations provide new 

opportunities to provide more significant support to geospatial data exploitation. In 

particular, Infrastructure as a Service (IaaS) providing infrastructure as shared scientific 

collaboration platforms across large communities enables data and resource sharing at 

optimized cost and allows for massively scalable ICT infrastructure under pay-per-use 

models, giving access to resources users would not be able to afford on their own. App 

stores and Software as a Service (SaaS) have popularized the idea of processing on the 

network, sourcing content (data) and applications (processors) from commercial or free 

interactive ‘stores’. Social networking makes a new level of online collaboration among 

communities of practice not only possible, but also mainstream.  
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2. State of the art in the geospatial assessment and 
gap analysis  

In the context of drought and flood early warning and monitoring there are several 

incentives for providing information and transferring knowledge to users. The European 

Drought Observatory (http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000) 

provides drought-relevant information such as maps of indicators derived from different 

data sources (e.g., precipitation measurements, satellite measurements, modelled soil 

moisture content). Different tools, like Graphs and Compare Layers, can be used for 

displaying and analyzing the information. Also, the European Drought Observatory 

(EDO) platform publishes "Drought News" in case of imminent droughts (e.g. 

http://edo.jrc.ec.europa.eu/documents/news/EDODroughtNews201508.pdf ).  

The European Flood Awareness System (EFAS) (https://www.efas.eu/) is the first 

operational European system monitoring and forecasting floods across Europe. It 

provides probabilistic flood forecast information more than 48 hours up to 15 days in 

advance  to its partners:  the National/Regional Hydrological Services and the European 

Response and Coordination Centre (ERCC). The EFAS currently use weather forecasts 

from three different weather services, real-time weather observations from more than 

5000 stations across Europe and real-time hydrological stations from more than 500 

stations. EFAS is an operational service under the umbrella of the Copernicus emergency 

management service and is fully operational since October 2012. Also, the EFAS has 

published a bimonthly bulletin (e.g.  

https://www.efas.eu/download/efasBulletins/2017/bulletin_feb-mar_17.pdf).  

The Drought Management Centre for Southeastern Europe – DMCSEE 

(http://www.dmcsee.org/en/home/) aims at coordinating and facilitating the 

development, assessment, and application of drought risk management tools and 

policies in South-Eastern (SE) Europe with the goal of improving drought preparedness 

and reducing drought impacts. The monitoring products available on the web platform 

of the DMCSEE consist of the Standardized Precipitation Index (SPI) and precipitation 

percentiles. Basic information on drought in the current season are summarized in 

drought bulletin for SE Europe which has been published since spring 2010. The Drought 

monitoring bulletin is based on numerical weather prediction (NWP) model simulations 

over SE Europe, SPI index calculations and remote sensing. Precipitation data is provided 

by Global Precipitation data Centre (http://gpcc.dwd.de). NWP simulations are 

performed with Non-hydrostatical Mesoscale Model (NMM, see: 

http://www.dtcenter.org/wrf-nmm/users/). Historical DMCSEE model climatology was 

computed with NMM model for time period between 1st January 1979 and 31st 

December 2016. European Centre for Medium Range Weather Forecast (ECMWF) ERA-

Interim data set (see: http://www.ecmwf.int/en/research/climate-reanalysis/era-

interim) was used as input for simulations. Long term averages (1979–2016), used for 

http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000
http://edo.jrc.ec.europa.eu/documents/news/EDODroughtNews201508.pdf
https://www.efas.eu/
https://www.efas.eu/download/efasBulletins/2017/bulletin_feb-mar_17.pdf
http://www.dmcsee.org/en/home/
http://gpcc.dwd.de/
http://www.dtcenter.org/wrf-nmm/users/
http://www.ecmwf.int/en/research/climate-reanalysis/era-interim
http://www.ecmwf.int/en/research/climate-reanalysis/era-interim
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comparison of current weather conditions, are obtained from simulated data set. 

Comparison of current values to long term averages provides signal on potential ongoing 

drought severity. 

In general, the existing geoportals exemplified above have as main users national and 

European institutions. Also, the national institutions are usually the national 

meteorological and hydrological services. These means that the information and 

knowledge are delivered to a particular type of users, those who have scientific and 

technical background. There is a general lack in generation of products and services for 

non-expert users. Local administration and communities were not the main target and 

they could only indirectly make use of the generated knowledge.  

In addition, the climate products and services of the existing geoportals are usually not 

fitted for the scales and particularities of the selected river basins. In the IMDROFLOOD 

cases, the selection was based on the national and/or regional relevance (e.g. 

transboundary catchments) and not on some global criteria which are mainly used by 

the existing portals. 

A geoportal which provides mapping and other tools related to global water risk and use 

the basin scale approach is Aqueduct (http://www.wri.org/our-

work/project/aqueduct). It aims at helping companies, investors, governments, and 

other users understand where and how water risks and opportunities are emerging 

worldwide. The Aqueduct Water Risk Atlas (Aqueduct) is a publicly available, global 

database and interactive tool that maps indicators of water-related risks. Aqueduct 

enables comparison across large geographies to identify regions or assets deserving of 

closer attention (Gassert et al., 2014). Also, average exposers to water risk indicator 

defined by Aqueduct project are computed at country level and for large or very 

populated river basins (Gassert et al., 2013). However, without monitoring and 

forecasting components these otherwise useful products and services (Aqueduct atlas 

and rankings) are rather static pictures of water related hazard and resources.  

The gaps we identified between the water-related needs of selected local communities 

and the available products and services based on existing environmental knowledge are:  

 usually, the river basin approach is missing;  

 where the river basin approach is used (Aqueduct products), monitoring and 
forecasting components are missing;  

 there is a general lack in generation of products and services for non-expert 
users. 

3. IMDROFLOOD geoportal concept 

The IMDROFLOOD spatial data infrastructure (SDI) aims at filling the gap between the 

water-related needs and expectations of selected local communities and the wealth and 

complexity of environmental knowledge, in order to contribute to the informed 

http://www.wri.org/our-work/project/aqueduct
http://www.wri.org/our-work/project/aqueduct
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decisions and sustainable planning at the river basin scale. In this context, the 

IMDROFLOOD geoportal has 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 focused on river basin scale.  

The IMDROFLOOD geoportal will facilitate user access to big volumes of multi-temporal 

data, computing capacity and to a set of predefined geospatial data processors 

(algorithm chains). Every processing cycle can be run against a temporal slice of raw data 

and will produce thematic stacks (coverage cubes) of physical parameters derived 

directly from a single source of data or as a result of data fusion between different 

sources of data like model outputs, reanalysis, satellite data and/or in-situ 

measurements. Then, using a user friendly web based cartographic client, the users are 

able to visually inspect the results and apply further multi-temporal processing chains in 

order to do various statistical and trend analysis. Thus, the new results may be displayed 

as thematic maps, interactive charts or reports. 

In order to better serve the user needs this virtual workplace has to be adjusted for the 

river basin scale and provide access to: 

 Relevant geospatial and non-geospatial data; 

 Scalable network, computing resources and hosted processing (Infrastructure as 
a Service - IaaS); 

 A platform environment (Platform as a Service - PaaS), allowing users to 
integrate, test, run, and manage applications (i.e. processors) without the 
complexity of building and maintaining their own infrastructure, and providing 
access to standard platform services and functions such as collaborative tools, 
data mining and visualization applications, the most relevant development tools 
(such as Python, IDL etc.) and documentation, accounting and reporting tools to 
manage resource utilization; 

 Application repositories or stores (Software as a Service, SaaS) providing access 
to relevant advanced processing applications. 

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. 

The IMDROFLOOD geoportal will provide data discovery and access interfaces for a 

number of relevant repositories of satellite, modeled and in-situ data, making use of 

information and knowledge generated by the consortium team for the selected case 

studies. Local information such as in situ measurements can and should be enhanced 

with data and services delivered by providers like: 
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 Copernicus Atmosphere Monitoring Service 
(https://atmosphere.copernicus.eu); 

 Copernicus Climate Change Service (http://climate.copernicus.eu); 

 European Flood Awareness System (https://www.efas.eu);  

 European Drought Observatory 
(http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000 );  

 Copernicus Reference Data Access - CORDA (https://corda.eea.europa.eu). 
 

The IMDROFLOOD architecture will follow the model proposed by the European Space 

Agency (ESA) in the "Exploitation Platform Open Architecture" specification document 

(European Space Agency, 2016). As recommended in the mentioned specification, the 

IMDROFLOOD architecture will be split among four macro-components. A macro-

component is a logical collection of components that have similar or strictly related 

functions and implement a homogeneous set of processing services. A macro-

component is just a logical representation used to easily describe the architecture, thus 

it has no direct relation to the system software implementations. 

 

 

Figure 1. IMDROFLOOD architecture macro-components  

 

User Access Portal 

The User Access Portal macro-component provides the interface to the final users and 

the system operators. This macro-component implements also a set of common 

underlying services used by the other components, such as authentication, accounting, 

monitoring and notifications module. 

Resource Management 

https://atmosphere.copernicus.eu)/
http://climate.copernicus.eu)/
https://www.efas.eu)/
http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000
https://corda.eea.europa.eu)/
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The resource management macro-component handles the resources available in the 

platform. Its components implement the “data discovery”, “data management” and 

“processing services management” functionalities. The resource management macro-

component takes care of the resource storage, resource location, resource catalogue, 

metadata harvest, resource visualization and all the other resource management tasks. 

The resource management macro-component takes as input a Query, which is the 

request for resource fulfilling different selection criteria, and returns the resource itself, 

in form of one or multiple data products, data results and workflow packages. Together 

with the resource, the query returns the resource metadata, which usually include the 

preview associated to the resource for quick visualization purposes. 

Service Integration 

The service integration macro-component provides the platform with a framework to 

integrate geospatial data processors and algorithms. 

Execution Environment 

The Execution Environment macro-component provides the platform with an 

environment to run processing services. This macro-component implements on-demand 

processing functionality. The Execution Environment macro-component takes as input 

an execution request, which come from the workflow processing. 

The macro-component will perform the pre-defined processing operations according to 

the specified processing parameters, without further interaction with the final user, 

then publish the results into the Resource Management macro-component.  

The Execution Environment macro-component can also perform queries to the Resource 

Management macro-component to look for resources required by the processing which 

are not directly specified in the execution request. 

A scenario to analyze and display a multi-temporal dataset using IMDROFLOOD 

functionalities is presented below: 

 The user is using the geoportal discovery capabilities to identify a relevant 
dataset (e.g. 10 days synthesis of drought indices); 

 The user is using the geoportal functionality to select a temporal (start date & 
end date - TOI) and spatial (region of interest - ROI) slice from the identified 
product cube (e.g. 5 years); 

 The users select a basic statistic method to be applied (e.g. mean); 

 The request is sent to the server side processing applications wrapped as WPS 
or WCPS calls; 

 The process will trim/slice the coverage cube, perform the statistic operation 
for the pixels within the ROI for each day in the selected time interval; 

 The results are sent back encoded in a standard file format (e.g. 
JSON/GeoJSON); 
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 The geoportal displays the results in a relevant form (e.g. chart); 

 More advanced statistics and visualization are applied to the results (e.g. trend 
line calculation); 

 The results are downloaded as graphics, reports or raw data. 
 

4. Conclusions 

To conclude, the IMDROFLOOD geoportal will fill the existing gaps between local users’ 

needs and available water-related knowledge providing benefits such as: 

 basin scale approach in monitoring and forecasting services; 

 rapid data access by avoiding moving large amounts of data on the network; 

 full focus on exploitation as users do not spend time on ICT matters; 

 synergistic use of different geospatial data sources; 

 fully automated data processing framework allowing generation of products for 
non-expert users. 

5. References 

European Space Agency. 2013. “Implementation of Thematic Exploitation Platforms”. 

19pp. Available online at https://earth.esa.int/documents/10174/1157689/TEP_RFI. 

European Space Agency. 2016. “”. 68 pp. Available online at 

https://tep.eo.esa.int/documents/20181/30543/Exploitation+Platform+Open+Architec

ture+DRAFT3/b775d1f0-eb4e-420c-ad4c-3c2ed36fb577?version=1.3. 

Gassert, F., P. Reig, T. Luo, and A. Maddocks. 2013. “Aqueduct country and river basin 

rankings: a weighted aggregation of spatially distinct hydrological indicators.” Working 

paper. Washington, DC: World Resources Institute, November 2013. Available online at 

http://wri.org/publication/aqueduct-country-river-basin-rankings. 

Gassert, F., M. Luck, M. Landis, P. Reig, and T. Shiao. 2014. “Aqueduct Global Maps 2.1: 

Constructing Decision-Relevant Global Water Risk Indicators.” Working Paper. 

Washington, DC: World Resources Institute. Available online at 

http://www.wri.org/publication/aqueduct-globalmaps-21-indicators. 

 

 

https://earth.esa.int/documents/10174/1157689/TEP_RFI
https://tep.eo.esa.int/documents/20181/30543/Exploitation+Platform+Open+Architecture+DRAFT3/b775d1f0-eb4e-420c-ad4c-3c2ed36fb577?version=1.3
https://tep.eo.esa.int/documents/20181/30543/Exploitation+Platform+Open+Architecture+DRAFT3/b775d1f0-eb4e-420c-ad4c-3c2ed36fb577?version=1.3
http://wri.org/publication/aqueduct-country-river-basin-rankings
http://www.wri.org/publication/aqueduct-globalmaps-21-indicators

