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Executive summary 
The present document constitutes deliverable “D4.5 – Air quality forecasting and Geospatial Business 
Intelligence tool” of CALLISTO and focuses on the air quality forecasting model and the Geospatial Business 
Intelligence (GeoBI) tool, i.e., the CALLISTO air quality services, which were developed by DRAXIS in the 
context of the project for the better monitoring and forecasting of air quality events. The main-target 
audience of these services are environmental journalists who wish to improve their story-telling and raise 
public awareness about incidents related to air pollution. 

D4.5 describes the phenomenon of air pollution which has severe impacts on public health (e.g., it can 
contribute to the occurrence of respiratory or cardiac system - based diseases) and the environment, and 
explains the importance of monitoring and forecasting air quality conditions. Moreover, the current 
techniques and models that are used for the air quality monitoring and forecasting are listed, and information 
about the media coverage of the phenomenon is reported, estimating the public's current awareness about 
the topic. Furthermore, the document presents CALLISTO’s “Satellite Journalism” Pilot Use Case (PUC) and 
the products that will be developed, including the GeoBI tool and the air quality forecasting model whose 
outputs will be visualised in the tool. It analyses the profile of the potential stakeholders (end-users), as well 
as their requirements for the GeoBI tool. In addition, the existing user requirements elicitation techniques 
are presented and those that were chosen by DRAXIS in the context of the project are mentioned in detail, 
along with the reasons for which these techniques were chosen. A catalogue of the user requirements that 
were eventually collected is included.  

After investigating the current techniques and models that are used for air quality monitoring and 
forecasting, in combination with the user’s requirements, D4.5 presents the state-of-the art model 
developed by DRAXIS which produces 2-day air quality forecasts for the most important air pollutants, 
namely PM2.5, PM10, O3, SO2, NO, NO2 and CO.  The GeoBI tool, which is designed by DRAXIS, visualises the 
aforementioned model’s outputs, as well as other air quality related data from various sources.  A detailed 
description of the 1st prototype of the GeoBI tool, the three pilot scenarios that the tool focuses on, the 
sources of the data used on the tool, and a description of the data processing that was carried out is provided 
in the D4.5. 

Finally, some ethical aspects that could arise through the use of the described services and the ways which 
are faced by CALLISTO are clarified. The document ends with a roadmap of the next steps of the services and 
some conclusions. 
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1 Introduction 
1.1 Purpose and Scope 
Air pollution constitutes the biggest environmental health risk in Europe1. More specifically, various diseases 
that are related to the respiratory and cardiovascular systems have been associated with short- and/or long- 
term exposure to different air pollutants. For this reason, the monitoring and forecasting of the air quality 
conditions in a given area are of great interest. Furthermore, it is essential for air quality data to be available 
and easily accessible by everyone in order for the general public to be better informed about the levels of air 
pollution in their area to give them the opportunity to take measures to protect their wellbeing against 
relevant risks.  

Journalists dealing with environmental issues play a key role in the credibility of the information reaching the 
general public which can raise their awareness about environmental issues such as the air pollution levels in 
their area. In order to improve their storytelling, CALLISTO aims to develop an air quality forecasting model 
and a GeoBI tool. This tool allows journalists (and eventually the general public) to monitor air quality easier 
and more accurately, to collect information about the local air quality conditions and to visualise them in an 
easy-to-use interface.  

 

1.2 Document Structure 
The document constitutes deliverable (D) 4.5 - Air quality forecasting and Geospatial Business Intelligence 
tool of the CALLISTO project and is organised as follows: 

 Section 1 - Introduction: it describes the purpose and scope of the document and its structure; 

 Section 2 - Air quality monitoring and forecasting: it describes the phenomenon of air pollution, its 
impact on public health and the environment, the current techniques for monitoring and forecasting 
air quality and the media’s coverage about air pollution topics; 

 Section 3 - CALLISTO’s “Satellite Journalism” Pilot Use Case: it describes the satellite journalism pilot 
case and the products that will be developed in CALLISTO; 

 Section 4 - The CALLISTO requirements: it describes the potential stakeholders, their requirements 
and the techniques for elicitation of user’s requirements; 

 Section 5 - Air quality forecasting model using Artificial Intelligence techniques: it describes the air 
quality forecasting model which was developed in the context of the CALLISTO project; 

 Section 6 - Geospatial Business Intelligence tool: it describes the 1st prototype of the GeoBI tool, the 
three pilot scenarios that the tool focuses on and the sources of the data used on the tool; 

 Section 7 - Ethical issues: it describes the ethical framework of CALLISTO’s air quality services, i.e., 
the air quality forecasting model and the GeoBI tool; 

 Section 8 - Next steps: it describes the main goals of CALLISTO for the 2nd prototype and final version 
of the air quality services.  

 Section 9 - Conclusions:  it provides a short summary of the deliverable. 

 
1 European Environment Agency, Air pollution, https://www.eea.europa.eu/themes/air [Accessed: 27/10/22] 
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2 Air quality monitoring and forecasting 
2.1 Definitions of air quality and air pollution 
Air quality constitutes a measurement of the air in terms of how much pollution it contains2. Air pollution is 
the alteration of the atmospheres’ natural composition due to any chemical, physical or biological factor3. 
The sources that cause these alterations are analysed in section 2.1.1.       

These changes have various effects on human health and on the environment, i.e., they can be harmful with 
a short- and/ or long-term negative impact on the human health, can have unfavourable effects on 
anthropogenic and natural non-biological structures or can provoke a reduction in air’s visibility4.       

The concentrations and the type of the air pollutants in the atmosphere underlie the Air Quality Index (AQI), 
which is an index used for the characterisation of the air quality in a specific location and ranges from bad to 
good2.  

2.1.1 Sources of air pollution 

There are various sources of air pollutants, with the most important being the combustion of fossil fuels for 
large - scale human activities. Specifically, primary causes of air pollution are power stations, industrial 
machinery, and road transportation with the vehicles contributing to the 80% of the total air pollution5,6. 
Other activities with less contribution to the overall emissions are cultivations, gas stations, fuel tank heaters 
and cleaning procedures. The percentage of every source to the overall air pollution differs among and within 
different countries5. The above sources are classified into four (4) main types: 

a) Major sources, which include pollutants from power plants, petrochemicals, chemical and fertilisers 
industries and other industrial plants6; 

b) Indoor area sources, which include cleaning activities, dry cleaners, printing shops and petrol 
stations6; 

c) Mobile sources, which comprise of all types of vehicles6; 

d) Natural sources, which contain natural emissions like gases from volcanic eruptions or smoke from 
natural processes (e.g., lightning strikes)4,5. These emissions are divided into: 

- Geogenic emissions: Emissions from non – biological sources like volcanic eruptions and 
forest fires, sea-salt emissions, etc. 4. 

- Biogenic emissions: Emissions from the living world such as methane (CH4) emissions from 
swamps and volatile organic compound (VOC) emissions from forests4. 

The above-mentioned emissions can be reinforced by human activities. For example, the use of nitrogen 
fertilisers or deforestation can lead to increased biogenic emissions4.  

 
2 UCAR Center for Science Education (UCAR SciEd). Available at: https://scied.ucar.edu/learning-zone/air-quality/what-is-air-quality  [Accessed: 
18/10/2022] 
3 World Health Organization. Air Pollution. Available at: https://www.who.int/health-topics/air-pollution#tab=tab_2 [Accessed: 14/11/2022] 
4 Daly, A. and  Zannetti P. (2007). Chapter 1: Ambient air pollution. In: P. Zannetti, D. Al-Ajmi, and S. Al-Rashied, Ed., An Introduction to Air Pollution 
– Definitions, Classifications, and History. Published by The Arab School for Science and Technology (ASST) http://www.arabschool.org.sy ) and The 
EnviroComp Institute ( http://www.envirocomp.org/ ) 
5 Holman, C. (1999). Chapter 8: Sources of air pollution. Air Pollution and Health. City: Bristol, UK, p. 115 
6 Manisalidis I, Stavropoulou E, Stavropoulos A and Bezirtzoglou E. (2020). Environmental and Health Impacts of Air Pollution: A Review. Frontiers in 
Public Health, Volume 8, Article 14. Available at: https://www.frontiersin.org/articles/10.3389/fpubh.2020.00014/full  
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(a) 

 

(b) 

 

(c) 
 

(d) 

Figure 1: Sources of air pollution: a) power plants (main source)7, b) household (indoor area source) emissions8, c) vehicles emissions 
(mobile source)9  and d) emissions from volcanic eruptions (natural source)10 . 

 

2.1.2 Impacts of air pollution 

The abovementioned sources can alter the air-pollutants concentrations leading to harmful impacts on public 
health.  Air pollution is responsible for 7 million deaths every year globally3. More specifically, the European 
Environment Agency (EEA) declared that in 2019, approximately 307,000 premature deaths were due to 
Particulate Matter with a diameter less than 2.5 micrometres (PM2.5), in the 27 EU Member States. Nitrogen 
dioxide (NO2) was linked to 40,400 premature deaths, and ground-level ozone (O3) was related to 16,800 
premature deaths11. Apart from public health, air pollution has also negative impacts on the environment.  

 
7 The Wire. Breaching Regulations, Deadline for 300 Thermal Plants on Adoption of Air Pollution Norms Extended. Available at: 
https://thewire.in/environment/air-pollution-thermal-plants   [Accessed:31/10/2022] 
8 Andatech distribution. (2019). Indoor Air Quality Infographic. Available at: https://www.andatechdistribution.com.au/blogs/resources/indoor-air-
quality-infographic  [Accessed:  31/10/2022] 
9 Union of concerned scientists. (2014). Vehicles, Air Pollution, and Human Health. Available at: https://www.ucsusa.org/resources/vehicles-air-
pollution-human-health  [Accessed: 31/10/2022] 
10 Earth.com. (2022). Mysterious aspect of volcanic eruptions observed for the first time. Available at: https://www.earth.com/news/mysterious-
aspect-of-volcanic-eruptions-observed-for-the-first-time/  [Accessed: 31/10/2022] 
11 European Environment Agency (EEA). Air pollution: how it affects our health. Available at: https://www.eea.europa.eu/themes/air/health-impacts-
of-air-pollution. [Accessed: 25/10/2022]  
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2.1.2.1 Impacts on human health  

In the short – term, air pollution can cause cough, asthma, skin irritations, breathing difficulties and other 
diseases related to the respiratory system, such as pneumonia and bronchitis6. Moreover, long – term 
exposure to high concentrations of air pollutants can be responsible for chronic asthma, as well as 
cardiovascular, neurological and reproductive diseases. These effects are especially adverse for several 
vulnerable population groups, such as children and the elderly, leading to chronic diseases, increased 
incidents of hospitalisation and sometimes even death. Below, the impacts on health related with specific 
pollutants are quoted: 

1. Particulate Matter (PMx, i.e., PM1, PM2.5, PM10) 

The effects of PMx depends on its size, chemical composition and interaction with other air pollutants. Its 
presence is correlated with lung and heart-based diseases, depending on the size of the PM. PMx of smaller 
sizes is more dangerous. That is because it can overcome the body’s defence mechanisms and enter into the 
lungs, evoking harmful effects on the receptor11. 

 
Figure 2: PMx transparency depending on its size12. 

 

PMx can cause cough, difficulties in breathing, asthma, cardiac arrhythmias, heart attacks even death after 
prolonged exposure13. 

2. Ozone (O3) 

Ozone, depending on its position in the atmosphere, is characterised as tropospheric or stratospheric. 
Tropospheric Ο3 is one of the most dangerous pollutants for human health. According to EEA’s Air quality 
report - 2018, O3 may be responsible for cough, throat soreness, breathing problems, decreased lung 
capacity, lung inflammation and other respiratory system related problems. Furthermore, eye, throat and/or 
nose irritations can be caused by exposure to O3. People with asthma or other diseases related to the 
respiratory system are more susceptible to the effects of this pollutant. 

 
12 Ajay Kumar Thakur et al. (2020). Chapter: Mucoadhesive drug delivery systems in respiratory diseases. In: Kamal Dua et al., Ed., Targeting Chronic 
Inflammatory Lung Diseases Using Advanced Drug Delivery Systems. Publisher: Academic Press 
13 Ghorani-Azam A., Riahi-Zanjani B., Balali-Mood M. (2016) Effects of air pollution on human health and practical measures for prevention.  Journal 
of Research in Medical Sciences. Volume 2016, Pages 21 – 65. 
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Even short – term exposure to O3 can provoke problems in the lung functionality and the immune system’s 
debility. While an individual’s exposure is prolonged to increased levels of O3, the amount of the breathing 
oxygen is reduced. As a result of this, people with cardiac or respiratory related diseases have even more 
difficulties in their routine. 

3. Carbon monoxide (CO) 

The impact of CO on an individual’s health depends on its concentration and duration of exposure. This 
pollutant can be poisonous and can induce headaches, dizziness, vomit, and even loss of senses. Moreover, 
CO constitutes an obstacle for oxygen transportation through blood to important tissues, affecting the 
cardiovascular and neuronal systems. 

Even individuals not belonging to vulnerable population groups may have temporary breathing and vision 
problems if they are exposed to increased concentration levels of CO. 

4. Sulphur dioxide (SO2) 

SO2 is another pollutant with severe impacts on public health, especially for vulnerable population groups 
like young children and elder people. This pollutant can cause problems in the respiratory system and 
exacerbate already existing cardiac problems. Surveys have proved that residents of areas with high 
concentrations of SO2 in the atmosphere can suffer from acute bronchitis14. SO2 enters the body through the 
mouth and can spread to the lung. If dissolved, it interacts with sense receptors in the respiratory system 
restricting the airflow. 

Last but not least, irritations on skin, eyes and inflammations on the respiratory system have been noticed 
due to exposure to SO2. However, the most serious issues caused from this air pollutant are 
bronchoconstriction, pulmonary edema and pneumonia. 

5. Nitrogen oxides (NOx, i.e., NO, NO2) 

NOx effects are detected on the blood, liver, lungs and spleen. When they interact with SO2 they are even 
more harmful. The reaction of NOx with other components like ammonia can cause health problems related 
to the respiratory system. These problems can range from malfunctions in lung tissues or even decreased life 
expectancy.   

Specifically, NO is responsible for infections of the respiratory system and in high concentration it can cause 
pulmonary edema6. 

 
14 Kodavanti, U. P., Schladweiler, M. C., Ledbetter, A. D., Ortuno, R. V., Suffia, M., Evansky, P., … Pinkerton, K. E. (2006). The Spontaneously 
Hypertensive Rat: An Experimental Model of Sulfur Dioxide-Induced Airways Disease. Toxicological Sciences, 94(1), 193–205. 
doi:10.1093/toxsci/kfl087 
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Figure 3: Impacts of different pollutants on the human body2. 

 

2.1.2.2 Impacts on the environment 

Apart from general public health, air pollution is also harming the environment. Nitric and sulphuric acids 
contaminate rain resulting in acidified water and soil environments, damaging biodiversity, buildings and 
monuments (acid rain). Gas emissions from industrial facilities, power plants and vehicles reduce the air’s 
transparency, creating haze in these areas. Moreover, they destroy the Ο3 layer in the stratosphere, affecting 
the amount of the incoming sunlight6. Due to the destruction of the Ο3 layer, the Earth’s surface temperature 
has increased. The increased temperature has an impact on the duration, timing and outbreaks of infectious 
diseases. More specifically, increased temperature shortens the incubation period of different pathogens 
transferred by mosquitoes and allows the migration of infectious insects in different areas around the globe, 
changing the current epidemics situation6. Finally, toxic air pollutants from the atmosphere end up in soil and 
water threatening the wildlife. 

 

2.2 Air quality monitoring and forecasting 
As a result of the rapid economic growth, an escalation of industry development and an increase in road 
traffic has been observed. Thus, the concentrations of various pollutants in the air have increased. Because 
of the increasing concentration of air pollutants and their severe impacts on public health, the necessity for 
monitoring and forecasting air quality has emerged. Air quality forecasting is a useful and essential tool not 
only for scientific – experts who wish to predict the future distribution and diffusion of air pollutants, but also 
for the general public who wish to get informed about imminent health-related risks, and for policy makers 
who wish to improve their decision-making process15. Taking advantage of this knowledge, the latter can 
make more informed decisions for reducing the public’s exposure to air pollution. In addition, measuring the 

 
15 Liu, H., Yan, G., Duan, Z., & Chen, C. (2021). Intelligent modeling strategies for forecasting air quality time series: A review. Applied Soft Computing, 
Volume 102, Available at: doi: 10.1016/j.asoc.2020.106957 
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concentrations of air pollutants is an inevitable step for avoiding their long-term effects on public health. 
There are two main approaches for air quality monitoring and forecasting16.  

The first approach relies on real-time air quality monitoring carried out using two different techniques. The 
first one contains systems for the measurement of the air quality in immediate and low-scale environments 
using low-cost sensors relying on simple technologies like Global Positioning System (GPS) and Bluetooth16. 
The second one focuses on larger-scale environments, like on a city level. In this case, there is a network 
consisting of numerous ground-based monitoring stations that daily measures different primary air 
pollutants like PM10, SO2, NO2, CO and O3, publishing daily reports of the air pollutants’ distribution. The daily 
average concentration of each air pollutant is converted to an AQI through organisations like Ministries of 
Environmental Protection. Depending on the area, if the AQI is above a specific health limit set by national 
or other governing agencies (e.g, European agencies), the air quality is characterised as bad and harmful to 
the general public health. Daily measurements of air pollutants can provide more credible results for long-
term studies15. 

The air quality conditions in a specific area are not stable. Air pollutants are transferred from area to area 
depending on existing air currents, as well as the area’s landscape and population. Through the years, the 
progress of monitoring different air pollutants like PMx has improved. For example, numerical models, like 
the 3D chemical transport models (CTMs), allow the monitoring of air quality in specific areas. These take 
into consideration the chemical and physical processes carried out in the atmosphere due to the emission, 
transport and mixing of different air pollutants. Examples of similar models are, WRF-Chem, WRF/Chem-
MADRID, CAMx, CMAQ model, and LOTOS-EUROS. The drawback of these models is that they demand 
analytical knowledge, data and other types of information (e.g., chemical conditions and products, and 
reaction indices) of the sources of the air pollutants that are considered for modelling15. 

An alternative method for the better monitoring of air quality relies on the forecasting of air quality and 
consists of statistical or empirical models. These models depend on statistical techniques used to correlate 
the concentration of a specific air pollutant with other parameters like meteorological and historical data 
related to air quality, in order to predict the air quality conditions. Typical models of this category are: the 
autoregressive integrated moving average (ARIMA), the grey model (GM) and other regression models13. In 
this approach, the most common techniques are multiple linear regressions between satellite remote sensing 
data, time series analysis and artificial neural networks (ANN). Although these models are more widespread 
due to their simplicity, they have been designed for specific regions and have limited outputs15,16. 

Nowadays, machine learning (ML) and artificial intelligence (AI) - based techniques have been established, 
which increase the performance of these models16. State of the Art models are usually nonparametric, 
nonlinear models using previous data to relate and predict the future conditions16, with better accuracy when 
they are managing uncertainties and using large – scale data15,16. 

ML models have contributed to the increase of the accuracy and credibility of forecasting models. The main 
techniques for air quality forecasting based on ML that have been used are: 

 Artificial Neural Network (ANN): ANN is a network of nodes connected via different layers, 
simulating the neuron framework of the human brain. Each node represents an activation function. 
This Network is suitable for data with many features, and has high reliability of classification. The 
drawback of this technique is that it is slow for middle and long-term forecasting even though it has 
a high performance for short – term forecasting, due to the many hyperparameters. The main air 

 
16 Hable-Khandekar, V., & Srinath, P. (2017). Machine Learning Techniques for Air Quality Forecasting and Study on Real-Time Air Quality Monitoring. 
2017 International Conference on Computing, Communication, Control and Automation (ICCUBEA). doi:10.1109/iccubea.2017.8463746 
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pollutants that are monitored and forecasted with this model are: PM2.5, PM10, O3, SO2, CO2, NO2 and 
CO15. 

 Support vector machine (SVM): This model, like ANN, can handle multi-level variables and increase 
the accuracy of the outputs by minimising the errors’ generalisation. It is suitable for time – series 
data, but is difficult for managing large – scale data, and is sensitive to the parameters which have 
been selected. The main air pollutants that are monitored and forecasted with this model are: PM2.5, 
PM10, O3, SO2, CO2, NO, NO2 and CO15.   

 Air Quality Forecasting using Decision/Classification Tree: This is a model like a flow chart, using a 
top – down approach. Like ANN, this approach has high accuracy with low – cost. However, it cannot 
handle data with wide ranges in the concentrations of air pollutants16.     

 Fuzzy Logic (FL): This is a model emulating the uncertainty of the human neuron system. It has 
achieved better decision-making for air quality management, but its accuracy is considered as 
moderate and its data should have adequate size increasing in this way the computational cost. The 
main air pollutants that are monitored and forecasted with this model are: PM2.5, O3, SO2, CO and 
NO2 15,16. 

 Extreme learning machine (ELM): This is a model suitable for both supervised learning and 
unsupervised learning problems. The innovation of this model is that its hidden layer nodes do not 
require update after index setting. The main air pollutants that are monitored and forecasted with 
this model are: NO, NO2, O3, PM10 and PM2.5

15.  

 Kalman Filter: This is a recursive data processing algorithm. Depending on previously estimated 
parameters and by providing the model with all the information it requires, it evaluates the current 
parameters. It has successfully been applied for forecasting, because it can handle the outliers in 
time-series data16.  

In order to increase the credibility and the stability of both the real-time monitoring and forecasting models, 
it is urged to decrease the uncertainty and nonlinearity of the model, while also creating an online database, 
where daily air quality data will be stored. The hybridisation of the above models will provide better 
credibility in air quality monitoring and forecasting15. 

2.3 Air quality information in media coverage 
Public opinion has an important impact on motivating policy-makers to take action for different social issues 
such as those relating to health. In addition, the media can, in turn, affect the public opinion by providing 
information on the current situation of society and setting future goals. To this end, the media need to 
provide credible news in order to reduce the misunderstandings and misinformation of the general public’s 
view. This way, they can be adequately informed and engage with policy-makers about the establishment of 
advancing health and/or environmental agendas17. 

There is a high volume of articles and news referring to issues related to air pollution; a volume that increases 
every year17. In the United Kingdom a detailed analysis of newspaper articles on air pollution took place from 
1997 to 2017 which included a total of 1594 articles. More specifically, the study examined if the public would 
focus their interest on air quality issues (i.e., reports for bad air quality), when in the same period there were 

 
17 Murukutla N, Negi NS, Puri P, Mullin S & Onyon L (2017). Online media coverage of air pollution risks and current policies in India: a content analysis. 
WHO South-East Asia Journal of Public Health, 6 (2), 41 - 50. World Health Organization. Regional Office for South-East Asia. 
https://apps.who.int/iris/handle/10665/329621 
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also other social or economic issues concerning society. The results showed that the public’s interest through 
the years has increased on this topic, i.e., the public’s concerns are now focused more and more on the air 
quality conditions in London and their correlation to health problems18.  

The public’s interest in air quality issues seems to be particularly increased after the occurrence of an 
environmental incident with adverse effects or a period when a peak on the concentrations of air pollutants 
is noticed.  For instance, in Italy in December 2015 the increase of the publications and social media posts 
related to air pollution was positively correlated with an increase of the PM10 concentration in the 
atmosphere19. While the news about this topic was quite informative, the public was not well informed about 
the long-term effects of air pollution on their health and the diseases potentially caused by it. Moreover, 
while a high percentage of the population is self-aware about their detrimental role for the reduction of 
environmental pollution, the majority supports that institutions have a higher impact on reducing it. 
Nonetheless, they could not name the responsible organisations or institutions for the air pollution 
monitoring19. 

From the above, it is clear that the available information on air pollution topics is increasing. However, it is 
focusing only on the type of air pollution and the short-terms effect of it. This pattern has been noticed in 
many countries all around the globe. More specifically, 79% of the published stories in India describe the 
health risks from air pollution as severe and suggest immediate action. However, only a small percentage of 
the news has mentioned the common diseases resulting from this environmental problem, or the risk for 
vulnerable population groups like children and the elderly. The majority of the media refers to vehicles as 
the main source of air pollution, neglecting other main sources such as agricultural field burning and 
household emissions. Last but not least, in the published news the reference of a local organisation or an 
institution as the main stakeholder for monitoring and forecasting the country’s air quality was absent17.  

Similarly, in Ghana through the years, an increase in publications related to air pollution was noticed, 
especially after the Harmattan season, when dust from the Sahara Desert is transferred through the African 
continent18. The publicity of these types of articles has increased the public awareness about air pollution 
topics. However, in Ghana, the sources of the air pollution and the impacts on human health are not 
presented adequately (or on a big scale)18. 

It is non-negotiable that the public is informed more and more about issues related to air pollution through 
the media. However, published news are focusing on specific aspects of air pollution, mainly on its short – 
term effects, which are easy to notice. The news needs to also inform about the long – term impacts on 
human health and the environment, and refer to related organisations and institutes. These organisations 
can support with data the policy-makers in order for them to make better-informed decisions concerning air 
quality, and answer the general public’s questions about air pollution related matters. In this way, the 
attempt for the reduction of air pollution can be more coordinative and direct.  

 

 
18 Agyei-Mensah, S., Kyere-Gyeabour, E., Mwaura, A., Mudu, P. (2022) Between Policy and Risk Communication: Coverage of Air Pollution in Ghanaian 
Newspapers. Int. J. Environ. Res. Public Health Volume 19. 
19 Carducci A., Donzelli G., Cioni L., Palomba G., Verani M., Mascagni G., Anastasi G., Pardini L., Ceretti E., Grassi T., Elisabetta C., Bonetta S., Villarini 
M., Gelatti U. (2017). Air pollution: A study of citizen’s attitudes and behaviors using different information sources. Epidemiology Biostatistics and 
Public Health. Volume 14. 
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3 CALLISTO’s “Satellite Journalism” Pilot Use Case  
Journalism focusing on environmental issues requires specific knowledge and skillset, including the 
accessibility to trustworthy data and information. The objective of CALLISTO’s 3rd PUC is to make available 
for journalists, and eventually the general public, the access to Earth Observation (EO) data from Copernicus. 
This way, they will have the opportunity to monitor and evaluate different environmental processes and build 
credible stories. 

The first step for the better use of these EO data from journalists to promote environmental awareness is 
the affiliation of EO data with other sensor data, e.g., measurements from air, sea and ground. In addition, 
the correlation of these data with other traditional or social media-based information would be even more 
supportive and helpful. In the framework of the Satellite journalism use case (PUC3), the main goal is the 
development of a user - friendly monitoring tool for journalists. This tool will provide them with  credible 
information from the combination of the aforementioned data. To this extent, journalists will have easy 
access to reliable data, promoting the sector of environmental journalism. The parameters which are 
identified to be explored in PUC3 are: 

Water quality assessment: Journalists’ sources will be local sensor data (e.g., the Health Office or regional 
water authorities), communications on social media about water quality issues (e.g., eutrophication 
phenomena) or water- surface levels and EO data in areas characterised as “in danger” due to the water-
rising levels (i.e., Venice). Furthermore, this data will give the opportunity to journalists to track the frequency 
and the consequences of the cruise ships, as well as the emissions from farms and industries. 

Investigation of Agribusiness and Industrial Sites: In order for the sustainability goals to be achieved, the 
engagement of industrial and agricultural companies is mandatory. Moreover, these companies should be 
inspected by society and the media for the detection of any environmental contraventions. Because facilities 
like farms and industrial plants are hard to be inspected, most often than not, problems and infringements 
are mentioned when they are able to be observed by far, which results in the escalation of the 
aforementioned issues.  

Air quality trends identification and forecasting: It is undeniable that air-related data are necessary for 
environmental journalists. However, these data (especially open-source data) are not easily available and 
comprehensible for them. For this reason, they rely on partial or locally descriptive data/research. CALLISTO’s 
work on air quality forecasting, historical data analysis, and intelligent visualisation will offer a supportive 
and rather impartial layer of air - related information in a spatial and more precise background. 

The products that are developed in CALLISTO and will be used for PUC3 are the following: 

● A research tool for journalists that permits the research in various data repositories, including EO 
data, Unmanned Aerial Vehicle (UAV) video collections, further sensor data and other related 
information (e.g., from social media and traditional media outlets), using complex search queries; 

● An air quality Geospatial Business Intelligence (GeoBI) tool with various visualisation elements on 
the available datasets’ analysis. 
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4 The CALLISTO requirements 
This section of the document includes the process of the user requirements elicitation that was carried out 
for the development of the CALLISTO air quality forecasting model and the GeoBI tool. Information on the 
identified potential stakeholders for whom these services are designed, as well as other stakeholders for 
whom the tool can be beneficial is presented. As CALLISTO is an ongoing project, there is a possibility that 
DRAXIS will identify additional stakeholders as the project progresses. 

4.1 Key stakeholders 
From the early stages of the project, it was mandatory for the consortium to identify the main stakeholders 
that could become potential end-users of CALLISTO’s key results. By understanding and acknowledging the 
needs and requirements of the end-users, the key results of the project can better address its objectives, 
thus maximising the impact of CALLISTO. The key stakeholders that have been identified in the framework of 
CALLISTO are presented in detail in D9.1 - Initial Communication and Dissemination plan. 

As regards the air quality forecasting model and the GeoBI tool, the potential stakeholders have been 
recognised based on their objectives and functionalities. As the outputs of the model are only accessed by 
stakeholders through the tool, the user requirements for the model have been integrated to those 
concerning the tool and which are described below.  

The table below presents the potential stakeholders (direct users) who could use the tool, as well as the 
stakeholders who could benefit from its use by others (indirect users) (Table 1). This distinction was made 
taking into consideration the context of the tool, its anticipated results and impact, and the technical skills 
individuals need to have in order to use the tool. 

As already mentioned, the GeoBI tool will be pilot tested by Deutsche Welle (DW with the aim to help them 
build their environmental stories. This makes evident the fact that journalists constitute the main potential 
stakeholders of the GeoBI tool (direct users), which will enable them to provide credible air quality-related 
information to the general public. In addition, credible air – quality data are also useful for security agencies 
monitoring environmental conditions to warn their clients about potential risks to their wellbeing. Policy- 
and decision-makers could also constitute direct users who could use the newly acquired knowledge to 
improve their decision making. Moreover, the tool could be used by the scientific community for research 
work, as well as from app developers interested in the technical functionalities of GeoBI. 

As regards the category of indirect users, the general public constitutes an indicative example of stakeholders 
who could benefit from the use of the tool by others. In particular, they are the main group who will benefit 
from the decisions taken by policy- and decision-makers and security agencies who could use GeoBI. 
Moreover, some industries could use the tool for monitoring their emissions. Thus, they could adapt and use 
technologies for reducing their released air pollutants. In some occasions, direct and indirect users could 
constitute the same group of people. 
 

Table 1: Stakeholders of the GeoBI tool. 

Stakeholders of the GeoBI tool 

Type of 
stakeholder Examples 

Direct Benefit from 
the tool (Potential 

Stakeholders) 

Indirect Benefit 
from the tool 

(Stakeholders) 
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Journalists/ 
Media 
broadcasters 

Media companies and journalists with 
specialisation in environmental issues 
(e.g., DW) 

Yes Yes 

Journalists owning blog or social media 
accounts for more direct information of 
the general public 

No Yes 

Policy-
/decision-
makers 

Local authorities monitoring air quality Yes Yes 

Municipalities  Yes Yes 

Ministry of Health and Environment Yes Yes 

Estimators who conduct risk assessments 
for health and environmental issues 

No Yes 

App 
developers 

Individual app developers Yes Yes 

App developer communities Yes Yes 

SMEs providing software and hardware 
solutions addressing environmental 
issues 

Yes Yes 

Security 
agencies 

Agencies monitoring and detecting health 
risks 

Yes Yes 

Academics Teachers / professors of environmental 
courses 

Yes Yes 

Scientific 
communities 

Institutes or research teams dealing with 
air – quality issues 

Yes Yes 

Research teams dealing with 
environmental   issues 

No Yes 

Environmental 
organisations 

Environmental NGOs (e.g., WWF, 
Greenpeace, iSea) 

No  Yes 

Local environmental agencies No Yes 

Environmental groups No Yes 

Industries / 
Businesses 

Businesses wishing to monitor their 
emissions 

No Yes 

Weather associated industries  No Yes 

Travel agencies No Yes 
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Tourists organisations No Yes 

Real estate agents No Yes 

Environmental consulting companies No Yes 

Medical/Pharmaceutical organisations No Yes 

EU agencies European Environmental Bureau (EEB)  No Yes 

European Environment Agency (EEA) No Yes 

European Public Health Alliance (EPHA)  No Yes 

European Respiratory Society (ERS) No Yes 

General Public Environmental activists No  Yes 

 

 

4.2 User requirements acquisition 
The first step for the identification of the user’s requirements is the selection of the most suitable elicitation 
techniques. The used techniques (Section 4.2.2) were selected after a literature review of all the available 
user requirements elicitation techniques (Section 4.2.1). 

4.2.1 Literature review of user requirements elicitation techniques  

The requirements collected by users concerning the development a specific tool are characterised as user 
requirements20. 

One of the first and most important steps of a project/service design is the identification of its users and/or 
possibly other target groups, and the acknowledgement of their needs and requirements. This approach is 
an inevitable and crucial stage for the success of the project/product, which will be beneficial for all targeted 
stakeholders. The requirements analysis is a process including four (4) steps as depicted in Figure 4.  

 
20 Maguire M., Bevan, N., Hammond, J., Gross, T., Wesson, J. (2002). User Requirements Analysis, Usability: Gaining a Competitive Edge. IFIP WCC 
TC13 2002. IFIP — The International Federation for Information Processing, volume 99. Springer, Boston, MA, p.133-148. Available at: 
https://doi.org/10.1007/978-0-387-35610-5_9  
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Figure 4: The requirements process20. 

 

The designers, during the above process, should take into consideration some issues that may occur: 

 Users do not know their necessities: It is common that the users are not familiar with technological 
features and skills. This lack of knowledge requires an explaining guide on the characteristics of the 
project. 

 Contradicting/conflicting requirements: One of the most important recommendations for the 
design implementation is the balance between the user’s requirements and the developer’s 
concerns. The collaboration between them for prioritising the requirements is essential. 

 Changes in the initial requirements during the project: It is possible that during the development 
progress, a few changes may occur aiming at the better performance of the product. 

 Communication problems: During the process, some communication issues may appear (e.g., 
miscommunications, wrong definitions, etc.) that need to be overcome. 

The acquisition of the required information is mandatory. Different methodologies have been developed, 
quoting and analysing some of the most productive and common ones below: 

 Interviews 

 Focus Groups 

 Surveys 

 Workshops 

 User Observations 

 Use Cases 

 Prototyping 

 Brainstorming 

 Interface Analysis 

 Document Analysis 
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4.2.1.1 Interviews 

Interviews are one of the most common and direct methodologies for gathering information. The project 
manager (interviewer) of a designing product has a personal communication with the potential user 
(interviewee). The interviews are useful for both the participants. On the one hand, the project manager can 
inform and explain directly to the user the features of the final product. On the other hand, the interviewee 
can better explain their needs and requirements21. As a result of this, the process is more fluid and effortless. 
The feedback received by the interviewee is useful at any stage of the products’ development, avoiding 
misconceptions22.      

Advantages: 

 The discussion with the stakeholders is interactive; 

 Immediate follow-up to ensure the interviewer’s understanding; 

 The process of building relationships through rapports with the stakeholders is encouraged. 

 
Disadvantages: 

 The quality of the process depends on the willingness of the participants and their interactions with 
the interviewer; 

 During the acquisition of the information, personal data may be collected, which can lead to ethical 
issues; 

 Time is required for the preparation of the questions that will facilitate the interview.  

 

4.2.1.2 Focus groups 

Focus groups are small groups of stakeholders formed based on their specific characteristics like 
demographics, their educational level etc. The main goals of these meetings are the exchange of experiences, 
opinions and views on specific topics.  

Every focus group has a standard structure consisting of the participants and the coordinator (moderator) of 
the group. The moderator has prepared a set of questions and discussing issues for the meeting in order to 
coordinate the conversation. The purpose of this action is to gather as much information as possible in order 
to establish the user’s requirements for the product/service23. 

The categories of the questions that act as a guidance for the discussion in focus groups are: 

 Introductory questions:  Focusing on making the participants more comfortable with the progress 
and getting to know each other; 

 Exploration questions: Focusing on the detailed analysis of a topic; 

 
21 Thompson K. (2016) Interviews in Social Research: Advantages and Disadvantages. Available at: 
https://revisesociology.com/2016/01/23/interviews-in-social-research-advantages-and-disadvantages/  [ Accessed : 05/04/2021] 
22 Software Testing Help (2022) Top 10 Most Common Requirements Elicitation Techniques. Available at: 
https://www.softwaretestinghelp.com/requirements-elicitation-techniques/  . [Accessed : 21/10/2022] 
23 Gibbs A. (1997) Focus Groups. Available at: https://openlab.citytech.cuny.edu/her-macdonaldsbs2000fall2015b/files/2011/06/Focus-
Groups_Anita-Gibbs.pdf  [Accessed: 21/10/2022] 
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 Concluding questions: Focusing on summing up the results of the discussion and covering possible 
gaps that may have occurred.  

The introductory questions play a key role in the results of the meeting. If the participants are comfortable 
during the process, they will share their stories and experiences easier. In this way, the coordinator will better 
understand their needs and requirements for the final product. Afterwards, they will proceed with the 
exploration questions in order to collect more detailed information24 . 

Advantages: 

 The process is inexpensive and requires a small number of participants; 

 The gathering of the information is completed in a single session compared to one-on-one interviews; 

 Active discussion with the participants creates a friendly environment among them, succeeding in 
better communication.      

 
Disadvantages: 

 The coordinator needs to be well – trained and experienced in order to communicate with all the 
participants and collect information from every single one of them;  

 Time for the organisation of the meeting is required in order for it to be flexible for all the 
participants. 

 

4.2.1.3 Surveys 

Surveys are one of the most effective approaches for acquiring information. Through questionnaires, which 
are suitably constructed by the project manager, the participants answer the questions in different ways, 
providing the project manager with essential information. In this way, the needs of the users can be 
estimated, the current practices, as well as people’s perception on new technologies. In contrast to 
interviews and focus groups, surveys aim to a wider range of participants, because they do not require face-
to-face interaction and can be conducted online22. 

In questionnaires there are two types of questions: 

 Open – Ended: The participant has the opportunity to answer in a personal way with their thoughts 
rather than choosing from predefined responds.  On the one hand, this process is useful, because it 
provides more information about the participant’s perspective in the project. However, it is time – 
consuming as the interpretation of the questions may be difficult. 

 Close – Ended: This questionnaire contains questions with more than two predefined answers, giving 
the opportunity to the participant to choose.  The format of the questions can be in the form of 
multiple choices or range from not important to very important.  

Advantages: 

 The data are received from a large audience; 

 Less time is required for the participants to answer; 

 
24 Rosanna L. Breen (2006) A Practical Guide to Focus-Group Research, Journal of Geography in Higher Education, 30:3, 463-475, doi: 
https://doi.org/10.1080/03098260600927575  



 D4.5 - Air quality forecasting and Geospatial Business Intelligence tool 

 

 

28 

 The answers are more accurate in contrast to interviews. 

 
Disadvantages: 

 If the format of the questionnaire is in the format of multiple answer choices, there is not enough 
space for the users to provide comments, insecurities or other doubts that may concern them. This 
missing information could be beneficial for the final project/product; 

 Open – Ended questions require more time to be analysed; 

 Follow up surveys might occur, depending on the participants’ answers;  

 The process depends on the stakeholders’ participation and willingness.  

 
Furthermore, the questions should be targeted and topic-related as well as the number of the participants 
should be high enough in order for the survey to provide valid results. For the above reasons, it is suggested 
that the conduct of surveys is accompanied by the implementation of other user requirements elicitation 
techniques.   

4.2.1.4 Workshops 

Workshops are events, which last a couple of days and where the participants interact and exchange views 
on a specific topic. Experts participate in workshops performing the theoretical background of a topic and 
the practice that will take place. In this way, the team after discussion with the participants, reaches to 
conclusions for the development of the project/product. Nowadays, more and more workshops are 
organised online, giving the opportunity to more people to participate who, in general, are really motivated 
and interested on the specific topic25,26. 

Advantages: 

 Longer duration than focus groups;  

 Higher number of participants than focus groups and concluding on more objective results. 

 

Disadvantages: 

 The process is time-consuming; 

 Organised preparation is required. Moreover, a higher number of participants than the estimated 
one cannot provide enough time in order to cover all the interested topics during the workshop; 

 It relies on the participants’ engagement and commitment to the workshop; 

 In the case of online workshops, if the majority of the participants are not familiar with the online 
platform, they will not be comfortable when using it. In this way, like in the case of focus groups, they 
probably will not engage enough. Consequently, they will not present their needs and requirements 
and the process will have the reverse results. 

 
25 Koksal I., The Rise of Online Learning, Forbes, 2020, Available at: https://www.forbes.com/sites/ilkerkoksal/2020/05/02/the-rise-of-online-
learning/?sh=2894516d72f3  
26 Swain Chemistry and Chemical Engineering Library, Stanford University, Workshops: Advantages, Disadvantages and Considerations, 1998. 
Available at: https://web.stanford.edu/group/swain/cinf/workshop98mar/wrkshpadvdis.html  
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4.2.1.5 User Observations  

In case that users do not have a total picture of their requirements and cannot explain them, the observation 
of the user is suggested. By observing the user’s environment, the project manager can collect important 
information such as the user’s interaction with the project/program. There are two types of observation22: 

 Active Observation: The project manager asks direct questions to the stakeholder;  

 Passive Observation: The project manager silently notices how the stakeholder work, attempting to 
understand their needs. 

 

Advantages: 

 Since the project manager gathers information in real-time, they have a more complete view of the 
total needs of the users; 

 Gaps existing about the user’s needs are easily noticed. 

 

Disadvantages: 

 The process can be less productive as the expected observations can be insufficient. The reason for 
this is that the time in which the project manager interacts with the users may not be adequate, 
resulting in missing information;  

 The user will probably not feel comfortable being watched. In this way, they will react differently 
than normal; 

 This process may be subjective as it involves observations made by an individual person; 

 Knowledge-based activities cannot be observed. 

 

4.2.1.6 Use Cases 

For projects that contain software development, one of the most appropriate methods for collecting 
information is the use case technique. Use case describes a set of potential interactions among an individual 
(actor) and a system. It contains a set of scenarios, with multiple steps, aiming to help the stakeholders better 
understand how to interact with the given system and how the system will respond to their actions. In this 
way, the users will provide better information concerning their needs and requirements20.  

 

Advantages: 

 The information is written in a simple language with absence of the terminology which are difficult 
to be understood by the general public. In this way, they are easy to be understood; 

 It is possible to simplify a complicated system, making it easy for potential users to recognise their 
necessities. 

 
Disadvantages: 
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 Simplifying a detailed system is a time-consuming process. Moreover, the translation of all the 
technical terminology to a simple common language may be a challenging procedure; 

 According to the term, the interaction of one or more actors with the system is mandatory. However, 
a percentage of the system may not include functionalities which involve an actor’s input. 

 

4.2.1.7 Prototyping 

This technique is used to identify missing requirements. In this technique, frequent demos of the project are 
given to the user in order for them to have an idea of the final product, describing the process through 
diagrams22. 

 

Advantages:  

 The prototypes give a visual representation of the product/project, boosting the user’s participation 
in the process; 

 Users can provide impact at an early stage of the development. 

 

Disadvantages: 

 If the system is complex, the prototyping process may be time-consuming; 

 Users maybe concentrate on design details rather than the requirements that may be missing. 

 

4.2.1.8 Brainstorming 

This technique is a type of a round table discussion between domain experts (at least 6-8 members). All the 
participants have an equal amount of time to express their ideas, providing multiple information. The 
conversation is focusing mainly on the expectation, the risk factors and available options for the system. In 
order for the meeting to be successful, the coordinators should take into consideration the time that will be 
available for every session, the expectations and the desired final list of ideas22. 

 

Advantages: 

 Creative thinking and solutions are emerged, through discussion and exchanging views;  

 Plenty of ideas are provided in a short amount of time; 

 Equal participation is promoted, as it requires from all the participants to be interactive. 

 
Disadvantages: 

 Participants can be involved in debating ideas, which consumes time from the main final target, 
which is the selection of requirements; 

 There can be multiple duplicate ideas; 

 These meetings are not easily accessible for users without or with low expertise in a selected topic.  
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4.2.1.9 Interface Analysis 

Interface analysis is a review of the system, people and the including processes. This analysis is used to 
identify how the information is exchanged between the system’s components. In this way, the analysts can 
identify potential requirements, uncover limitations and determine interoperability issues between 
hardware and systems. During the interface analysis, the users of the interface need to be established, along 
with the exchanged data, how the interface will be implemented and the reasons that this analysis is needed.  
The above process is described in the figure below (Figure 5)22. 

 
Figure 5: An Interface described as a connection between two components20. 

Advantages: 

 The missed requirements are provided, especially ones related with technical parts; 

 The regulations or interface standards are determined; 

  Issues, which could be of risk for the project, are uncovered. 

 

Disadvantages: 

 The analysis is difficult if internal components are not available; 

 It cannot be used as a standalone elicitation activity; 

 They are not easily accessible for users without or with a low technical background.  

 

4.2.1.10 Document Analysis 

Another elicitation process is the document analysis. According to this, analysts review existing 
documentation from previous plans, system specification, manuals, customer’s comments and meetings 
proceedings in order to extract information and predict the requirements of the current users. Chronically, 
it is performed before the process of the interviews or before scheduling more in-depth requirements 
elicitation sessions22. 

 

Advantages: 

 Existing documents can be used to compare current and future processes; 

 Existing documents can be used as a base for future analysis. 
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Disadvantages: 

 Existing documents might not be updated; 

 Resources worked on the existing documents might not be available to provide information; 

 This process is time-consuming; 

 The final users are not involved in the elicitation requirements process. 

 

From the above, it is clear that some approaches are more useful than others, depending on the topic. Some 
of them can be used alone (e.g., workshops, focus groups), while others operate as supporting ones (e.g., 
document analysis, interface analysis). Taking into consideration the benefits and the drawbacks of the above 
approaches, the available time and the desired results, the project manager chooses the most suitable 
method(s) for their case. 

 

4.2.2 Elicitation of the CALLISTO air quality services user requirements 

The acquisition of the most important user requirements for the GeoBI tool constituted a priority for DRAXIS 
from the beginning of the project. In order for the elicitation process of the user requirements to be effective, 
DRAXIS used the approach of workshops and online meetings with DW, who is the pilot user of the GeoBI 
tool. More specifically, DRAXIS and DW organised dedicated workshops and frequent online meetings from 
the early stages of the project in order to collect the users’ needs and requirements for the tool.  

DW, who apart from being a pilot user, is also leading WP2 – Use case design and user requirements, acquired 
the users’ requirements for all the PUCs of the project by organising dedicated workshops.  The workshops 
aimed to identify the user requirements and future needs for all the services of the project that will be pilot 
tested in the CALLISTO PUCs.  

With frequent workshops from the early stages of the project, all technical and pilot partners had the 
opportunity to work together to elicit a number of requirements. 

Although a lot of information was gathered from these workshops, some additional specifications were 
needed for each project key result and PUC. Thus, DW also carried out dedicated online calls with the 
partners participating in the different PUCs. In the case of PUC3, DRAXIS and DW met frequently to discuss 
in detail the user and technical requirements concerning the air quality services of CALLISTO, i.e. the air 
quality forecasting model and the GeoBI tool.  

These frequent calls allowed DRAXIS to continuously adapt to the requirements and questions of DW that 
emerged through the designing of the tool, giving immediate solutions. Although interviews and focus groups 
have the advantage of direct interaction between the interviewer and the interviewee, the approach that 
was followed in CALLISTO was more straightforward when technical issues or issues related with the user’s 
requirements emerged. Because the calls were online, the process was less time and cost-consuming. 
Moreover, due to the COVID-19 pandemic, this above approach was deemed as the most suitable one. 

Taking into consideration that the CALLISTO project was initiated during the pandemic and the fact that it 
was essential for actual users of project’s key results to participate in the process of the user requirements 
elicitation, the above approaches were deemed as the most appropriate ones for the requirements elicitation 
process.  
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4.3 User requirements analysis 
Through the above user requirements elicitation techniques, the user requirements that are presented in 
this section were collected. These requirements were categorised into generic (G) and specific (S) and are 
related to both the 1st prototype of the tool and the following versions (2nd prototype, final system). In the 
process of improving the GeoBI tool, it is possible that some requirements will be discarded or altered. 

4.3.1 General requirements 

The general user requirements that were gathered for the GeoBI tool from the early stages of CALLISTO are 
presented below. The collected requirements concern all the versions of the tool, i.e., the 1st prototype as 
well as the consecutive versions (2nd prototype, final system).  

Table 2: General user's requirements related to the GeoBI tool. 

User Requirement Description 

G-21 Temporal query 

The User must be able to define temporal parameters: 

● Frequency; 
● dates / periods of time. 

G-28 Dashboard 

The User should be able to view results represented in a dashboard 
that includes different representation requirements (e.g., tables, 
graphs, maps, values, social media/web info). The dashboard should be 
designed in a user-friendly way. 

G-29 Thematic map 
The User should be able to find a representation of results in a thematic 
map with colour scheme. 

G-30 Thematic map based on 
time 

The User should be able to find a representation of results in a time 
varying thematic map (for selected time period). 

G-31 Tables based on time 
The User should be able to find a representation of results in tables 
with selected time series. 

G-32 Graph based on time 
The User should be able to find a representation of results as graph(s) 
for selected time series. 

G-34 User experience 
The User should expect visualisation of images and alerts (including the 
pan, zoom in/out functions) to be seamless and quick, avoiding delays 
and visual artefacts (e.g., white background flashes, image delays etc.) 
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4.3.2 Specific requirements 

Apart from the general requirements, the table below presents the PUC specific (S) requirements that were 
collected. Similar to the general requirements, these are gathered from the early stages of the project and 
concern all the versions of the tool.      

Table 3: Specific user's requirements related to the GeoBI tool. 

User Requirement Description 

S3-1 Exploration of density data 
in context of air quality data 

The User must be able to analyse historical data and trends to identify 
potential correlations of population and density with air quality. 

S3-2 Daily mean concentration 
pollutants 

The User should find information on estimated daily mean 
concentrations of the pollutants PM10, PM2.5, SO2, NO2, NO, O3. 

S3-3 Point data for air quality 
data 

The User should be able to view existing point data for air quality data 
for different latitudes/longitudes in Europe. 

S3-4 Maps of air quality data 
The User should be able to explore a continuous coloured map for air 
quality data in Europe. 

S3-6 Fusing data 
The User must be able to fuse air quality data from various sources for 
the same Area of Interest through multiple visualisation elements. 

S3-8 Interpretation / guidelines 
The User should expect an interpretation support that helps to 
interpret the performed analysis. 
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5 Air quality forecasting model using Artificial Intelligence 
techniques 

Air quality forecasting relies on air quality modelling in order to predict both small- and large-scale air  
pollution events and their effects. Nowadays, these air quality models are trained from historical weather 
and air quality – related data from different sources by using ΑΙ techniques, like Deep Learning (DL) and ML, 
which consequently improves the models’ accuracy (Section 2.2).  

The reasons behind choosing ΑΙ-based models for air quality forecasting are their capability to handle the 
more complex and non – linear relationships that exist between the components of the atmosphere, 
providing better air pollution forecasts, as well as their capability to track real – time concentrations of air 
pollutants and identify hot spots of pollution. In addition, by using such models, the computation time and 
cost can be reduced.  

In the framework of the CALLISTO project, the air quality forecasting model used a Long short-term memory 
(LSTM) network, an ANN used in the fields of DL. It was chosen as it is able to utilise data from various sources 
as well as adapt to specific air pollutants. . The model takes into consideration the concentrations of six 
primary pollutants (NO, NO2, O3, SO2, PM2.5 and PM10) which have a significant impact on the environment 
and the health of the general public. However, additional air pollutants can be easily integrated in the model 
at any moment. For each of the selected air pollutants, an individual artificial network workflow has been 
designed. All the neural network workflows have a similar structure, which includes the analysis of 7 historical 
daily values from 6 features and then the prediction of the values for the following 2 days. These features 
are: wind direction, wind angle, total precipitation, temperature, solar radiation and the air pollutant of 
interest. The data for each air pollutant come from a variety of sources, such as in - situ measurements, EO 
data,  ground monitoring stations, low – cost sensors across Europe, Copernicus Atmosphere Monitoring 
Service (CAMS) emissions, Copernicus Climate Change Service emissions (C3S), etc. In addition, the 
information related to the meteorological conditions derive from the Weather Research and Forecasting 
(WRF) model, which generates numerical weather predictions.   

Although the architecture of the workflows of each air pollutant is similar, including LSTM and Dense Layers, 
there are some differences between them depending on the air pollutant. For each of the mentioned air 
pollutants, a different LSTM NN workflow has been designed. Each LSTM receives as input array with the 
shape: 

[samples, timesteps, features], which in this case is [samples, 7, 6] 

In the following figures the model architecture for each pollutant is presented, also depicting the number of 
units that were used and the activation function. For instance, the output layers contain 2 units, because 2 
values have been predicted, i.e., +1 day and +2 days forecast. The architecture of each pollutant model 
differs, because it adapts to one specific pollutant. The observed differences are due to the type of pollutant, 
its source and release in the atmosphere and its interactions with other pollutants. 

 

 
Figure 6: General architecture of the 'NO' Deep Long-Short Memory Network model. 
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Figure 7:  General architecture of the 'NO2' Deep Long-Short Memory Network model. 

 

 
Figure 8: General architecture of the 'O3' Deep Long-Short Memory Network model. 

 

 
Figure 9: General architecture of the 'PM2.5' Deep Long-Short Memory Network model. 

 
Figure 10: General architecture of the 'PM10' Deep Long-Short Memory Network model. 

 

 
Figure 11: General architecture of the 'SO2’ Deep Long-Short Memory Network model. 

 

The production of the 2-day forecasts is in the form of point data and heat maps. The predictions currently 
have a spatial resolution of 10km and a temporal resolution of 6h, with the target for the next versions of 
the model being 6km and 3h, respectively. The optimal hyperparameters were defined with the help of keras 
tuner (plus manual exploration) and the model was trained with data from 2017 to 2021.  

As mentioned in a previous section, the outputs of the CALLISTO air quality forecasting model will be provided 
through the GeoBI tool. 

Table 4 presents the metrics that are used for the model and their values for the 1st prototype. The pollutants’ 
metrics are different among them and they can be indicators of the pollutant’s presence in the air. For 
example, O3, NO2 and NO have higher R squared score (closer to 1). This means that the prediction for these 
pollutants is more accurate. The reason is that these pollutants are constantly released to the atmosphere 
(through vehicles etc.). As a result, their monitoring is continuous and accurate and so their predictions. 
While, PMs and SO2 are releasing after an incident (e.g. fire, a local building/industry construction), without 
following a releasing pattern. Thus, their monitoring is not continuous. In this way, their predictions are not 
accurate (R squared score closer to 0) and their explained variance score is lower.  
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Table 4: Current metrics of the CALLISTO air quality forecasting model. 

Metrics O3 SO2 PM10 PM2.5 NO2 NO 

Explained 
variance score 

0.867 0.125 0.389 0.517 0.630 0.564 

Mean 
absolute error 
(MAE) 

7.59 3.46 3.596 2.251 2.725 2.488 

Root Mean 
Square Error 
(RMSE) 

9.306 5.252 4.821 3.154 3.496 4.253 

Coefficient of 
determination 
(R2) 

0.815 0.105 0.341 0.42 0.617 0.563 

 

The CALLISTO air quality forecasting model, presented in this section, uses a method based on ANNs in order 
to predict future air quality conditions with high spatial and temporal resolution. In this way, the credibility 
of air quality forecasts is increased. Moreover, the model contributes to the better monitoring of air quality 
in urban areas, by enabling policy-makers access to more credible information. Finally, this model, with the 
right modifications, can also be used for the forecasting of other significant environmental conditions, such 
as thermal comfort conditions and the probability of forest fires.  
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6 Geospatial Business Intelligence tool 
In order for journalists to identify air quality events easier and improve their story-telling, CALLISTO has 
introduced the GeoBI tool. This tool not only offers different visualisations of air quality data, making them 
more comprehensible, but also offers information about other parameters that have an impact on air quality. 
The GeoBI tool utilises data from different sources like ground-based monitoring stations, low –cost sensors, 
satellites, social media, etc., giving as output various visual elements (e.g., figures, maps, etc.) concerning 
historical, real – time and forecasting air quality data. Moreover, it takes into account the concentrations of 
the existing air pollutants to provide a characterisation of the AQI in a selected area. Furthermore, data 
sources on environmental and socio - economic factors (e.g., roadworks data) are explored. 

The GeoBI tool is based on Kibana and Elasticsearch and focuses on 3 pilot scenarios designed by DRAXIS (the 
technology provider) and DW (the pilot partner) from the early stages of the project. 

This section provides all the information related to the 1st prototype of the GeoBI tool that was delivered on 
October ’22. More specifically, the pilot scenarios that were determined by DRAXIS and DW are presented, 
as well as the data sources and the manual of the tool. 

6.1 Kibana 
As mentioned above, the GeoBI tool is based on Kibana and the Elasticsearch. Elasticsearch is an open - 
source, analytics engine for various categories of data such as textual, numerical, geospatial, structured and 
unstructured. Kibana is the visualisation plugin for Elasticsearch, which is also free and open source. Kibana 
enables the visualisation on top of the content indexed on Elasticsearch. It provides a friendly to use 
interface, giving access to users to query and filter data in Elasticsearch indexes. The users have the capability 
to construct and edit visualisation shapes and diagrams like bars, lines, scatter plots, pie charts, maps or even 
conduct time-series analysis. Moreover, they can combine them onto a single base with a custom dashboard 
formation. Kibana dashboards are easily created with the use of a web browser, which most of the times is a 
sufficient tool for the creation of a fully – featured, instructive and automatic surface.  

6.1.1 Limitations 

Because of Kibana’s design there are some restrictions related to the features of the GeoBI tool. It should be 
mentioned that KIBANA is a tool with predefined functionalities, allowing the visualisation of multiple data 
in an interface, simultaneously. Kibana has not the ability to provide alerts in cases of abnormalities of the 
studied parameters. Although this capability is not available on the GeoBI tool, the CALLISTO platform will 
inform the users of the concentrations of the air pollutants which rise above the established health limits. 
More information regarding the Kibana can be found here. 

 

6.2 Pilot scenarios 
The GeoBI tool focuses on three main pilot scenarios. 

1. Air Quality Measurements in Berlin and Hamburg, Germany 
This scenario focuses on the A10-A24 highway between Berlin to Hamburg. This highway is characterised by 
the regular roadworks occurring there, which was the main reason why it was selected for this study. The 
objectives of the scenario are to:  

 Check differences in the air quality conditions against the early lockdown period of March-July 2020; 
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 Monitor the daily air pollution patterns in neighbouring areas; 

 Correlate the possible increase in air pollution due to the roadworks; 

 Identify the areas of the highway, which are correlated with increased air pollution. 

      

 
Figure 12: Highway connecting Berlin to Hamburg. 

 

In the framework of this case scenario, the 1st prototype of the GeoBI tool supplies visualisations of air quality 
data and data related to roadworks taking place in the areas of Hamburg and Berlin (Figure 12). In addition, 
the tool provides historical maps and graphs, near real-time measurements and forecasts for the upcoming 
couple of days. 

 
Figure 13: Focus areas of the GeoBI tool for the 1st scenario. 
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2. Air Quality and Forest Fire Events 

The second scenario involves the Brandenburg forest located in Germany, which due to its geomorphological 
landscape (sandy soils, high coverage of pine trees),  is considered  favourable for fire initiation. In this forest, 
significant fire events were recorded in 2018 caused by a period of prolonged drought. 

The objective of this scenario is to: 

 Examine the air quality data following a fire.      

The main goal of the GeoBI tool is to depict air quality data in the area of the Brandenburg forest for the year 
2018 (Figure 14). Furthermore, it visualises information related to the forest fires that took place during that 
year in this specific area (Section 6.4).  

 

 
Figure 14: Focus area of the GeoBI tool for the 2nd scenario. 

 

3. Air Quality Measurements in Warsaw, Poland 

The last scenario focuses on the air quality conditions in the outskirts of Warsaw and the fact that the local 
municipality placed stations for measuring air pollutants in the forest, instead of the city.  

The objective of this scenario is to:      

 Facilitate the inspection of the data from these governmental air quality monitoring stations and 
compare them with other available data. This is considered to help journalists improve their story-
telling regarding the conditions of the area. 

In order to achieve this, the GeoBI tool visualises the air quality measurements from the available official air 
quality monitoring stations in the outskirts of Warsaw. Journalists can then compare them with other data 
from different sources and produce credible news related to environmental issues.  
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Figure 15: Focus area of the GeoBI tool for the 3rd scenario. 

 

6.3 Data sources for the GeoBI tool 
The GeoBI tool takes into consideration data from various sources in order to provide the necessary data 
analysis and visualisations which will be assessed in the context of PUC3. Each of these sources provides its 
own interface for the provision of its data, and thus connectors have been developed in CALLISTO for the 
facilitation of this process. Each source also utilises its own data scheme and format, and Elasticsearch, on 
top of which Kibana is set up, provides its own unique mechanism for data ingestion and storage.  

As such, most of the data cannot be used in an “as-is” manner, and have to be “translated” between source 
and destination. For this reason, the data retrieval process is followed by a transformation step, which 
“normalises” the data and prepares them for insertion into the Elasticsearch database.  

After being ingested, the data indexes can then be used to create visualisations that support a variety of 
needs and data analysis applications. The use of different datasets enables the GeoBI tool to supply the user 
with different visualisations for each scenario. This data emerged from various sources like official ground 
monitoring air quality monitoring stations, low-cost sensors, satellites etc. 

 

6.3.1 Data sources 

The following data sources are leveraged to retrieve the information needed for creating the visualisations 
in the GeoBI tool: 

● OpenAQ (https://openaq.org): OpenAQ is an organisation dedicated to raising awareness and 
providing information on the atmospheric conditions and air quality in a multitude of locations. It 
gathers data from official stations situated around the world, stores them, and provides them by way 
of an easy to use application programming interface (API). In the context of the CALLISTO project, 
the API provides historical and current data. Current data are fetched on a daily basis and stored in 
the Elasticsearch database. After being inserted in the database, the visualisations are updated to 
include the new information. More specifically, this source provides the following data: 

 Historical data for the area of Berlin and Hamburg since 2019; 
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 Current data for the area of Berlin and Hamburg; 

 Historical data for the outskirts of Warsaw since 2019; 

 Current data for the outskirts of Warsaw.    

The above data sources were the main sources for scenarios I and III, because they provided them with data 
from official air quality monitoring stations for the areas of Berlin, Hamburg and Warsaw. 

● Luftdaten ( https://aqicn.org/station/network/luftdaten): Luftdaten provides a unified platform for 
users who wish to connect their own sensors to a global information network and provide their 
measurements to the rest of the world. Both commercial, as well as do-it-yourself (DIY) sensors are 
supported, as long as the device sends its payload in the format dictated by Luftdaten. Since these 
low-cost sensors are simple devices without the sophisticated (and expensive) equipment found in 
official stations (see above), the measurements are not as accurate as the ones from OpenAQ. From 
this data source, historical data is retrieved for the area at the outskirts of Berlin, for the year of 2018. 
These data were supplementary, and relying on them in combination with OpenAQ data sources, the 
suitable models for scenarios I and II were developed.  
 

● Die Autobahn events API (https://autobahn.api.bund.dev): The German Autobahn website exposes 
a comprehensive API that provides information on events along its length. This API can then be 
leveraged to obtain information about when something happened in the Autobahn, and can be 
correlated with other data to discover potential causes for this event. Specific roads are being 
monitored for events, and any current event that happens is stored in the Elasticsearch database for 
cross-reference with other data. These real –time records were a key component for the objectives 
of scenario I, as they are mentioned in Section 6.2. 

● CALLISTO’s air quality forecasting model: The air quality forecast model that was developed by 
DRAXIS correlates past atmospheric conditions with weather data and provides a forecast of the air 
quality for the next two days. More specifically, the model is a ML module built on an LSTM, which is 
a type of neural network. To provide forecasts in a specific location, it takes the concentrations of 
pollutants from the past 7 days, as well as the weather conditions in that place for the same interval. 
Its output consists of the projected air pollutant concentrations two days forward. The model has 
been trained and validated with past data. The model provides the two forecasts (first and second 
day) once per day, for the area of Berlin and Hamburg. The data is refreshed each day, so no historical 
data is being maintained. This model allows the correlation of the possible increase in air pollution 
and the roadworks, which is one of the objectives of scenario I.  

● CAMS (https://atmosphere.copernicus.eu): CAMS is a well-known source of various data around 
different environmental axes, supported by the Copernicus Programme. The CAMS ADS (Atmosphere 
Data Store) provides a wealth of information through an API that is intuitive and easy to use. 
Information includes, but is not limited to, emission, radiative forcing, solar radiation, global 
atmospheric forecasts, etc. More specifically, the retrieved data are: 

 Ongoing forecasts for the area of Berlin and Hamburg. These forecasts are retrieved as 
WMS layers directly from CAMS. No historical data is available, since the forecasts are 
refreshed every day 

 Historical data from the year of 2019 onwards. This information is retrieved for specific 
points in the outskirts of Berlin, and is stored as numeric information (i.e., not as a map 
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layer). The data are refreshed and the daily measurements are added to the existing 
dataset. These data are one of the main data sources for scenarios I and II. 

● European Fire Database (EFFIS) (https://effis.jrc.ec.europa.eu/about-effis/technical-
background/european-fire-database): EFFIS maintains records of fires that occurred in the area of 
Europe, along with a host of supporting information, such as duration. The EFFIS database does not 
expose an API, but requires users to request specific data that are then being sent out via email. The 
data are provided as a shapefile, which can then be consumed by any geospatial software. The 
dataset used concerns the time period of the entirety of 2018, in the country of Germany. The 
historical data are not refreshed. As these data are related with fire events across Europe, they were 
really useful for scenario II. 

 

6.3.2 Data retrieval 

The following data is retrieved via the APIs exposed by each organisation. The data is provided in the JSON 
format. Each organisation follows its own data schema structure: 

 OpenAQ data for official air quality monitoring stations; 

 Luftdaten data for low-cost air quality sensors; 

 Die Autobahn events API for road work events along specific roads; 

 Air quality forecasting model for two-day daily forecast. 

The following data is provided as geospatial layers and is ingested as-is, without any need for data 
manipulation: 

 CAMS (partially) for 2-day forecasts across the area of Berlin and Hamburg; 

 EFFIS forest fire data, showing areas that fires have broken out. 

Additionally, for obtaining information from CAMS for specific points in the area of Berlin and Hamburg, the 
geospatial GRIdded Binary (GRIB) files are obtained from CAMS, converted to NETCDF (Network Common 
Data Form) files, and stored in an intermediate PostGIS database, from where the final values are extracted 
by way of a geospatial query. 

The air quality forecasting model prepares a JavaScript Object Notation (JSON) payload containing the results 
of the ML/DL model’s calculations and sends it to the ingestion script. 

 

6.3.3 Data processing 

After obtaining the data, further processing is necessary for most sources, in order to bring the information 
in line with the indexed structure of Elasticsearch. 

More specifically, Elasticsearch makes heavy use of indexes, which allow for quick and efficient processing 
and retrieval of data stored within the structure, and does not support bulk insertion of a single JSON file 
containing multiple objects inside it.  

For inserting the data into Elasticsearch, each single object instance must be converted to a single row, and 
each row must be assigned a unique index value. The example below illustrates this, by showing a 
hypothetical JSON file, as well as the final format which can be used for ingestion: 
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{  
  [  
    { 
      “lat”: 40.13583, 
      “lng”: 23.38578, 
      “name”: “Test name 1”, 
      “pollutant”: “PM10”, 
      “value”: 10.94, 
      “datetime”: “2022-10-24 00:00:00” 
    }, 
    { 
      “lat”: 40.13583, 
      “lng”: 23.38578, 
      “name”: “Test name 1”, 
      “pollutant”: “PM10”, 
      “value”: 10.94, 
      “datetime”: “2022-10-24 00:00:00” 
    }, 
    { 
      “lat”: 40.13583, 
      “lng”: 23.38578, 
      “name”: “Test name 1”, 
      “pollutant”: “PM10”, 
      “value”: 10.94, 
      “datetime”: “2022-10-24 00:00:00” 
    }, 
    ... 
  ] 
} 

{ "index": { "_index" : "test_index", "_id" : 1 } } 
{ “lat”: 40.13583,“lng”: 23.38578,“name”: 
“Test name 1”,“pollutant”: “PM10”,“value”: 
10.94,“datetime”: “2022-10-24 00:00:00” } 
{ "index": { "_index" : "test_index", "_id" : 2 } } 
{ “lat”: 40.13583,“lng”: 23.38578,“name”: 
“Test name 1”,“pollutant”: “PM10”,“value”: 
10.94,“datetime”: “2022-10-24 00:00:00” } 
{ "index": { "_index" : "test_index", "_id" : 3} } 
{ “lat”: 40.13583,“lng”: 23.38578,“name”: 
“Test name 1”,“pollutant”: “PM10”,“value”: 
10.94,“datetime”: “2022-10-24 00:00:00” } 

As it can be seen from the above example, each JSON data source needs to be altered so that the Elasticsearch 
index structure can accommodate it. Each row obtains a unique index (ID) and is inserted into the provided 
index (text_index in the example). Each obtained dataset has its own index, which defines the type of the 
fields (Section 6.3.4). 

This is not the case for the geospatial layers (WMS, shapefiles), which Elasticsearch is equipped to handle as 
they are, so no further data manipulation is needed. 

 

6.3.4 Indexes and data types 

The specific IDs and data types for each index can be found in the following table: 

Table 5: Indexes and data types. 

Dataset Index name Fields and data types 

Autobahn roadworks autobahn_roadworks 

id: int 
roadId: int 
location: (double, double) 
title: string 
subtitle: string 
description: string 
future: string 
isBlocked: boolean 
displayType: int 
startedAt: datetime 
endedAt: datetime 
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CAMS historical 
measurements for Germany cams_germany_measurements 

measuredAt: datetime 
stationCountry: string 
stationCity: string 
enviIndexId: int 
enviIndex: string 
location: (double, double) 
parameter: string 
value: double 

CAMS current 
measurements for Germany cams_germany_measurements 

measuredAt: datetime 
stationCountry: string 
stationCity: string 
enviIndexId: int 
enviIndex: string 
location: (double, double) 
parameter: string 
value: double 

AQHub ML model forecasts ml_germany_forecasts_24h, 
ml_germany_forecasts_48h 

measuredAt: datetime 
stationCountry: string 
stationCity: string 
enviIndexId: int 
enviIndex: string 
location: (double, double) 
parameter: string 
value: double 

Luftdaten historical low-cost 
sensor measurements luftdaten_germany_measurements 

measuredAt: datetime 
stationCountry: string 
stationCity: string 
enviIndexId: int 
enviIndex: string 
location: (double, double) 
parameter: string 
value: double 

OpenAQ historical 
measurements for Germany openaq_germany_measurements 

measuredAt: datetime 
stationCountry: string 
stationCity: string 
stationName: string 
enviIndexId: int 
enviIndex: string 
location: (double, double) 
parameter: string 
value: double 

OpenAQ historical 
measurements for Poland openaq_poland_measurements 

measuredAt: datetime 
stationCountry: string 
stationCity: string 
stationName: string 
enviIndexId: int 
enviIndex: string 
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location: (double, double) 
parameter: string 
value: double 

OpenAQ current 
measurements for Germany openaq_germany_measurements 

measuredAt: datetime 
stationCountry: string 
stationCity: string 
stationName: string 
enviIndexId: int 
enviIndex: string 
location: (double, double) 
parameter: string 
value: double 

OpenAQ current 
measurements for Poland openaq_poland_measurements 

measuredAt: datetime 
stationCountry: string 
stationCity: string 
stationName: string 
enviIndexId: int 
enviIndex: string 
location: (double, double) 
parameter: string 
value: double 

 

6.4 Manual 
In this section of the document, the manual of the 1st prototype of the GeoBI tool is presented. The pilot 
users of the tool are journalists of DW (herein in this section ‘user’). As mentioned before, the tool is based 
on KIBANA. A ‘basic’ user can interact with the visualisation elements designed by DRAXIS, while a more 
‘advanced’ user can use additional functionalities in the already existing datasets provided by KIBANA. 
Navigation guidelines concerning the use of the tool are provided below in the form of figures and text, 
aiming to better explain the 1st prototype of the GeoBI tool to the users. 

In order to access the GeoBI tool, the user needs to register and then login to the tool using their personal 
identification credentials (username, password). 
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Figure 16: Home page of the GeoBI tool. 

 

By choosing “Dashboard” the dashboards of the three pilot scenarios are displayed, along with a short 
description for each one, and the user can then select which one they wish to access. 

 
Figure 17: The scenarios of the GeoBI tool. 

 

Scenario I: Air Quality Measurements in Berlin and Hamburg, Germany 

The following figures display the dashboard of Scenario I. The user has the chance to use multiple time and 
space related filters, in order to have access to their desired air – quality related information. The selection 
of a specific date and not a period time is highly recommended in order to maximise the credibility of the 
tool’s results. 

Figure 18 depicts a map with data on the air quality conditions of Berlin and Hamburg. Moreover, it provides 
supplementary information according to the roadworks events occurred in these areas in the selected 
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date(s). These events are illustrated with orange dots. The air quality data derived from the air quality 
monitoring stations are ranged as different colour dots using the following scale:  

● Very good air quality → Green 
● Good air quality → Blue 
● Medium air quality → Yellow 
● Bad air quality → Red 

 
The graphs in the right side of the page present the values of the AQI for the previous day. 

 
Figure 18: Scenario I - Most recent measurements and AQI. 

 

By clicking on the air quality - related dots, a pop-up window appears on screen displaying all the information 
concerning the selected station, i.e., its location, official name, AQI and measurements (Figure 19). 
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Figure 19: Scenario I - Air quality stations. 

 

The user can also click on an orange dot, which represents a roadwork event, and a pop-up window with 
information about the selected event will appear on screen (Figure 20). 

 
Figure 20:  Scenario I - Roadwork events. 

 

Scenario I also includes two maps showcasing forecasts of the air quality conditions for the following 2 days. 
On these maps, 2 options are given to the user: 

1) They can choose to see the forecasted AQI at the locations of the official monitoring stations (dots) ; 
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2) They can select a specific air pollutant from the filter available on the top right of the map and see a 
heatmap concerning the forecasted concentrations of this pollutant. 
 

 
Figure 21: Scenario I - Air quality forecasts. 

 
Figure 22: Air pollutant layer forecasts. 
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In addition, the user can also have a historic overview of the air quality data for the previous month (Figure 
23). 

 
Figure 23: Scenario I - Air quality historic overview. 

On the top of some graphs and maps, a different date from the user’s selected one may be presented. In 
these cases, air quality data are depicted for predefined dates which cannot be changed by the user (Figure 
24). 

 
Figure 24: Scenario I – Graphs with predefined dates. 
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Scenario II: Air Quality and Forest Fire Events 

Figures 25 - 28 display the dashboard of Scenario II of the GeoBI tool. Τhe user can use the filter that defines 
the dates for which they want to access information on air quality and forest fires. As mentioned above, the 
selection of a specific date is advised over a period of time, in order to increase the credibility of the data. It 
is important to note that this scenario focuses on the year 2018, and therefore, the date the user selects 
must be between January 1st 2018 – December 31st 2018. Otherwise, no information will appear on screen.  

Figure 25 displays a map with information on the air quality conditions at the Brandenburg forest located in 
Germany, as well as information on the forest fire events taking place in this area. Forest fire events are 
displayed in various shapes with a dark green colour, while the measurements deriving from low-cost air 
quality sensors are depicted as dots coloured using the following scale:  

● Very good air quality → Green 
● Good air quality → Blue 
● Medium air quality → Yellow 
● Bad air quality → Red 

 

In addition, there may appear some dots without a colour; these constitute low-cost sensors that measure 
other environmental parameters, such as relative humidity and temperature. 

The numbers on the air quality dots do not have any scientific significance; they represent the number of 
measurements collected by the low-cost sensors.  

 

 
Figure 25: Scenario II - Air quality and forest fires map. 

 

By clicking on the dots representing the low-cost sensors, a pop-up window appears displaying information 
concerning the respective station, i.e., its location, official name and measurements (Figure 26 and Figure 
27). 
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Figure 26:  Scenario II - Low-cost air quality sensors. 

 

 
Figure 27: Scenario II - Low-cost environmental sensors. 

 

The user can also click on the dark green shapes representing the forest fire events and a pop-up window 
with information concerning the respective events will appear on screen (Figure 28). 
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Figure 28:Scenario II - Forest fire events information. 

 

Scenario III: Air Quality Measurements in Warsaw, Poland 

The dashboard of Scenario III of the GeoBI tool is displayed on Figures 29 -30. Most specifically, the user can 
select the dates for which they wish to access information on air quality in the outskirts of Warsaw. In order 
to maximise the credibility of the tool’s results regarding air quality, the user is advised to select a specific 
date and not a period of time. Figure 29 displays a map with information on the air quality conditions in the 
outskirts of Warsaw. The measurements of the official air quality monitoring stations are depicted as 
coloured dots using the following scale:  

● Very good air quality → Green 
● Good air quality → Blue 
● Medium air quality → Yellow 
● Bad air quality → Red 
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Figure 29: Scenario III - Air quality measurements in Warsaw. 

By clicking on the dots representing the official air quality monitoring stations, a pop-up window appears 
displaying information concerning the respective station, i.e., its location, official name, AQI and 
measurements (Figure 30). 

 
Figure 30:  Scenario III - Air quality stations. 
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7 Ethical issues 
This section provides the ethical framework of the air quality forecasting model and the GeoBI tool, 
presenting the concern the potential end-users that may arise regarding the use of their personal data when 
using CALLISTO’s air quality services. As the model does not handle any personal data, the following 
information concerns specifically the GeoBI tool. 

In the context of the GeoBI tool, there will be personal data processing for the purposes of the project, which 
do not belong to any special categories as stipulated in Article 9 (1) GDPR, or data relating to criminal 
convictions (art. 10 GDPR), or to minors. Any collected personal information will be in accordance with 
General Data Protection Regulation (2016/679) (‘GDPR‘). Any incidental usage data may also be automatically 
collected, including, but not limited to, the type of browser the user uses, such as: the IP address, the type 
of Internet browser you use, unique device identifiers and other diagnostic data. All the latter are isolated 
and available only to the server administrator, who has access to the server through SSH key authentication. 

As aforementioned, Personal Data are collected and processed solely for the purposes of the project. More 
in particular, for the 1st prototype, they only personal data collected are the incidental usage data. For the 
moment no other data are collected, since DRAXIS has created an account which DW can use to access and 
assess the tool during PUC3. However, it is possible to receive additional feedback from the pilots in the 
upcoming months, that could make additional users (different members of the DW team) to request the 
creation of personal accounts in order to access the tool. In this case additional personal data will be 
collected. More specifically, the purpose of personal data collection stems from the need of the users to 
create a personal account, and for that reason to provide their email and a personal password. These data 
will only be acquired, anonymised and stored by DRAXIS (that owns the respective server) without further 
processing.  

At any stage, the users will be able to enact their right as derived by GDPR, such as: Right to information: 
they may request information about whether DRAXIS holds personal information about them, and, if so, what 
that information is and why they are holding it; Right to decline: they may decline to offer any particular 
additional information requested by the tool without previous consent; Right to access: they may access 
their data and ask for copies of their data whenever they wishes to; Right to rectification: they may ask to 
rectify the information they have provided in case they consider that something is missing or is incorrect; 
Right to data portability: they have the right to request the transfer of their personal data to another data 
controller in an electronic and structured form; Right to object: they may ask to stop 
collecting/processing/erase their personal data (account) at any given moment without a specific reason. 
They may also lodge a complaint with the data protection supervisory authority; Right to erasure/ Right to 
withdraw: They may request DRAXIS to close their account. When the User’s account is deleted, all personal 
information is automatically and permanently deleted, unless if it is required to according to the European 
Commission’s guidelines for auditing purposes (at least up to 5 years after the completion of the project). 

Of course, users are invited to contact DRAXIS if they have any questions, concerns, comments or complaints 
related to the personal information gathering process. They can send an email at info@callisto-h2020.eu 
with a specific request. DRAXIS secures users personal information from unauthorised access, use or 
disclosure. All data are securely stored in firewall protected servers, within the organisation’s premises, 
which are only accessible to authorised individuals with a unique set of usernames and passwords. Devices 
that store a backup of the data follow the same security procedures as the main server. For any remote 
interactions with the server (e.g., remote control or data transfer), secure protocols such as ssh/stfp are used. 
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8 Next steps 
The current document includes all the information concerning the 1st prototype of the air quality forecasting 
model and the GeoBI tool, which were delivered at the end of October ‘22. Two improved versions of the 
model and tool are foreseen until the end of the project (2nd prototype and final system).   

These upcoming versions will be based on the feedback received from the pilot users (DW) during the pilot 
implementation of the 1st prototype. However, some initial communications have already taken place 
between DRAXIS and DW concerning the tool’s features that will probably be integrated in the upcoming 
versions. These features include: 

 Visualisation of air quality data for the whole of Europe. This could be achieved with the potential 
aggregation of air quality data from official ground - based monitoring stations and open low - cost 
sensors all around Europe; 

 Production of 3-day forecasts (point data and heatmaps) for SO2, PM10, O3, NO2, PM2.5, NO; 

 Potential integration of available traffic data (this was also explored for the 1st prototype of the GeoBI 
tool, but no free open traffic data source was identified); 

 Potential integration of social media (mainly Twitter) posts concerning air quality information. 

  



 D4.5 - Air quality forecasting and Geospatial Business Intelligence tool 

 

 

58 

9 Conclusions 
The current document constituted D4.5 of the CALLISTO project and described all the approaches that were 
followed for the elicitation of the user requirements for the CALLISTO air quality services, the current status 
of the tool and its future steps. More specifically, the first sections of the document presented information 
on  air pollution, its impacts on the health of the general public and the environment as well as the current 
monitoring techniques for air quality monitoring and forecasting. The following sections presented a 
literature review of the existing techniques for the user requirements elicitation, the techniques that were 
followed by DW and DRAXIS and a list of the total user requirements for the tool. Finally, a thorough 
presentation of the 1st prototypes of the air quality forecasting model and the GeoBI tool are provided, along 
with information on the data sources that have been used and a manual of the tool. The project’s next goals 
are the improvement of the GeoBI tool (e.g., it’s accuracy, projections’ range) and the design of its 2nd 
prototype.   
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● Impact and Metrics, 

● Open Science, 

● Policy development and implementation, 

● Research Data Management. 

 

 

 

 


