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ALARM  
MULTI-HAZARD MONITORING AND EARLY WARNING SYSTEM 

This Report is part of a project that has received funding from the SESAR Joint Undertaking under grant 
agreement No 891467 under European Union’s Horizon 2020 research and innovation programme. 

 

 

Abstract  

The present deliverable is aimed at providing an overview of the long-term analysis (climatology) of 
extreme weather events in Europe with the objective of selecting airports regularly affected by severe 
weather and for which the development of a nowcasting algorithm in support to the air traffic 
management and air traffic control can potentially bring an added value for the avoidance and the 
mitigation of the risk. In addition to a detailed literature review, we also analyse the patterns, 
frequencies and trends of the most relevant weather parameters that can influence the flight 
trajectories and we base the hotspots selection on a combination of data availability, impact on air 
traffic, and severity of the weather events. As a conclusion, we report the risks maps, and we identify 
some hotspots where performing the nowcasting algorithm will be highly relevant and beneficial for 
enhancing situational awareness on extreme weather. 
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1 Introduction 

For the sake of completeness, we introduce this deliverable providing a high-level overview of ALARM 
project, including its main goals, general concept, and work plan.2 Then, we describe the content of 
the deliverable within the overall ALARM concept.  

1.1 ALARM’s project Goals 

The overall objective of ALARM is 

to develop a prototype global multi-hazard monitoring and Early Warning System (EWS). 

A global multi-hazard monitoring system means near-real time (NRT) and continuous global Earth 
observations from satellite, with the objective of generating prompt alerts of natural hazards affecting 
Air Traffic Management (ATM) and to provide information for enhancing situational awareness and 
providing resilience in crisis. NRT data (with delay of delivery from 45 min, to less than 4h) and tailored 
products from ground-based and satellite systems, as well as algorithms relying on meteorological 
forecast data, will be used to feed models capable of detecting (creation of alert products) and 
predicting (nowcasting/forecasting) the risk/displacement of: 

1) particles in suspension and gas derived from natural hazards (volcanic ash and SO2, dust clouds 
from sandstorms, and smoke from forest fire). 

2) severe weather situations such as deep convection and extreme weather. 

3) space weather regarding exposure to increased levels of radiation during flight; and 

4) environmental hotspots potentially contributing to global warming in a large extent. 

ALARM EWS plans to provide alert information for the stakeholders about the threat to aviation in 
three different manners:  

• early warning (geolocation, altitude and level of severity -quantification if available- of the 
observed hazard). 

• nowcasting [up to 2h] of hazard evolution at different flight levels.  

• forecasting [from 2h to 48h] of hazard evolution at different flight levels. 

The consortium will analyse the requirements for its inclusion in SWIM Yellow Profile Services.  

Specifically, the aim is to enhance situational awareness of all stakeholders in case of multiple hazard 
crisis by facilitating the transfer of required relevant information to end-users, presenting such 
information in a user-friendly manner to ATM stakeholders. In summary, anticipating severe hazards 
and fostering better decision-making. 

 

 

2 interested readers are referred to ALARM’s website https://alarm-project.eu and ALARM’s Project Management Plan (Soler, 

2021) for more details. 

https://alarm-project.eu/


D4.1 - EXTREME WEATHER PATTERNS PEPORT AND RISKS MAP  

 

  

 

 

 7 
 

 

 

1.2 ALARM’s Overall Concept 

The overall concept underpinning ALARM project is shown in Figure 1. In summary, ALARM’s ambition 
is to develop a prototype multi-hazard (phenomena representing different threats to aviation or 
environmental impact) alert system capable of integrating different data sources (satellites and 
ground-based instrumentation) and models (e.g., available weather forecasts), to develop early 
warning & nowcasting/forecasting solutions of the following phenomena: 1) aerosol particle and gas 
dispersion resulting from natural hazards (e.g. volcanic ash and SO2, dust from sandstorms); 2) severe 
weather hazards (deep convection and extreme weather); 3) space weather (situational risk and alert); 
and 4) environmental hotspots (via climate change functions). For each hazard producing (one or 
more) alert products will be integrated in ALARM’s EWS hosting platform (in charge of broadcasting 
the information to ATM stakeholders). An ad-hoc API (Application Programming Interface) is to be 
developed for visualisation purposes. In this overall concept, one can identify 3 blocks, namely: the 
EWS hosting platform; the multi-hazard models for early warning and nowcasting (for some specific 
hazards, e.g., the environmental one, also forecasting); the demo API tool (which includes the ATM 
information analysis). 

Figure 1. Illustration of ALARM Overall Concept. 

1.3 ALARM’s Work Plan 

The project is divided into 8 WPs, which describes the different tasks to be performed in ALARM. The 
objectives of each WP are the following: 

• WP1 Project management: The goal is to effectively fulfil all the administrative, contractual, 
financial and technical aspects of the coordination of the project. 

• WP2 Alert system hosting platform: The goal is to develop an advanced alert system hazard 
service (Early Warning System – EWS) and to define the area (flight levels – FL) with risk. It will 
include alerts on particle dispersion hazards (volcanic ash, sulphur, dust clouds, smoke from 
forest fires) and space weather events (exposure to increased radiation levels) on a global scale 
(long-line flights), severe weather hazards (deep convection, extreme weather, icy clouds) on 
a regional scale (localised airports), and environmental hotspots (persistent contrails areas) on 
a global scale. 
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• WP3 Dispersion models: The goal is to bring together observational data with hindcast data in 
order to develop a bias correction metric that can be used to build an alarm forecast system 
for airports. 

• WP4 Severe weather hazards: The goal is to define the state of the art of extreme weather in 
EU and its connection to the climate change, and to develop nowcasting algorithms for locally 
developed convective systems 

• WP5 Environmental hotspots: The goal is to provide algorithms for environmental/climate hot 
spots based on state-of-art algorithmic climate change functions, define MET data 
requirements and evaluate climate impacts 

• WP6 MET Information and Alerts for ATM: The goal is to develop the roadmap for future 
development and deployment, and draft information requirements for the SWIM service for 
the alert products developed in WP2 to WP5. Develop visualization API 

• WP7 Dissemination, exploitation and communication: The goal is to coordinate all ALARM 
dissemination, exploitation, and communication activities while ensuring that the different 
targets have been reached. 

• WP8 Ethics requirements: The goal is to ensure ethical requirements during the conduction of 
the research activities. In particular, on the regard on identifying humans, protecting personal 
data.  

1.4 Purpose of the document within ALARM Project 

Within the Work Package 4 of the ALARM project, the objective of this document is to provide a clear 
overview of the climatology of extreme weather parameters characterising the European continent 
and those which have the potential to affect aviation management and control. Several European 
countries have always been affected by extreme weather events, however, in the last few decades due 
to climate change, regional weather patterns and trends have changed, and we must be aware of 
current susceptibility to extreme meteorological hazards. With this document, ALARM wants to 
provide a strong background to the project studies and the hotspots selection with the list of 
associated airports which can benefit from the development of the ALARM nowcasting algorithms.  

1.5 Document organisation 

In the first section we provide a comprehensive review of the recent literature on extreme weather 
events affecting Europe, citing all the most relevant works on this topic, and showing maps of 
important meteorological parameters affecting aviation, which could be used to forecast the severe 
weather. In the second section, we describe the data selection and show our analysis based on datasets 
fully covering the European continent. This analysis is going to complement what we can already find 
in literature and reinforcing the bases on which we decided to select the hotspots. We finally describe 
the hotspots selection procedure and the data availability for each of them. 

1.6 Intended readership 

This document is intended to be read by ALARM members, SJU (included the Commission Services), 
and ATM stakeholders. 
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1.7 List of acronyms 

Acronym Description 

AMJ  April-May-June 

ATM Air Traffic Management 

CAPE Convective Available Potential Energy 

CARGO airport-sCAle seveRe weather nowcastinG 

CINH Convective inhibition 

cp convective precipitation 

csf convective snow fall 

ECMWF  European Centre for Medium-Range Weather Forecasts 

ERA40 ECMWF meteorological ReAnalyses for 45 years 

ERA5 ECMWF Fifth generation of meteorological ReAnalyses  

EWL Early Warning System 

FL Flight Level 

GNSS Global Navigation Satellite System 

IFS Integrated Forecasting System 

JFM January-February-March 

JAS July-August-September 

Linet Lightning detection NETwork 

NRT Near Real Time 

OND October-November-December 

SINOPTICA Satellite-borne and in situ observations to predict the initiation of convection for ATM 

SWIM System Wide Information Management 

Tp total precipitation 

Table 1: List of acronyms 

ALARM Consortium 

Acronym Description 

BIRA Royal Belgian Institute for Space Aeronomy 

DLR DEUTSCHES ZENTRUM FUR LUFT -UND RAUMFAHRT EV 

SATAVIA  SATAVIA LTD 

SymOpt SymOpt S.R.L 

UC3M Universidad Carlos III of Madrid 

UniPad UNIVERSITA DEGLI STUDI DI PADOVA 

Table 2: ALARM consortium acronyms 
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2 Extreme events climatology – a review 

In recent years, there has been a growing interest in the study of natural disasters, mainly linked to 
the increase in the frequency of such events. The trend curve indicating the number of loss relevant 
natural catastrophes worldwide reveals an increase by a factor of about three within the last 35 years. 
These phenomena are mainly associated to weather-related events e.g., storms and floods. There is 
some justification in assuming that changes in the atmosphere, which includes a widespread increase 
of water vapour content in the lowest layers of the troposphere (Rädler et al., 2018), are playing a 
relevant role (Hoeppe, 2016). Several studies have been performed in this field, leading to interesting 
considerations regarding the spatial and temporal evolution of intense meteorological phenomena, 
while also assessing possible future scenarios (Púčik et al., 2017; Rädler et al., 2019). Statistical analyses 
reported in scientific literature show that the context is constantly evolving and that even at mid-
latitudes we are increasingly observing severe weather events. Topics related to this statement are, 
for instance, severe thunderstorms associated with large hail in several European regions (Rädler et 
al., 2018; Sander et al., 2013). Figure 2 shows the distribution of hails events in Europe in the last 40 
years (left panel) and the decadal trend of such events (right panel).   

 

Figure 2. On the left, map of hail events frequency in Europe in the period 1979-2015. Clearly, Italy 
(especially the northern area), Balkans, central Europe and Pyrenees are the areas mostly affected by 
hail events. However, if we check the trend per decade of the hail events (right panel) we can see that 
this type of events mostly increased in northern Italy, Slovenia, Balkans, Bulgaria and Romania (Rädler 
et al., 2019). 

Many studies have been carried out with the aim to identify regions that are most prone to hail hazard 
and the scientific literature offers many arguments in this regard. A review of hail frequency estimates, 
presented on a country level (Punge and Kunz, 2016), show how Central Europe is highly susceptible 
to extreme weather hail events. See for instance Germany, where some of Europe's strongest hail 
events occurred (Kunz et al., 2009), the pre-Alpine (Nisi et al., 2016) regions of Switzerland, Austria, 
and Slovenia, where hail frequency is generally enhanced, but also Central Eastern Europe in countries 
like Poland, Czech Republic, Slovakia and Hungary. The frequency of hail varies substantially in Western 
Europe being mainly influenced by the proximity of the Atlantic Ocean (Punge et al., 2014). While 
heavy hail rarely occurs in Belgium, the Netherlands, Luxembourg and the British Isles, where instead 
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small hailstorms occur quite frequently throughout the year, France is frequently affected by severe 
hailstorms, namely the Southwest France where, between 2000 and 2010, there was a total 305 days 
of hail; a fact that indicates how the Pyrenees Range plays a vital role in the formation of intense 
hailstorms (Andrés Merino et al., 2014). In southern Europe, including Italy (D’Adderio et al., 2020; 
Laviola et al., 2020; Marra et al., 2017) and the Iberian Peninsula (A. Merino et al., 2014), the climate 
is strongly influenced by high insolation and proximity to the Mediterranean; therefore, some regions, 
such as northern Italy, have one of the highest hail frequencies in Europe (Punge et al., 2014). The 
general climate of south-eastern Europe is largely conditioned by the Mediterranean and Black Sea, as 
a result hail frequently occurs in well-determined hot spots (Punge and Kunz, 2016). As regards Eastern 
Europe, Northern Caucasus can be considered the region with the highest hail hazard, whereas 
hailstorms are generally less common in Northern Europe, essentially because of the prevalent colder 
climate (Punge and Kunz, 2016).  

 

Figure 3. (a) Modelled number of lightning cases for the period 1979–2016, (b) modelled number of 
hail cases for the period 1979–2016 and (c) modelled number of wind cases for the period 1979–2016 
(Radler et al., 2018). The patterns of lightning, wind and hail are strictly correlated showing a similar 
distribution as in Figure 2. 

Another key issue is of course heavy rainfall, which show significant trends over Europe (Maraun, 2013; 
Van den Besselaar et al., 2012), and the resulting floods. Daily and sub-daily heavy precipitation is 
indeed one of the most significant hazard (Scoccimarro et al., 2015), and rainfall events are projected 
to intensify with climate change (Stott, 2016; Ban et al., 2015; O’Gorman, 2015; Rajczak et al., 2013). 
In particular, a future enhancement of heavy precipitation events, more marked at the sub-daily time 
scale, is expected over Spain and the European west coast (Scoccimarro et al., 2015). Hail storms and 
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heavy precipitations are strictly connected with the lightning formation. According to scientific 
literature, the simulation of the number of lightning events in a given historical period is higher in 
central and southern Europe, specifically across high altitude, mountainous regions (see Figure 3). This 
is in accordance with what has been observed by the lightning detection networks (Rädler et al., 2018). 
In general, events of large hail and damaging convective winds appear to be increasing more markedly 
than those of lightning, with a strong upward trend in most regions. Furthermore, hail with diameters 
≥5 cm, which causes the most severe damage, is strongly projected to become more probable in most 
of Europe, with a possible doubling in parts of Central and North-Eastern Europe (Rädler et al., 2019). 
Another interesting aspect in the projections is that they show an increase in some parts of Central 
and Eastern Europe of the wind shear in unstable situations; probably related to specific conditions of 
air mass displacement (van Delden, 2001). The joint result of these effects leads to a moderate 
amplification of the chance of convective storms developing in organised modes. The decadal trends 
(Figure 4) of lightning, hail and wind do not show substantial changes in the actual and past patterns, 
highlighting that the regions more prone to extreme events can be clearly defined.  

 

Figure 4.  (a) Trend of the modelled number of lightning cases per decade, (b) Trend of the modelled 
number of hail cases per decade, and (c) Trend of the modelled number of wind cases per decade 
(Rädler et al., 2018). The decadal trends do not show any substantial change in the past and actual 
patterns of extreme events. 

To complete this short overview of the characteristics of intense weather events across Europe, a final 
core element should be introduced: warm-core cyclones (Figure 5). Part of this category are the 
Mediterranean Tropical-Like Cyclones, or Medicanes mostly affecting the Mediterranean Sea (Romera 
et al., 2017; Romero and Emanuel, 2017; Walsh et al., 2014) and Extra-Tropical Cyclones largely 
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affecting North-Western Europe (France, Ireland, Southern England, and Benelux). The Medicanes can 
be compared to Tropical Cyclones for some characteristics even though smaller in size. They are not 
very frequent and they mostly develop over the sea, however, due to the Mediterranean Sea structure 
it is likely that they strongly affect the southern European coasts such as Balearic Islands, Sardinia, 
Sicily, Southern Italy and Western Greece. In recent years, some Medicanes have also developed in the 
Black Sea and advected towards Bulgaria.  

 

Figure 5. Number of warm-core cyclones detections, 1981-2000 (Walsh et al., 2014). In the upper panels 
the seasonal distribution of warm-core cyclones from the ERA40 reanalyses dataset in different 
seasons: Winter (JFM), Spring (AMJ), Summer (JAS) and autumn (OND). The bottom panel shows the 
total number of cyclones showing a significant impact of the north Atlantic extra-tropical cyclones on 
the north west European coast and highlighting the Mediterranean regions mostly affected by 
Medicanes. 

. 
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It is worth noting that some studies have found a decrease in the number of Medicanes per year and 
an increase in the extreme intensity of these events during the 21st century (Romera et al., 2017; 
Cavicchia, 2014; Walsh et al., 2014). At the same time, simulations have shown a shift towards an 
earlier monthly maximum, together with an increase in August Medicanes (Romera et al., 2017). The 
decrease in Medicanes appears to be related to the spatial distribution. The central zone of the 
Mediterranean Sea, which is currently characterised by more events, is expected to experience a 
greater decrease than the western and eastern zones. Interestingly, when the analysis is carried out 
by dividing the Mediterranean Sea into northern and southern sub-regions, in clear contrast to the 
northern part, no future decrease in Medicanes is identified in the southern part, where rather, the 
extreme intensity is expected to increase more significantly. These events are strictly related to climate 
change, for which the Mediterranean has been identified as one of the most sensitive regions 
(Cavicchia, 2014; Walsh et al., 2014), and for this reason particularly interesting in the context of 
meteorological studies of Europe (Rädler et al., 2018). 

It is now clear that the determination of descriptive and predictive algorithms for the atmospheric 
behaviour (Laviola et al., 2020; Mascitelli et al., 2020; Bonafoni et al., 2019; Avolio and Federico, 2018; 
Olaiya and Adeyemo, 2012; Biondi et al., 2012; Cassola and Burlando, 2012) is crucial in an area such 
as Europe, which is strongly affected by severe weather phenomena. The above description allowed 
the determination of some areas of interest, which are analysed using a multi-instrumental approach. 
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3 Extreme events climatology – Analyses 

3.1 Data availability 

Europe has a large and dense coverage of meteorological sensors including weather stations, lightning 
detectors, ground-based GNSS receivers and radars. All these sensors are relevant for the ALARM 
project, however, the management of all the networks is scattered across a number of different 
agencies and it is extremely difficult to collect all the needed datasets at European level to perform a 
climatological study. For this reason, we decided to use the ERA5 ECMWF reanalysis (Fifth generation 
of meteorological reanalyses issued by the European Centre for Medium-Range Weather Forecasts) 
(Hersbach et al., 2018) for climatological purposes at large spatial scale and to choose some hotspots 
as case studies, while we use different datasets to deepen the study on the hotspots. 

3.2 Relevant parameters 

In order to define a climatology that is also consistent with the literature mentioned in the section 2, 
we provide a statistical analysis on the ERA5 dataset for the period 1980-2020. The reanalyses combine 
the Integrated Forecasting System (IFS) model background field with observations to achieve the best 
estimate of the atmosphere. The ERA5 model covers the whole Earth with 137 layers to resolve the 
atmosphere in the vertical direction and has a horizontal resolution of about 30 km. The ERA5 dataset 
includes hourly estimates of a wide range of variables and, in the frame of this research, we have used 
the following parameters representing the weather extremes under different points of view: 

- Total precipitation (tp) [m] comprises accumulated liquid (e.g. rain) and frozen water (e.g. 
snow). It is the sum of large-scale precipitation and convective precipitation. Large-scale 
precipitation is generated by the cloud scheme in the ECMWF-IFS. Convective precipitation is 
generated by the convection scheme in the IFS (spatial scales smaller than the grid box); 

- Convective precipitation (cp) [m] which represents the accumulated precipitation that falls to 
the Earth's surface, which is generated by the convection scheme in the ECMWF-IFS; 

- Convective available potential energy (CAPE) [J*kg-1] which is an indication of the stability of 
the atmosphere and can be used to assess the potential for the development of convection, 
which can lead to heavy rainfall, thunderstorms and other severe weather; 

- Convective inhibition (CINH) [J*kg-1] which is a measure of the amount of energy required for 
convection to commence; 

- Convective snowfall (csf) [m of water equivalent] which represents the accumulated snow that 
falls to the Earth's surface, which is generated by the convection scheme in the ECMWF-IFS; 

- Instantaneous 10m wind gust (i10fg) [m*s-1] which represents the maximum wind gust at the 
specified time, at a height of ten metres above the surface of the Earth. The WMO (World 
Meteorological Organization) defines a wind gust as the maximum of the wind averaged over 
3 second intervals. This duration is shorter than a model time step, and so the ECMWF-IFS 
deduces the magnitude of a gust within each time step from the time-step-averaged surface 
stress, surface friction, wind shear and stability. 
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3.3 Analytical approach 

The extraction of climatologies, covering the entire European territory (latitude 33N-60N and longitude 
11W-40E) over the period 1980-2020, was carried out using the analytical approach described below. 
On the whole dataset, for each parameter, we calculated the frequency each grid cell exceeds the 90th 
percentile (defined here as the “total frequency” of each parameter). Once we obtained the 
exceedance matrices, we calculated the trend of the values for each position in each year, over the 
whole period and over two split time periods, 1980-2000/2001-2020 respectively, this is what we call 
the “annual trend” of each parameter. We performed a similar procedure regarding the analyses of 
seasonal trend. To perform a qualitative comparison between the different parameters, we normalised 
all the values respect to the maximum of the entire period and the whole area. 

The convective precipitation total frequency in the period 1980-2020 (Figure 6 left panel) shows 
significant patterns over the Alps, in the English Channel and in the Gibraltar area, however, the annual 
trend (Figure 6 right panel) shows a slightly different patterns with an increase of precipitation in 
Central Europe (mostly over the Alps), in the Western Mediterranean Sea and over the Pyrenees. The 
comparison between the annual trend in the last 20 years of the 20th century (Figure 7 left panel) and 
the first 20 years of this century (Figure 7 right panel) shows that the increase of the extreme 
convective precipitations has recently moved towards the central Europe and decreased in Spain and 
North Atlantic Ocean.   

 

Figure 6. On the left panel, normalised convective precipitation total frequency in the period 1980-
2020. On the right panel, convective precipitation annual trend in the period 1980-2020. 
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Figure 7. On the left panel, the convective precipitation annual trend in the period 1980-2000. On the 
right panel, the convective precipitation annual trend in the period 2001-2020. 

A deep analysis of seasonal behaviour of convective precipitation annual trends in the last 40 years 
(Figure 8), highlights that the extremes increase over the Alps and in the Western Mediterranean Sea 
during spring and summer, a clear signature over the Pyrenees (and crossing the Mediterranean until 
north Africa) in autumn, and a smoother distribution in central Europe in winter. 

 

Figure 8. Seasonal convective precipitation trends in the period 1980-2020.  

 

Our results, partially confirm the finding reported in literature: the Alps and the Pyrenees are areas 
which must be taken in account according to all the climatological studies. 

For completeness, we report in the Appendix A the total frequency and the annual trend of all the 
selected parameters from the ERA5 reanalysis. 

3.4 Hot spots selection 

The hotspot selection is based on the combination of 3 different parameters in the following order of 
priority: 
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- Availability and accessibility of the data needed for the algorithm development; 
- Frequency of the extreme weather in the area; 
- Size of the airport of interest in terms of number of passengers and amount of freight. 

The availability and accessibility of data is mostly influenced by the connection that the project 
partners have with the agencies managing the different sensors networks. This makes data access 
easier in Italy, Spain and Belgium as the consortium members have close links with agencies in these 
three states. 

As already reported, the European areas more affected by extreme events are Italy, the Pyrenees, 
south-west Spain, the Balkans, Switzerland, Austria, Slovenia, Bulgaria and Romania. In Figure 9, we 
highlight vulnerable regions which are potentially susceptible to extremes (based on the frequency of 
current extreme events) and we superimpose to the map the locations of the 20 major airports in term 
of passenger’s number (Appendix B) and freight movement (Appendix C). In this case just Milano 
Malpensa (Italy), Zurich (Switzerland) and Barcelona (Spain) airports are characterised by extreme 
weather risk.  

According to the extreme weather frequency trend, the regions of interest are reduced to northern 
Italy and the Balkans (Figure 10). In this case just Milano Malpensa (Italy) airport is included in the risky 
area.    

For all these reasons, our first choice of a hotspot for the nowcasting algorithm development will be 
Milano Malpensa. This decision is also reinforced by the fact that the same airport was the focus of 
the SESAR Engage KTN Catalyst project CARGO (airport-sCAle seveRe weather nowcastinG) and one of 
the hotspots selected within the SESAR SINOPTICA project. This means that we have a large 
background and datasets to play with, allowing to get the best results and it also means that we can 
compare our results to a different nowcasting model developed within SINOPTICA.  

Another hotspot will be Barcelona airport which is in one of the areas with higher extreme events 
frequency. This case study will be relevant because Barcelona is characterised by a different 
microclimate than Milano. In any hotspot, ALARM will optimize the sensors network distribution 
deciding what is the optimum number of GNSS receivers, weather stations, and lightning detectors in 
order to get a good balance between the nowcasting system efficiency and the computational 
complexity. Barcelona will be a good test to evaluate if the sensors network distribution optimized for 
Milano, can be valid for different areas or if it must be readjusted case by case.    

Once the nowcasting algorithm is developed, it will be easy to apply it to other hotspots and we have 
already selected three airports which could be interesting to study for different reasons: 

- Roma Leonardo da Vinci airport, located in an area with relatively high frequency of extreme 
events and for which we have access to a large amount of data. 

- Palma de Mallorca airport, interesting site because located in an area where the Medicanes 
usually develop. 

- Brussels airport, because we have access to a large amount of data from really dense networks 
and this area is also regularly subject to heavy rainfall in summer. 
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Figure 9. Risk map according to the extreme weather events total frequency. The red rectangles 
highlight the areas where it is more likely for the extremes to develop; the airplanes denote the 20 
major European airports. Just Milano Malpensa, and Barcelona are included in the areas with the 
highest risk. 

 
Figure 10. Risk map according to the extreme weather annual trend. The blue rectangles highlight the 
areas in which the extreme events frequency increased with the time; the airplanes denote the 20 major 
European airports. Just Milano Malpensa is included in the areas with the highest risk. 
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3.5 Hot spots data availability 

3.5.1 Milano Malpensa airport (Italy) 

Milano Malpensa airport is within the top 20 largest European airports in terms of passengers (20th in 
the list in 2019) and in terms of freight movement (14th in the list in 2019). It is the only top 20, included 
in the risk map according to the frequency of extreme events total frequency and according to the 
extreme events frequency trend. This already make Malpensa airport the perfect hotspot for this 
study. Moreover, other projects (i.e., Engage KTN Catalyst CARGO project and SESAR SINOPTICA 
project) are focusing in the same area, so a large amount of data have already been collected and 
partially validated. In this area we have available: 

- Ground-based GNSS data from 11 stations covering the period 2010-2020. 
- GNSS Radio Occultations covering the period 2010-2020. 
- Weather data (including thermometers, hygrometers, rain gauge, barometers) from 75 

stations covering the period 2010-2020. 
- Lightning data from EarthNetwork covering the period 2016-2019 and from Linet for specific 

case studies. 
- Radiosonde from Linate station covering the period 2010-2020. 
- Radar data in the entire region covering the period 2010-2020. 

3.5.2 Barcelona Josep Tarradellas airport (Spain) 

Barcelona airport is within the top 20 largest European airports in terms of passengers (6th in the list 
in 2019) and in terms of freight movement (5th in the list in 2019). It is included in the risk map 
according to the frequency of extreme events total frequency. In this area we have available: 

- Ground-based GNSS data from 10 stations covering the period 2010-2020. 
- GNSS Radio Occultations covering the period 2010-2020. 
- Weather data agreement on-going with EnAire. 
- Lightning data agreement on-going with EnAire. 
- Radar data agreement on-going with EnAire. 

3.5.3 Roma Leonardo Da Vinci (Italy) 

Roma Leonardo da Vinci airport is within the top 20 largest European airports in terms of passengers 
(11th in the list in 2019) and in terms of freight movement (7th in the list in 2019). It is not included in 
the risk maps, but the frequency of extreme events in the area is higher than the average in Europe. 
In this area we have available: 

- Ground-based GNSS data from 12 stations covering the period 2010-2020. 
- GNSS Radio Occultations covering the period 2010-2020. 
- Weather data (including termometers, hygrometers, rain gauge, barometers) from 20 stations 

covering the period 2010-2020. 
- Lightning data from Linet for specific case studies. 
- Radiosonde from Pratica di Mare station covering the period 2010-2020. 
- Radar data in the entire region covering the period 2010-2020. 
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3.5.4 Palma de Mallorca San Joan airport (Spain) 

Palma de Mallorca airport is within the top 20 largest European airports in terms of passengers (18th 
in the list in 2019) and in terms of freight movement (13th in the list in 2019). It is not included in the 
risk maps, but in the area where the Medicanes usually develop. In this area we have available: 

- Ground-based GNSS data from 10 stations covering the period 2010-2020. 
- GNSS Radio Occultations covering the period 2010-2020. 
- Weather data agreement on-going with EnAire. 
- Lightning data agreement on-going with EnAire. 
- Radiosonde from Palma de Mallorca station covering the period 2010-2020. 
- Radar data agreement on-going with EnAire. 

3.5.5 Brussels Zaventem airport (Belgium) 

Brussels airport is within the top 20 largest European airports in terms of freight movement (15th in 
the list in 2019). It is not included in the risk maps but located in an area where in the last decade some 
Atlantic tropical cyclones landed after becoming extra-tropical cyclones. Regularly heavy rainfall also 
takes place in summer season. In this area we have available: 

- Ground-based GNSS data from 27 stations covering the period 2016-2020. 
- GNSS Radio Occultations covering the period 2016-2020. 
- Weather data (including thermometers, hygrometers, rain gauge, barometers) from 27 

stations collocated with the GNSS, covering the period 2016-2020. 
- Lightning data from the Belgian Lightning Location System covering the period 2016-2020. 
- Radiosonde from Beauvechain and Uccle stations covering the period 2010-2020. 
- Radar data in the entire region covering the period 2016-2020. 

 

 

 

 



D4.1 - EXTREME WEATHER PATTERNS PEPORT AND RISKS MAP  

 

  

 

 

 22 
 

 

 

4 Conclusions 

This deliverable has provided an overview on the climatology of extreme weather events in Europe, 
presenting typical patterns and phenomena. We have analysed and characterised hotspot regions in 
Europe. In these regions five airports have been identified and individual lists on available 
observational data products is provided. As a conclusion, we report the risk maps, and we identify 
some hotspots where performing the nowcasting algorithm. This will be highly relevant and beneficial 
for enhancing situational awareness on extreme weather. 
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Appendix A Extreme events frequency and trends 
according to different parameters 

 

Figure A.1.1. On the left panel, normalised CAPE total frequency in the period 1980-2020. On the right 
panel, CAPE annual trend in the period 1980-2020. 

 

Figure A.1.2. On the left panel, normalised CINH total frequency in the period 1980-2020. On the right 
panel, CINH annual trend in the period 1980-2020. 

 

Figure A.1.3. On the left panel, normalised convective snow fall total frequency in the period 1980-
2020. On the right panel, convective snow fall annual trend in the period 1980-2020. 
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Figure A.1.4. On the left panel, normalised wind gust total frequency in the period 1980-2020. On the 
right panel, wind gust annual trend in the period 1980-2020. 
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Appendix B Busiest airports by passengers  
List of the 23 busiest airports in Europe according to the number of passengers. The list refers to the 
2019, latest available year before the pandemic. Source Eurostat 
(https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=avia_tf_ala&lang=en).   

 

Table 3: Busiest airports by passenger in Europe 
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Appendix C Busiest airports by freight  
List of the 20 busiest airports in Europe according to the freight movement. The list refers to the 2019, 
latest available year before the pandemic. Source Eurostat (https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=File:Top-20_airports_in_the_EU-
27_in_terms_of_total_freight_and_mail_loaded_unloaded_in_2019_(Tonnes)_.png). 

 

Table 4: Busiest airports in Europe according to the freight movement. 
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