
D 4.3 Database structure 

The realization of the DSS involves implementing the design through the development of software 

and hardware components. A robust and scalable infrastructure is necessary to handle large 

volumes of spatial and temporal data. Cloud computing can provide the necessary computational 

power and storage capacity to support data-intensive processes. 

Data acquisition is a crucial aspect of the DSS. Satellite imagery, including multispectral and 

hyperspectral data, can provide valuable insights into the extent and intensity of algal blooms. 

Integration with remote sensing technologies enables the automated retrieval and processing of 

satellite data, allowing near real-time monitoring of HABs. 

In-situ monitoring stations equipped with sensors for water quality parameters, such as 

temperature, salinity, dissolved oxygen, and chlorophyll-a, should be strategically placed to 

collect relevant data. These stations can transmit data in real-time to the DSS, enhancing its 

accuracy and providing ground truth validation for satellite observations. 

The DSS should incorporate advanced data analysis techniques to extract meaningful information. 

Machine learning algorithms can be employed to develop predictive models that forecast algal 

bloom dynamics based on historical data and environmental conditions. Spatial analysis tools 

within the GIS framework can identify vulnerable areas and potential dispersion patterns, 

assisting in the implementation of targeted management strategies. 

Visualization is a key component of the DSS, as it enables decision-makers to interpret complex 

data easily. GIS provides a powerful platform for spatial data visualization, allowing the creation 

of maps, graphs, and interactive dashboards. Decision-makers can use these visual 

representations to identify trends, patterns, and hotspots of algal blooms, facilitating informed 

decision-making processes. 

Benefits and Applications: The integration of GIS with a DSS offers numerous benefits for 

managing harmful algal blooms. It enables decision-makers to monitor, analyze, and predict algal 

bloom occurrences efficiently. The system facilitates the implementation of proactive measures, 

such as early warning systems, to protect public health and aquatic ecosystems. 

The DSS can assist in the development of adaptive management strategies by providing insights 

into the effectiveness of different interventions. Decision-makers can evaluate the impact of 

nutrient management practices, hydrological alterations, and water treatment techniques 

through spatial analysis and modeling tools. 

Furthermore, the DSS can support communication and collaboration among stakeholders by 

providing a common platform to share information and coordinate response efforts. It enables 

the dissemination of relevant data and alerts to public health agencies, water utilities, 

recreational water users, and other concerned parties. 

The geodatabases on which the DSS is based are the following online webgis: 



 Geoportale Nazionale http://www.pcn.minambiente.it/mattm/ 

The National Geoportal (GN) is a cartographic database that goes from the years 1989/90 to today. 
GN users can access the data free of charge. The GN is the fulcrum of the National Data 
Infrastructure (IDN), a network of peripheral nodes that allows central and local Public 
Administrations to quickly exchange meta-information on the environment and on the territory, 
allowing the use of databases distributed between various entities. 
The Environmental Remote Sensing Plan (airborne and satellite) allows users of the NG, through a 
data repository representative of the national territory, to view indispensable information for the 
creation of high added value documents to intervene preventively in areas with high 
hydrogeological risk. 
 
 

 
 
 

 Geoportale ABDAC – Autorità di bacino distrettuale dell'Appennino centrale (ABDAC) 

In this GEOPORTAL, defined within the hydrographic district of the central Apennines, it is 
possible to consult, view and query the main information on the Hydrogeological Structure Plans 
including their themes, the data on water bodies of the Water Resources Management Plan as 
well as the summary on the availability of water resources assessed by the Permanent 

http://www.pcn.minambiente.it/mattm/
https://webgis.abdac.it/portal/home/index.html
https://webgis.abdac.it/portal/apps/webappviewer/index.html?id=4fb260325d2245cba63cd4bc3defb41a


Observatory. 

 

The Central Apennines Basin District Authority (ABDAC) authorizes the use of the Open Data 
published in this GEOPORTAL under the “Italian Open Data License v. 2.0”, appropriately adapted 
and published on the Authority's institutional website.  

 

 

Since the benefits of using a webGis instead of a GIS are uncountable , it is advisable to set up a 
DSS on a webGIS instead of a GIS 

WebGIS is a geographic information system published online. Specifically, it allows the 
user to store, view and manage online all georeferenced digital information, i.e. all those 
documents or images that are associated with geographic coordinates. 

Compared to simple GIS, WebGIS therefore allows the user to analyze a map by using a 
simple browser and connecting to the Internet. The opportunities that this tool offers 
are therefore evident in terms of communication and sharing of information acquired 
with users potentially located in every part of the world. In fact, WebGIS makes it 
possible to load onto a server all the GIS applications developed by and for individual 
users or those connected in local networks. And, from here, all cartography and 
associated data can be disseminated across the Web. 

The many benefits of WebGIS projects are: 

 centralized information management 

 immediate distribution 

 generalized diffusion 

 possibility of interaction in real time 

 management of different types of users (municipal technicians, professionals, public)   



consultation with standard PC, without the need for specific software  

consultation without the need for specialist skills 

 

The data to be collected in the database are 

Water Related Ancillary Data  

The Water Related Ancillary Data section is about collecting data regarding the 
water usage, the water discharges and the water distribution network, in order 
to estimate the quantity of water that is used (and to treat) per day. This 
collection data can be improved to increase the DSS application to the whole 
water cycle management. 

The parameters that are needed to be taken into consideration for the collection 
of data, are the following:  

• Water use - identification of the amount and sources of water usage for:  

• Residential area (water consumption per capita); 
• Industrial / Commercial/ Institutional; 
• Agricultural; 
• Municipal; 
• Tourism. 

 

Untreated water:  

• If a drinkable water treatment plant exist then data will be filled in a specific 
excel worksheet; 

• If a water treatment plant does not exist give a characterization for each inflow 
water in terms of the most important parameters, such as:  

 Flow rate: It depends upon population density, water consumption, and 
the extent of the commercial or industrial activity in the community.  

 Chemical Oxygen Demand (COD) and Biological Oxygen Demand (BOD);  
 Principal pollutants concentration: The principal pollutants that can be 

found in a water network such as suspended solids, nutrients (Nitrogen 
and phosphorus), heavy metals; 

 Cyanobacteria. 

Water distribution network, this is to measure the amount of water that are 
distributed by the following  

water networks:  

• Drinking water distribution network; 



• Sewage network; 

• Reservoirs; 

• Wells; 

• Rivers. 

Ancillary Data Miscellanea  

In this category the partner has to estimate the quantity of water used from each 
interested area (local and regional). Population estimates are one of the greatest 
data challenges for water supply planners. It is critical to know how many people 
a utility serves and to project how many may be served in the future to ensure 
adequate water supply. Accurate and consistent estimates of population are a 
necessary component of calculating metrics such as gallons per capita per day. 

The Parameters that the partner needs to take into consideration are the 
following:  

Population: Estimate the seasonal equivalent inhabitants (or population) living in 
each study area in order to be able to calculate the amount of water used per 
person.  

Industrial plant: water use for the process purposes (i.e. textile, agroindustry, 
etc). The characteristics of the to wastewater treatment plant (if any) should be 
recorded.  

Water quality  

As water quality depends on all the substances that compose the hydric solute 
system therefore for water management purposes it is important to examine the 
water quality of each study area, in order to be able to suggest ways of 
improvements related with the water cycle management. Partners have to take 
into consideration the parameters according to the legislation limits and, of 
course, relating to the cyanobacteria presence. Moreover the monitoring 
systems (if any) should be recorded. 

Drinkable Water Treatment Plant  

It is important to collect information about any existing Drinkable Water 
Treatment Plant in order to optimize the process allowing the removal of 
cyanotoxins. 

The information that needs to be collected is the following: adopted technology, 
the year the water treatment plant was constructed, maintenance records of the 
plant, water flow rate, water characteristics, seasonality, produced waste, water 
use after treatment, etc. 

Cartography  



The data that will be collected in this category will be combined also with the GIS 
section. The data needed is as follows:  

• Landuse, a landuse map illustrates types and intensities of different land uses in 
a particular area; 

• Hydrographical Network, hydrography is the mapping of water features; 

• Water distribution network, a map of water distribution illustrates the routes 
that the water networks follow ending up into different water bodies; 

• Wastewater network, a map of wastewater network illustrates the routes that 
the wastewater follows ending up into different water bodies; 

• Temperature, a temperature map could present the past, current and future 
temperature of the area of interest; 

• Precipitation/rainfall, precipitation/ rainfall map presents the rate of 
precipitation in areas of interest; 

• Administrative boundary, subdivisions of areas/territories/jurisdictions 
recognized by governments or other organizations for administrative purposes; 

• Terrain morphology, for example, to generate elevation, area, and volume 
curves for a set of selected drainage areas; 

• Geology, a geology map is a special-purpose map made to show geological 
features; 

• Protected areas, a map could be prepared illustrating if there are any protected 
areas in specific locations of interest (i.e. NATURA 2000 areas, National Parks 
etc.); 

• Water Treatment plant, all the existing industrial plants for water treatment, 
locating in specific areas of interest, could be presented in a map; 

• Reservoirs, locations of water reservoirs. 

 

 

  



D 4.4 DSS Design and development 

The DSS architecture should include data acquisition, processing, analysis, and visualization 
components. It should integrate various data sources, such as satellite imagery, in-situ monitoring 
stations, and environmental databases, to ensure comprehensive and up-to-date information. 
Additionally, the system should incorporate models and algorithms to predict algal bloom 
development and assess potential risks. 

Design of a decision support system to forecast a harmful algal bloom in lakes 

To the aim of developing a decision support system (DSS) with the purpose of predicting harmful 
algal blooms (HABs) in lakes, the following comprehensive framework has been adopted. 

1. Define Objectives: 

   - Clearly outline the goals of the DSS. What specific aspects of HABs to forecast, for example, 
predicting bloom occurrence, intensity, duration, or identifying high-risk areas. 

2. Data Collection: 

   - Gather relevant data on the lake and environmental conditions that contribute to HABs. This 
may include physical, chemical, and biological parameters such as temperature, nutrient levels, 
light availability, and historical bloom data. 

   - Consider utilizing different data sources, including field measurements, remote sensing data, 
and existing databases. 

3. Data Preprocessing: 

   - Cleanse and preprocess the collected data to remove errors, outliers, and inconsistencies. This 
step may involve data normalization, aggregation, interpolation, or filtering techniques to ensure 
data quality. 

4. Feature Selection: 

   - Identify the most influential features that contribute to HAB occurrences. Use statistical 
analysis or machine learning techniques to determine which variables are most relevant and 
informative for forecasting HABs. 

5. Model Development: 

   - Choose an appropriate modeling technique that suits the characteristics of your data and 
objectives. Examples include statistical models (e.g., regression), machine learning algorithms 
(e.g., random forests, support vector machines), or neural networks. 

   - Train the model using historical data, considering factors that led to HABs in the past. 
Incorporate various meteorological and environmental variables to capture complex interactions. 

   - Evaluate and refine the model performance using validation techniques like cross-validation 
or hold-out testing. 

6. Forecasting and Visualization: 



   - Apply the trained model to new or real-time data to generate forecasts for HAB occurrences. 
The DSS should provide predictions based on the latest environmental conditions and help 
identify potential bloom areas. 

   - Visualize the forecasted results using maps, graphs, or charts to facilitate easy interpretation 
and decision-making by stakeholders. 

7. Integration and User Interface: 

   - Design an intuitive user interface for the DSS, allowing stakeholders to input current 
environmental data and receive real-time HAB forecasts. 

   - Integrate the DSS with relevant communication channels (e.g., websites, mobile apps, or alert 
systems) to disseminate forecasts to the appropriate stakeholders effectively. 

8. Monitoring and Model Updates: 

   - Continuously monitor the performance of the DSS and collect feedback from stakeholders. 

   - Incorporate new data and update the model periodically to improve its accuracy and adapt to 
changing environmental conditions. 

Remember that designing an effective DSS for HAB forecasting is an iterative process. Regular 
evaluations and feedback from users and domain experts will help refine and enhance the system 
over time. 

 

Since the central aspect of the Decision Support System (DSS) is its model development (point 

5 of the general framework above), due to the inadequate accuracy of both remote sensing-

based retrieval methods and predictive models, as mentioned earlier, the development of the 

DSS has been explored only up to the preliminary design phase. 

 

 

 


