EXPLORATORY RESEARCH

Local and regional models
integrated with weather
and climate information
Deliverable ID:

D3.1

Dissemination Level:

PU

Project Acronym:

CREATE

Grant:
Call:
Topic:
Consortium Coordinator:
Edition Date:
Edition:
Template Edition:

890898
H2020-SESAR-2019-2
SESAR-ER4-05-2019
UNIPARTH
25-10-2021
00.02.00
02.00.02

Founding Members

D3.1 LOCAL AND REGIONAL MODELS INTEGRATED WITH
WEATHER AND CLIMATE INFORMATION

Authoring & Approval
Authors of the document
Name/Beneficiary

Position/Title

Date

Alessandro Nanni / ARIANET

ARIANET Project Manager

22 October 2021

Sandro Finardi / ARIANET

ARIANET PMC member

22 October 2021

Cristina Pozzi / ARIANET

ARIANET / Atmospheric pollutants emissions
and dispersion

22 October 2021

Gianni Tinarelli / ARIANET

ARIANET PMC member

22 October 2021

Camillo Silibello / ARIANET

ARIANET / AQ modelling

22 October 2021

Mikhail Sofiev / FMI

FMI / Project Manager

22 October 2021

Risto Hanninen / FMI

FMI / climate modelling

22 October 2021

Angelo Riccio / UNIPARTH

UNIPARTH / WP3 Leader

18 October 2021

Edoardo Bucchignani / CIRA

CIRA / Task Leader

22 October 2021

Myriam Montesarchio /CIRA

CIRA / Task Leader

22 October 2021

Reviewers internal to the project
Name/Beneficiary

Position/Title

Date

Vittorio Di Vito / CIRA

CIRA Project Manager / D2.2 Coordinator

22 October 2021

Xavier Prats / UPC

UPC Project Manager

22 October 2021

Nick van den Dungen / NLR

NLR Project Manager

22 October 2021

Kinanthi Sutopo / NLR

NLR team Member

22 October 2021

Raffaella Russo/ ISSNOVA

WP6 Leader

22 October 2021

Gabriella Duca / ISSNOVA

ISSNOVA Project Manager

22 October 2021

Mario Ciaburri / ISSNOVA

ISSNOVA PMC member

22 October 2021

Approved for submission to the SJU By - Representatives of beneficiaries involved in
the project
Name/Beneficiary

Position/Title

Date

Angelo Riccio / UNIPARTH

Project Coordinator

25 October 2020

Xavier Prats / UPC

UPC Project Manager

25 October 2020

Mikhail Sofiev / FMI

FMI Project Manager

25 October 2020

Nick van den Dungen / NLR

NLR Project Manager

25 October 2020

Alessandro Nanni / ARIANET

ARIANET Project Manager

25 October 2020

Gabriella Duca / ISSNOVA

ISSNOVA Project Manager

25 October 2020

Founding Members

2

D3.1 LOCAL AND REGIONAL MODELS INTEGRATED WITH
WEATHER AND CLIMATE INFORMATION

Vittorio Di Vito/ CIRA

CIRA Project Manager

25 October 2020

Rejected By - Representatives of beneficiaries involved in the project
Name/Beneficiary

Position/Title

Date

Document History
Edition

Date

Status

00.00.01

2-6-2021

Draft

Author
Angelo Riccio /
UNIPARTH

Justification
Document template

Angelo Riccio /
UNIPARTH

00.00.02

20-6-2021

Draft

Gianni Tinarelli,
Alessandro Nanni,
Cristina Pozzi /
ARIANET
Risto Hanninen,
Mikhail Sofiev / FMI

First draft

Edoardo Bucchignani,
Myriam Montesarchio
/ CIRA
Angelo Riccio /
UNIPARTH

Consolidated draft for
first review internal to
the project

00.00.03

28-6-2021

Draft

00.00.04

29-6-2021

Final document for
Angelo Riccio / UNIPARTH Final document
consortium review and
circulated for project
approval
team review and
approval

00.01.00

9-7-2021

Final version approved Angelo Riccio / UNIPARTH Final version including
the implementation of
for submission
the internal review
comments

00.01.01

24-9-2021

First revised Draft

Angelo Riccio / UNIPARTH First draft including
the description of the
AQS solution,
according to the SJU
comments

00.01.02

22-10-2021

Consolidated Draft

Angelo Riccio /
UNIPARTH
Gianni Tinarelli,
Alessandro Nanni,

Founding Members

Second draft including
the implementation of
the internal review
comments

3

D3.1 LOCAL AND REGIONAL MODELS INTEGRATED WITH
WEATHER AND CLIMATE INFORMATION

Cristina Pozzi /
ARIANET
Risto Hanninen,
Mikhail Sofiev / FMI
Edoardo Bucchignani,
Myriam Montesarchio /
CIRA
00.02.00

25-10-2021

Final version approved Angelo Riccio /
for submission
UNIPARTH

Final version for
approval to
submission

Copyright Statement
© – 2021 – CREATE beneficiaries. All rights reserved. Licenses to the SESAR Joint Undertaking under
conditions.

Disclaimer
The opinions expressed herein reflect the author’s view only. Under no circumstances shall the SESAR
Joint Undertaking be responsible for any use that may be made of the information contained herein.

Founding Members

4

D3.1 LOCAL AND REGIONAL MODELS INTEGRATED WITH
WEATHER AND CLIMATE INFORMATION

CREATE
INNOVATIVE OPERATIONS AND CLIMATE AND WEATHER MODELS TO
IMPROVE ATM RESILIENCE AND REDUCE IMPACTS

This deliverable is part of a project that has received funding from the SESAR Joint Undertaking under grant agreement No
890898 under European Union’s Horizon 2020 research and innovation programme.

Abstract
This report represents the deliverable D3.1 of the H2020-SESAR-CREATE project “Local and regional
models integrated with weather and climate information” and describes the tools that are developed
within the CREATE project in support to ATM operations. In deliverable D2.1, "Aviation impact on local
environment and long term & global phenomena", the methodology and the tools for studying the air
quality on the regional and global scale were introduced. In this deliverable these tools are
complemented with other modules to demonstrate how it is possible to extend their potential use for
applications of interest in the aviation context.
First, we further extend the application of Lagrangian particle models for the analysis of dispersion
processes at the micro-scale, taking into account the effects of the presence of obstacles/buildings,
which is of great interest for airport areas (Task 3.1 of the third CREATE work package). The Lagrangian
model is complemented with an emission module, which considers the actual characteristics of
aircrafts and the meteorological conditions along their 4D trajectory.
Analogously, the global-scale simulations from the SILAM Chemical Transport Model (CTM), already
described in deliverable D2.1, are scaled to the smaller European domain, highlighting the importance
of higher resolution simulations to assess the contribution of aviation emissions. Moreover, we
investigate how much the high-altitude emission contribute to surface level concentrations, separately
accounting for landing and take-off emissions (Task 3.2).
The weather forecast system is complemented with a variational data assimilation module to include
observational information, different in nature and source (surface and profile observations, radar and
satellite observations). This tool feeds a Decision Support System (DST), to provide detected and
forecast hazard information along the flight route (Task 3.3). The assimilation tool is used in a rapid
update cycle (at least launched every 1 hour), designed to produce quick, short-term, weather
forecasts using the most currently available observations. The periodically updated forecasts allow to
evaluate the effect of updating the weather forecasts, according to the nature, number, and availability
of meteorological observations.
Finally, a framework for the evaluation of the risk associated to the different operations at the airport
areas due to local climate conditions is introduced. The risk methodology is, more specifically, based
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on the hazard evaluation through local climate indicators tailored on the specific features of the
airports location and using high-resolution climate information (Task 3.4).
The modules described in this deliverable complete the description of the "Development of a
comprehensive multi-scale (from the global to micro) multi-pollutant air quality system" (AQS), one of
the solutions proposed through this project.
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1 Introduction
The activities described in this deliverable complete the presentation of the first solution,
“Development of a comprehensive multi-scale (from the global to micro) multi-pollutant air quality
system” (AQS), proposed through the project. Part of the components of this solution have already
been illustrated in deliverable D2.1, “Aviation impact on local environment and long term & global
phenomena” [51]. This deliverable supplements the AQS solution with modules concerning the
description of dispersion phenomena at the micro-scale and the ensemble numerical weather
predictions (EWP and NWP) of atmospheric conditions.
The module concerning the description of dispersion phenomena at the micro-scale assumes a
particular importance when an airport is located near densely populated areas or within a city. In such
a case, the population living in the vicinity of the airport may be potentially affected by non-negligible
levels of pollution that may even increase within the urban canopy, characterized by the presence of
buildings and road canyons. While normal landing and take-off procedures are optimized along routes
that ensure flight safety as a priority and minimize the impact (especially noise) on nearby areas, air
traffic management must also verify the impact of emissions on the population residing in the vicinity
of the terminal. It is therefore interesting to extend the local-scale study already carried out in
deliverable D2.1, to provide more detailed information at the very fine spatial scale. In this regard, a
tool has been developed for the simulation of pollutants’ dispersion on the microscale, that is for a
simulation considering a resolution of the order of a few meters, to study the impact of emissions. For
demonstration purposes, this tool was applied to the Capodichino airport (Naples) under realistic
conditions, including the district located north of it, i.e. the densely populated urban area around the
Naples’ airport.
The importance of high-resolved data is also highlighted by the application of the global-scale SILAM
model to the European region, where we investigate how much the high-altitude emission contribute
to surface level concentrations, separately accounting for the landing/take-off and cruise emissions on
the surface-level concentrations.
In the aviation context, meteorological phenomena such as wind and turbulence, fog visibility,
aerosol/ash loading, ceiling, rain and snow amount and rates, icing, ice microphysical parameters,
convection and precipitation intensity, microbursts, hail, lightning, may influence the aviation
operations. Many weather services around the world are employing ensemble forecast techniques for
large-scale, coarse-resolution (30 km or larger grid spacing), medium- (2-10 days) and long-range
weather and climate prediction purposes. Such an approach, so far, has not transitioned into
operational, high-resolution (less than 10 km grid spacing), short-range (within a few hours) meso- and
storm-scale ensemble weather forecasting, which is essential for aviation applications. In this
exploratory research project, the AQS solution is augmented with a numerical weather prediction
(NWP) system feeding a Decision Support Tool (DST) with weather information. The aim is to provide
medium and short-range forecasts that can be used to provide weather information at different scales.
Moreover, the NWP system is embedded in a 3D/4D variational framework, designed to exploit highresolution local observations.
Some of the modules of this solution will be also embedded into the second solution proposed by this
project, “framework for Weather Avoidance for extended ATC planning” (WAAP), with the purpose
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to develop a methodology which allows to optimise aircraft trajectories in the tactical phase, including
air quality and climate impacts as additional criteria.
The protection of critical infrastructures from disasters due to extreme weather phenomena must be
a priority task for all countries, having a duty to implement a series of adaptation strategies to limit
the risks associated with these events. A first step is the identification of relevant climate change
projections over the XXI century and their potential impacts on airport infrastructures. In this work,
data provided by a global climate model have been downscaled at high resolution by means of a
regional climate model and have been analyzed over the Naples Capodichino airport under two
different IPCC (Intergovernmental Panel on Climate Change) scenarios, in order to obtain preliminary
insights on the expected climate change for this area.
The following chapters describe in more detail these activities and solution. First, in Chapter 2 the main
characteristics of the AQS solution are recalled. Next, in Chapter 3 the high-resolution modelling
system is introduced and applied to the selected test case to demonstrate the potential of this
approach. Analogously the global-scale SILAM model is downscaled to the European region (Chapter
4) to study at a higher detail the impact of aviation emissions on the troposphere and lower
stratosphere from the LTO (Landing and Take-Off) and cruise phases. In Chapter 5 the implementation
of the NWP system, feeding a DST, is designed. Finally, in Chapter 6, a framework for the evaluation of
the risks associated to the different operations at the airport areas due to local climate conditions is
described using high-resolution climate information.
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2 The CREATE AQS solution
This section describes the CREATE solution “Development of a comprehensive multi-scale (from the
global to micro) multi-pollutant air quality system” (AQS), whose aim is to present a methodology
which allows to establish a complete assessment of the environmental impact of emissions from the
aviation sector in the widest possible way, ranging over the various spatial and temporal scales of
interest on which the dispersion processes of atmospheric pollutants occur. A comprehensive
assessment of the environmental aspects of flight movements is of increasing interest to the aviation
sector as a potential input for developing sustainable aviation strategies that consider both climate
and air quality issues. However, comprehensive assessments of these environmental aspects do not
exist yet.
This section contextualizes the CREATE solution within the activities described in this and in previous
deliverables. First, we recall the tools and methodologies that are available for the assessment of the
environmental impact of ATM operations and then introduce a high-level description of our solution,
highlighting the potential advantages from this solution.

2.1 State of the art and background
Starting from 2000s, EUROCONTROL has developed a series of models to support its Member States
and, by extension, the entire aviation community, in estimating the magnitude of the environmental
impacts that current or future air traffic movements might have. Since then, these models have been
significantly improved upon as knowledge of aviation and environment modelling has grown and
computing technologies have evolved. The current environmental impact assessment tool suite of
EUROCONTROL is composed of three main models: AEM, Open-ALAQS, and IMPACT.
The advanced emission model (AEM) is a stand-alone application that estimates aircraft emissions and
fuel burn. This application estimates the mass of fuel burned by the engines of a specified type of
aircraft with a specified type of engine flying a given 4D trajectory, and the corresponding masses of
certain gaseous and particulate emissions which are produced by the burning of that fuel.
AEM interfaces with the ICAO aircraft engine emissions databank (AEED) for turbofan and turbojet
engines, combined with the FOCA (the Swiss Federal Office of Civil Aviation) databank for pistons (and
potentially FOI, the Swedish Defence Research Agency, for turboprops), providing the emission indices
and fuel flow for a very large number of aircraft engines for both the LTO (Landing and Take-Off) phases
of operation (taxi-out, taxi-in, take-off, climb-out, approach and landing) and during the climb, cruise,
descent phases of flight.
The gases whose masses can be estimated include carbon dioxide (CO2), water vapor (H2O), nitrogen
oxides (NOx) and sulphur (SOx), unburnt hydrocarbons, carbon monoxide (CO), volatile organic
compounds (VOCs), and other organic gases. The emissions for the H2O and CO2 pollutants are a direct
result of the oxidation process of the carbon and hydrogen contained in the fuel with the oxygen
contained in the atmosphere. The SOx emissions depend directly on the sulphur content of the fuel
used. All three are directly proportional to the amount of fuel burnt. The mass of volatile organic
compounds (VOCs) and other organic gases are proportional to the mass of unburnt hydrocarbons
(HC) produced. Particulate matter (PM) emissions result from the incomplete combustion of fuel. AEM
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can be applied on a flight-by-flight basis, for air traffic scenarios of almost any scope, from local studies
around airports to global aircraft emissions.
Alongside AEM, EUROCONTROL has developed Open-ALAQS. Open-ALAQS performs a fourdimensional inventory of emissions in which both the emissions from airport sources, such as aircraft
operation activities, and the emissions from aircraft and non-airport sources, e.g. those from car traffic
to/from the airport, are calculated, aggregated and subsequently displayed for analysis. Once the
inventory of emissions has been established, pollutant concentrations at the airport and in its
surrounding area can be calculated over a given period of time using dispersion modelling (provided
by AUSTAL2000, a Lagrangian Particle Dispersion model developed by the German Federal
Environmental Agency). Open-ALAQS is developed as a plugin to an open-source geographic
information system (QGIS), which simplifies the definition of the various airport elements (runways,
taxiways, buildings, etc.) and allows the spatial distribution of emission concentrations to be visualized.
IMPACT includes an aircraft trajectory calculator, which computes complete aircraft trajectories from
the departing to the arrival airport, along with engine thrust and fuel flow information and delivers
noise contour shape files, surface and population counts, estimates of fuel burn and emissions for a
wide range of pollutants, and gridded (i.e. geo-referenced) inventories of emissions within the landing
and take-off portion, as an introduction to further, more detailed, local air quality assessments.

2.2 The AQS concept
The two main elements of any air quality system are:
1. an emissions inventory, and
2. a dispersion model of pollutant concentrations.
An emissions inventory gives the total mass of different species of emissions released into the
environment and provides a basis for reporting, compliance, and mitigation planning.
The European Environment Agency (EEA) provides three methodological tiers for estimating emissions
from aviation1. All tiers, listed below, distinguish between domestic and international flights, which are
defined using criteria that apply irrespective of the nationality of the carrier.
The choice of methodology depends on the type of fuel, the data available and the relative importance
of aircraft emissions. All tiers can be used for operations using jet fuel, as relevant emission factors are
available for this fuel type. The data requirements for the different tiers are summarized below:
•

Tier 1 is based on an aggregate quantity of fuel consumption data (no distinction is made
between landing/take-off (LTO) cycles and cruise phase) multiplied by average emission
factors

https://www.eea.europa.eu/publications/emep-eea-guidebook-2019/part-b-sectoral-guidance-chapters/1energy/1-a-combustion/1-a-3-a-aviation/view
1
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•

Tier 2 is based on the number of LTO cycles and fuel use. Distinction is made between
emissions generated during the LTO and cruise phases of flight. Default or nationally-specific
emission factors could be used

•

Tier 3 methods are based on actual flight movement data, either for Tier 3A origin and
destination data or for Tier 3B full flight trajectory information.

The resource demand for the various tiers depends in part on the number of air traffic movements.
Tier 1 should not be resource intensive. Tier 2, based on individual aircraft, and Tier 3A, based on origin
and destination pairs, would use incrementally more resources. Tier 3B, which involves the use of
sophisticated models, requires the most resources. Emissions estimates for the cruise phase become
more accurate when using Tier 3A methodology or Tier 3B models (such as AEDT, AEM III, AERO2k,
FAST5 or other models).
An inventory can also be linked to pollution dispersion modelling, using the inventory as an input
element. Dispersion modelling follows emissions from sources to receptors, e.g. a sensitive building or
area, by modelling the atmospheric transport of the emitted pollutants and their resulting spatial and
temporal concentration and distribution. Depending on the pollutants being considered, the use of a
model that can account for the chemical reactions of the pollutants in the atmosphere and/or the
deposition of particles could be considered.
The combined approach of using emission inventories and dispersion modelling enables the
assessment of historical, existing and/or future pollutant concentrations in the vicinity of airports or
from individual emission sources, or to assess the impact of aviation emissions on climate, e.g.
chemical and radiative perturbations.
Dispersion modelling of pollutant concentrations usually refers to a computational procedure for
predicting concentrations downwind of a pollutant source, based on knowledge of the emissions
characteristics (source location and geometry, emission strength, etc.), terrain (surface roughness,
local topography, nearby buildings) and state of the atmosphere (wind speed, stability, mixing height,
etc.). The basic problem is to predict the rate of spread of the pollutant, and the consequent decrease
in mean concentration. The model must be able to predict rates of diffusion and reactivity based on
measurable meteorological variables such as wind speed, atmospheric turbulence, thermodynamic
effects, and chemical kinetics. The algorithms at the core of air pollution models are based upon
mathematical equations describing these various phenomena which, when combined with
meteorological and emission field data, can be used to predict concentration distributions downwind
of a source. Different types of dispersion models are available, from simple box type models to
complex fluid dynamics models, and what kind of model is selected depends on the suitability of the
different approaches to dispersion modelling within different environments, in regard to scale,
complexity of the environment and concentration parameters to be assessed.
To define the constraints to which a modeling system for the dispersion of atmospheric pollutants of
aviation interest must satisfy, the following elements have been considered:
1. Type of model - depending on the process, there are different types of models that can be
taken into consideration: Gaussian, Lagrangian, Eulerian. For each kind of model there are
well-known advantages and disadvantages. The choice of model type for the AQS must be
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2.

3.

4.
5.

6.

carefully selected to provide the most accurate description of atmospheric dispersion
processes
Scale and grid extension – aviation emissions can occur on very different scales and can be
spread all over the world. The AQS should be able to follow the fate of each chemical
compound on a multitude of scales: global, regional, local and micro, depending on the type
of chemical compound and the phenomena being considered, so it is important to use a
sufficiently large grid, from global to a few kilometers
Time and space resolution - not only the extension of the grid is important, but also the spatial
and temporal resolution, needed to capture the variability of dispersion phenomena that can
occur within a few minutes and meters, for example during approach and departure routes
from airport areas, up to time scales of the order of years on a global scale, such as the
dispersion of inert chemical compounds in the upper atmospheric levels
Types of sources - aviation emissions can vary according to the geometry of the source (areal,
linear or point). It is therefore important to be able to describe, in a mathematically and
numerically accurate mode, the different types of geometry
Pollutants - aircraft can emit gaseous species and particulate matter. It is therefore important
to be able to describe not only the interactions in the gas phase, but also all the physicochemical processes to which heterogeneous phases, i.e. particulate matter, are subject
(emission, coagulation, condensation, evaporation, deposition, ...)
Output frequency - depending on the grid and the resolution chosen, the dispersion
phenomena must be able to be described on different scales, ranging from seasonal/monthly
resolution for the global scale to 1 hour/few seconds for the micro-scale.

Considering these constraints, the following choices were made. The variety of spatial and temporal
scales led to the choice of dedicating specific models for the selected scale, distinguishing between
global/regional and local/microscale. For the global and regional scales, not only the impact on air
quality was taken into consideration, but also the disturbances that the emission processes have on
the climate system, i.e. greenhouse gas emissions, perturbation of the radiative balance. For the local
and micro-scale scale, particular attention was paid to the simulation of emissions processes near
airport areas. To this end, a mixed modelling approach, based on both Eulerian and Lagrangian models,
has been selected. This is because Eulerian models are naturally able to incorporate complex reaction
mechanisms and therefore the interaction between aircraft emissions and the background; on the
other hand, Lagrangian models work well for inhomogeneous and unstable mean condition in complex
terrain and are able to model the fine-scale features arising on the micro-scale, e.g. due to the
presence of buildings and/or obstacles.
The simulations on a global scale extended over a multi-decadal time window with at least seasonal or
monthly resolution, while for the local/micro scale a reference time window of one year was
considered sufficient for impact studies with a time resolution from one hour up to a few minutes for
the descriptions of detailed dispersion phenomena on the smallest scales.
The models took into consideration not only pollutants emitted directly, but also the chemical
transformations that they can undergo by reacting with themselves and with the background. To this
end, they included detailed simulation of all physico-chemical processes, i.e. chemical reactions and
particulate matter transformation processes.
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Figure 1. The global and regional-scale modules of the air quality system (top). The local and microscale modules of the air quality system (bottom).
The application of this framework led to the definition of a comprehensive multi-scale, multi-pollutant
air quality system (AQS, see Figure 1). This figure illustrates the modules combined within the AQS.
The system covers all scales, from the global- to micro-scale, encompassing through intermediate
regional and local scales, of interest for the impact of emissions from the aviation sector. The core of
the system is composed of the chemical and transport module, specifically designed to follow the
physical and chemical transformations of atmospheric pollutants (nitrogen oxides, carbon monoxide,
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sulphur oxides, volatile organic compounds, ozone, particulate matter, among others) on different
spatial scales, up to following the fate of emissions from each individual aircraft.

2.3 The global and regional-scale module
Long-term (climate) and global/regional phenomena are investigated by means of the SILAM (System
for Integrated modelLing of Atmospheric coMposition) atmospheric chemistry transport model. SILAM
can ingest meteorological and emission data from different sources and reproduce the transport and
chemical transformations of atmospheric constituents impacting on air quality. SILAM can directly
utilize the meteorological data from several NWP models and dynamically adjust pre-processing
routines in accordance with the availability and completeness of the input variables. Data sets used
operationally originate from the HIRLAM (High Resolution Limited Area Model), and European Centre
on Medium-Range Weather Forecast (ECMWF, http://www.ecmw f.int) models; an articulated system
takes into account the different emission sources (natural fires, biogenic and anthropic sources, desert
dust intrusions, maritime and aviation activities). Currently, the list of species handled by the SILAM
system includes radioactive nuclides, gas species, size-segregated aerosols, natural allergenic species,
and risk probabilities. Results from this system can estimate the impact, in terms of concentration
levels and radiative forcing, of atmospheric pollutants.
For demonstration purposes, in Deliverable D2.1 [51], SILAM was used to simulate the effects of the
distribution of the aircraft exhausts crossing the UTLS (Upper - Troposphere Lower Stratosphere) and
how aviation emissions influence the radiative forcing.

2.4 The local scale module
The AQS for local-scale simulations is based on the FARM (Flexible Air quality Regional Model) Eulerian
model. It takes the boundary conditions for chemical species from the SILAM model, and
meteorological data from WRF or RAMS simulations (driven by the ERA5 reanalyses). A prognostic
interface is used to interpolate the meteorological data from the WRF grid to the grid used by FARM
and derive all the meteorological- dependent data needed to simulate the dispersion phenomena of
air pollutants.
Physical and chemical processes influencing the concentration fields within the modelling domain are
described in FARM, including the reactions of all compounds of atmospheric interest: volatile organic
compounds (VOCs), nitrogen oxides (NOx), ozone and secondary organic aerosols and an aerosol
module that treats particles dynamic and their interaction with gas-phase species.
In Deliverable D2.1, FARM was applied for a one-year long simulation, covering the Campania Region
and a target area including the Naples conurbation (and its airport area) with two nested domains. For
this demonstration action, the emissions, available at province level, have been disaggregated at
municipal level through activity-based proxies and supplemented by local information concerning
industries, road, maritime and aviation traffic. Further, an additional domain was nested and centered
on the Capodichino airport, for which air-traffic related emissions are reconstructed following the Tier
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3B method, i.e. using the full-flight trajectories from all aircrafts arriving or departing from this airport
during the 2018 reference year.
The Eulerian FARM model was supplemented with the LPDM (Lagrangian Particle Dispersion Model)
Spray, used to follow the dispersion from the actual flight trajectories, using the detailed emission
database. It is widely known that Lagrangian models work well for inhomogeneous and unstable mean
condition in complex terrain and can overcome some of the limits of Eulerian models, i.e. they are able
to model the fine-scale features and correctly reproduce the turbulent dispersion phenomena in
complex geometric conditions, since they are not limited by the use of a reference grid. In Deliverable
D2.1, the Spray model was used to reproduce the dispersion phenomena on a very fine scale, with a
250 m resolution, modelling the impact of aircraft trajectories around the Capodichino airport.

2.5 The micro-scale module and the numerical and ensemble
weather prediction module
In this deliverable the AQS solution is further expanded to show its potential applications, as described
in the next chapters. First, the local-scale suite is augmented with a micro-scale module, to simulate
the dispersion processes at a very fine scale. In this regard, a tool (micro-SPRAY) has been developed
for the simulation of pollutants’ dispersion on the microscale, that is for a simulation considering a
resolution of the order of a few meters. For demonstration purposes, this tool was applied to the
Capodichino airport (Naples) under realistic conditions, including the district located north of it, i.e.
the densely populated urban area around the Naples’ airport. The results of this application are shown
in Section 3.
The importance of high-resolved data is also highlighted by the application of the global-scale SILAM
model to the European region, where we investigate how much the high-altitude emission contribute
to surface level concentrations, separately accounting for the landing/take-off and cruise emissions on
the surface-level concentrations (Section 4).
The meteo-module is further expanded, including an ensemble weather prediction system, coupled
with a data assimilation module (Section 5).
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3 High-resolution local model assessment
3.1 Introduction
One of the aims of a microscale dispersion simulation is to include the effects, on the atmospheric
mean flow and turbulence, of the buildings or obstacles which are explicitly considered at the target
resolution. Many numerical methods are available to achieve this result; among many others, the use
of a Lagrangian particle stochastic modelling approach gives satisfactory results and represents a
compromise between simple Gaussian models and advanced Computational Fluid Dynamics (CFD)
models involving the solution of the Navier-Stokes equations (see for example [1,2,3]), properly
accounting for complex flows in built-up configurations. Lagrangian models simulate the dispersion of
the airborne pollutant through virtual computational particles, each representing a small amount of
the mass of the released substance. Their mean motion and diffusion are determined by the local wind
and by the velocities obtained as solution of Langevin stochastic differential equations, able to
reproduce the statistical characteristics of the turbulent flow. In this context, the Micro-SWIFT-SPRAY
modelling system (MSS, [4,5]) and its parallel version (PMSS [6]) have been developed with the aim to
provide a simplified, but rigorous solution of the flow and dispersion in industrial or urban
environments in a short amount of time.
PMSS is composed by the Parallel version of the SWIFT mass-consistent, diagnostic flow model, and of
the SPRAY Lagrangian Particle Dispersion Model. These models can reconstruct the flow, turbulence,
and dispersion at the microscale, considering both a horizontal resolution of few meters and explicitly
representing the structure of the buildings and their effects on the flow and dispersion on the target
grid. The PMSS modelling system, represents the microscale version of the same suite of numerical
codes used to reconstruct the dispersion around the Naples Capodichino airport of the aviation
activities at local scale, in the frame of Task 2.1 of the WP2.
The use of such a sophisticated modelling system, involves also a more precise description of the
spatial and temporal structure of the emissions coming from the possible pollutant sources,
represented by the airplanes during a typical operating cycle of an airport, considering them as moving
sources at their exact position in time and space.
With this specific activity, the aim is to check the possible advantages and differences involved in the
use of a more sophisticated and detailed modelling methodology to assess the impact of the aviation
activities around an airport on the population living in its proximity, with respect to more consolidated
methodologies involving local scale modelling approaches. A specific period has been simulated
considering both meteorological and emission conditions potentially critical for the population living
around the Capodichino airport.
The work has been conducted following the different phases resumed by the following points:
•

identification of the computational domain;

•

Integration of the needed territorial information at the microscale;

•

identification of a meteorological/emission period of interest
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•

meteorological reconstruction;

•

emission reconstruction;

•

dispersion simulations;

•

analysis of results.

The following paragraphs describe in more detail these different activities.
Finally, it is worth noting that this study represents a possible example of the application of such
modelling techniques, the methodology itself can be easily replicated for different airports if the input
data described in the following chapters are available. Some of the results can, to a certain extent, also
be extrapolated for other sites even if they are mainly characteristic of the specific territorial situation
under study.

3.2 Identification of the computational domain
The computational domain should mainly consider the specific positioning of the airport in relation to
the populated territory around. In the specific case of the Naples Capodichino airport, the main
characteristics of the area around the airport itself are described in Figure 2. In this image, the airport
area is located in the center. There are obviously some densely populated areas around the airport. In
particular, the one located north-west and north of the airport, which represents the northernmost
district (Secondigliano) and one of the most densely populated in the municipality of Naples. Here the
buildings closest to the airport are located at less than 500 m from the take-off/landing runway axis
(as indicated by the red arrow in Figure 1). Other residential districts of the city are in the southwest
and southeast of the airport area, but at greater distances from its main runway. The entire territory
is almost flat, except for the Capodimonte hill located west of the airport. However, this region is less
populated and relatively far from the airport, perhaps affected by the passage of aircrafts at higher
altitudes during landing or take-off manoeuvres.
The main attention of the simulation set-up is hence concentrated on the district located north of the
airport that must be included as much as possible into the computational domain together with the
airport area, where the main emission sources are taking place.
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Figure 2. Aerial photo of the territory around the Naples Capodichino airport. The red arrow indicates
the buildings closest to the airport area, located at less than 500 m from the take-off/landing runway
axis.
To guarantee a reasonable trade-off between the required CPU time and the detail of the modelling
system description, a 2 x 2.5 km2 area around the airport has been identified as the horizontal
computational domain for the microscale simulations. Figure 3 illustrates the area (rectangle in red) of
the chosen target domain. Here a large part of the urban district located north of the airport is
included, together with the airport area and the main runway in the domain centre. The eastern part
of the airport area is excluded from the domain. Since the impact of the emissions coming from the
aviation activities inside the airport area close to the considered urbanized district must be considered,
this exclusion does not represent a substantial problem. To consider the emissions of both the
airplanes moving at the ground and those approaching/climbing out within the horizontal domain, a
500 m vertical extension of the computational domain above the ground level is considered, including
the entire airplane trajectories along the vertical.
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Figure 3. Horizontal extension of the computational domain, represented by the rectangle in red.

3.3 Integration of the needed territorial information at microscale
A microscale flow/dispersion simulation should provide the output at a very high resolution to
explicitly describe the presence and the effects generated by the building/obstacles. The main input is
therefore a reliable description of the structure and features of the buildings. For the specific case of
the Naples Capodichino airport area, a database directly elaborated by UNIPARTH was made available,
containing the buildings structures. This database was provided as a shapefile, representing in vector
form the ground perimeter of each building described by polygons, and extruded vertically according
to the heights from the ground defined by the attributes associated with the polygons. Figure 4
illustrates a detail of a 3D view of the buildings (represented in light green) extracted from the
UNIPARTH shapefile in the proximity of the north-western sector of the airport.
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Figure 4. Example of a 3D representation of the building structure derived from the UNIPARTH
shapefile.
This building structure must be translated into the modelling system in a discretized form, considering
a suitable horizontal and vertical resolution. In the microscale simulation considered for this work, a
horizontal resolution of 5 m is used, which represents a trade-off that limits the number of
computational meshes to a reasonable level, while still allowing a good representation of both
obstacles and their impact on the flow.
The task of assimilation the effects of buildings on the target grid is performed by the PSWIFT
meteorological code. The vector representation is projected by this code on the target grid and the
obstacles are represented through filled cells of the grid itself, which are a boundary condition for the
flow. Figure 5 Illustrates an example of how the buildings are represented in a discrete form into the
PSWIFT model compared to the corresponding vectorial representation in the original shapefile. Some
effects of the discretization at the target resolution are present but the overall representation of the
buildings is satisfactory.
Along the vertical, the discretization is not homogeneously distributed; we considered a Dz of 1 m at
the ground level up to 10 m above, to allow a better representation of both the buildings and the wind
structure generated by them and increasing Dz at higher levels, up to the 500 m level at the top. A
total number of 27 vertical levels is considered. The 2500 x 2000 x 500 m3 computational domain
results to be discretized by a total number of 501 x 401 x 27 = 5424327 nodes where the meteorology
is reconstructed by the PSWIFT model to drive the dispersion simulation by the PSPRAY Lagrangian
Particle code.
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Figure 5. Example of the comparison between the discretized representation of the buildings at the
target 5 m horizontal resolution (top) and the vectorial representation from the original shapefile
(bottom).

3.4 Identification of the meteorological/emission period of interest
3.4.1 General considerations
In the specific situation of the Naples Capodichino airport and its related aviation emissions, some
considerations must be done for the choice of the simulation period. The first one concerns the
position of the main urbanized region close to the airport area. Being this region located north to the
airport, unfavourable meteorological situations are those characterized by an atmospheric flow
blowing from the airport area to this populated district. On the other hand, the conditions that
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generate in principle the most critical situation are those in which the emitting sources are as close as
possible to the same area.
The annual local-scale simulation conducted under Task 2.1 provided a complete dataset of 3D
weather fields generated by the WRF model at a horizontal resolution of 1 km over a target area
encompassing the microscale simulation domain. The atmospheric flow conditions needed to initialize
the microscale simulations can be retrieved from this dataset for any target period during the year
2018. The air quality simulations made available a complete dataset of the aircraft movements,
produced by the flight recorder data of Naples Capodichino airport, and including both departures and
arrivals. This allows the choice of the simulation period suitable for the purpose, considering the worst
situations for the position of the emitting sources with respect to the populated area of interest. Both
the meteorological conditions and the emission conditions must be satisfied, summarized graphically
in Figure 5. In this figure, the arrows represent the flow conditions at the ground, moving the pollutants
emitted by aircrafts towards the inhabited area north of the airport. As for the emission sources, the
choice should mainly concern take-offs towards the west, characterized by strong emission flows to
the ground during the acceleration phase of the aircraft on the portion of the runway located closest
to the inhabited neighbourhoods as indicated in the Figure 5. This direction is not the usual one for
take-offs at Naples Capodichino airport, but a significant number of cases of this type occur during the
year, especially in case of bad weather.
After a joint analysis of the meteorological and emission datasets, a specific period has been identified
encompassing all the desired characteristics. This one-hour period is on 5/5/2018 from 09:00 to 10:00
local solar time. Both the meteorological and emission conditions occurred during this period are
described in detail in the two following subparagraphs.

Figure 6. Graphical schematization of the meteorological and emission conditions to be searched
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3.4.2 Meteorology
During the period from 09:00 to 10:00 (local solar time) of 5/5/2018, the wind field close to the ground
showed the behaviour indicated in Figure 7 and Figure 8. The arrows in these figures represent the
wind speed and direction generated by the WRF meteorological simulation on the target area. The
wind direction clearly indicates a north-westerly flow at 09:00 and then rotates northwards at 10:00.
The wind intensity is relatively low, with values between 1.5 and 2.5 m/s. This situation tends to
transport the pollutant emitted inside the airport area towards the populated district located north of
it, representing a potentially critical air pollution condition.

Figure 7. Detail of the wind field at ground generated by the WRF meteorological model on the target
area at 1 km horizontal resolution. 5/5/2018 09:00
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Figure 8. Detail of the wind field at ground generated by the WRF meteorological model on the target
area at 1 km horizontal resolution. 5/5/2018 10:00

3.4.3 Flights
During the period 09:00 – 10:00 of 5/5/2018, six take-offs towards the west were identified, together
with twelve landings from the east. The trajectories followed by each airplane are graphically
illustrated in Figure 9 for airplanes taking off towards the west and in Figure 10 for airplanes landing
from the east. For each airplane different phases are separately considered, as indicated in these
figures by different colours. In particular, the taxi-out/taxi-in (green segments), takeoff/landing
(orange segments) and climb-out/approach (red segments) phases are considered. For each of these
phases, different emission flows are considered, as detailed in paragraph 3.6.
The timetables of take-offs and landings during the considered hour are represented in Table 1.
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Table 1. Timetables of the take-offs and landing during the 09:00-10:00 time interval of 5/5/2018
Time
Time
Takeoff number
Landing number
(hh:mm:ss)
(hh:mm:ss)
1
9:00:21
1
9:01:21
2
9:01:38
2
9:06:53
3
9:10:49
3
9:12:59
4
9:20:31
4
9:16:11
5
9:39:48
5
9:24:18
6
9:43:18
6
9:28:58
7
9:28:58
8
9:32:30
9
9:42:30
10
9:47:42
11
9:54:09
12
9:57:32
A total movement of 18 airplanes (take-offs and landings) in one hour is considered, that means one
airplane every about 3.5 minutes on the average, representing a situation of strong traffic, for the
Naples Capodichino airport. This average time interval between consecutive flights suggests adopting
a time resolution for the computation of concentrations of the same order of magnitude (5 minutes).

Figure 9. 3d view of the typical trajectories followed by airplanes taking off towards the west in their
different phases, from taxi (green) to climb-out (red)
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Figure 10. 3d view of the typical trajectories followed by airplanes landing from the east in their
different phases, from approaching (red) to taxi-in (green)

3.5 Meteorological reconstruction
The PSWIFT diagnostic meteorological code has been used to reconstruct the wind flow and the part
of the turbulence generated by the flow distortion induced by the obstacles on the target domain at
the horizontal and vertical resolution described in paragraph 3.3. The code is fed by the wind profiles
generated at larger scale by the WRF simulation located inside the computational domain and the wind
fields at microscale are generated taking into account the effects of the obstacles/buildings, as
illustrated by an example in Figure 11 for the entire domain and in Figure 12 for a zoomed area in the
north western part of the domain corresponding to the urbanized district at 09:00 of 5/5/2018. The
two wind fields at 09:00 and 10:00 of 5/5/2018 are reconstructed by the PSWIFT code
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Figure 11. Example of streamlines of the ground level flow generated by the PSWIFT code at 09:00 of
5/5/2018, all the domain.
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Figure 12. Detail of the streamlines of the ground level flow generated by the PSWIFT code at 09:00 of
5/5/2018 in the populated district north to the airport.
These figures confirm the presence of a flow transporting the potential emissions coming from the
airport towards the populated district and highlight the flow complexity in the region characterized by
high building density, with many recirculation cells and potential street canyon confinements.
The background turbulence characteristics representing the development of a larger scale boundary
layer, are directly taken from the output available from the meteorological simulation at local scale.
Values for the friction velocity u*, the Monin Obukhov length L, the heigh of the mixing layer Hmix and
the convective velocity scale w* are represented in Table 2, indicating the presence of unstable
convective conditions during the considered time interval.
Table 2. Boundary layer turbulence scaling variable during the simulated period
u*
L
Hmix w*
time
m/s
m
m
m/s
09:00
0.276
-12.56 1091 1.69
10:00
0.323
-16.26 1468 1.99
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3.6 Emission reconstruction
As already introduced in the previous paragraph, the emissions from a total number of 6 airplanes
taking off and 12 airplanes landing were taken into account during the considered period. This comes
from the real situations of the flights taking place during the same period. The destinations of the 6
considered flights are illustrated in Figure 13

Figure 13. Destinations, starting from the Naples Capodichino airport, of the 6 flights taking off in the
interval 09:00 – 10:00 of 5/5/2018.
For all the airplanes, the trajectory (position x,y,z and velocity) has been reconstructed from the flight
ID 8965 A320 to Roma Fiumicino leaving the parking position at 9:01:38. This choice was due to the
availability of detailed radar information for this flight allowing a detailed description of the typical
movements along the runways. For all the other flights taking off, it was supposed the same trajectory,
considering as starting time the instant when the airplane left its parking position. Four phases have
been taken into account into the target computational domain, corresponding to:
•

taxi out (slow movement from the parking position to the position at the head of the takeoff
runway);

•

take off (acceleration phase to reach the climb out velocity);

•

climb out (first phase of the ascending trajectory).

Figure 14 represents the schematic trajectories followed by all the airplanes taking off. In particular,
the segments going from point A to point E belong to the taxi phase and are travelled at a low velocity,
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the segment from E to E’ belongs to the take-off phase and it is travelled at higher velocity. All these
segments are close to the ground and parallel to the surface. Segments starting from E’ belong to the
climb out phase and are travelled diagonally in the vertical direction following the climbing direction
at high speed.

Figure 14. 2D X-Y projection of the trajectories followed by the airplanes taking off.
For what concerns the landings, a similar methodology has been applied, considering the following
phases:
•

approaching (descending phase before the touch down on the runway);

•

landing (deceleration phase after the touch down on the runway);

•

taxi-in (slow movement from the end of the landing phase to the final parking position).

This leads to the trajectories illustrated in Figure 15. All the airplanes are supposed to follow the same
trajectory at their scheduled time. Segment from point H to point I represents the approaching phase,
segment from I to J represents the landing phase and all the other segments are travelled during the
taxi phase.
Emission flows for NOx, SO2, CO, HC, C6H6 and PM2.5 have been computed for each phase, considering
the average velocity of the airplane, using the AEM (Advanced Emission Model).
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Figure 15. 2D X-Y projection of the trajectories followed by the airplanes landing.
From the modelling point of view, a very detailed methodology was followed to assign the emissions
as close as possible to the real airplane position. A time frequency of one second was considered for
the emissions and the position of the source was exactly the section of the trajectory travelled during
each second. This means that “moving” sources have been considered, which continuously and
entirely fill the trajectory followed by the aircraft second by second. Obviously, when the aircraft has
a higher speed, the corresponding trajectory section, where the emission occurs, is proportionally
longer. The dynamics of the emitted jet is simply parameterized by considering a transverse dimension
around the centre of gravity of the trajectory proportional to the speed of the aircraft, to consider the
turbulence generated by the injection of the jet itself into the atmosphere.
Finally, the emission flows for each considered pollutant and for each phase calculated by the AEM
and the airplane speed are resumed in Table 3.
Table 3. Emission flows of the airplanes in the different phases for the considered pollutants.
Airplane
SO2
HC
C6H6
PM2.5
Phase
NOx g/h
CO g/h
average speed
g/h
g/h
mg/h
g/h
m/s
Taxi-out
1.203
0.215
3.182 0.0268 0.523 0.0404
3.94
Takeoff
55.81
1.769
1.116 0.0864
1.69
0.342
85.1
1.41
0.415
108.95
Climb out
39.248
1.478
1.091 0.0722
0.039
0.764
0.131
71.70
Approach
5.678
0.536
1.557
0.039
0.764
0.131
34.93
Landing
5.678
0.536
1.557
3,94
Taxi-in
1.203
0.215
3.182 0.0268 0.523 0.0404
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3.7 Dispersion simulation
The PSPRAY Lagrangian particle dispersion model was used to reconstruct concentration fields of the
pollutant emitted by the aviation activities described in the previous paragraph. Ground level
concentration fields are collected at the frequency of 5 min, counting particles inside cells of a 5 x 5 x
3 m3 grid adjacent to the ground level. This relatively long average time, compared to the typical
average time of 1 h considered in the air quality guidelines, is used to represent the rapidly varying
temporal trend of concentrations due to the large variations in emissions generated by take-offs and
landings that occur. during the simulated hour. Starting from the 5 min concentration samples, the
hourly average concentrations on the ground are then calculated, to be compared if necessary with
the legislation limits.

3.7.1 Concentrations at high frequency
An example of the rapid change in concentrations over time is illustrated in the sequence of figures
from Figure 15 to Figure 20, which represent the 5-minutes average NOx concentrations at ground
level during the simulated hour. The temporal variation of the concentration fields is evident, with
situations showing increasing or decreasing values that strongly depend on the temporal modulation
of the emission during the average interval. Larger values are generated near the main take-off/landing
runway, but large values are also present around the taxi lanes. Maximum concentrations can be even
higher than 500 µg/m3, with an absolute maximum of about 1100 µg/m3 at 9:30 located in the taxi-in
lane at the end of landing in the western part of the airport.
The guideline of 500 µg/m3, which does not represent any binding legal limit, has been derived starting
from the international industrial hygiene limit of 1800 µg/m3 as a 15 minutes NO2 concentration
(NIOSH STEL2), according to the following formula, normally adopted in the practice of air quality
management when a correspondent legislation limit is not stated:
GL ≈ STEL * kat * kaa * kfp
Where: GL is the adopted guideline;
STEL (Short-Term Exposure Limit) is the industrial hygiene concentration limit for short term exposure
(15 minutes);
kat is a correction coefficient (= 15min / 5min = 3) to account for the difference between the simulation
resolution and STEL exposure times;
kaa is a correction coefficient (= 8h / 24h = .33 in this case) to account for the different exposure risk
times between a generic worker on his workplace and a resident potentially living close to the pollution
source 24h per day;
kfp is a correction coefficient (= 1 / 2 = 0.5 in this case) to account for a more protection need to
exposure of fragile people like such as infants, elderly, or sick people.

2

https://www.cdc.gov/niosh/docs/2003-154/pdfs/6014-1.pdf

Founding Members

28

D3.1 LOCAL AND REGIONAL MODELS INTEGRATED WITH
WEATHER AND CLIMATE INFORMATION

Normally, a prudential value for kfp is 0.1. Here a value five times higher was chosen to account for the
fact that the STEL is stated for NO2 that represents roughly only the 20% of total NOX when the
concentrations are high (Figure 25).
The values shown in the figure represent high concentration levels compared with the peak legislation
limit of 200 µg /m3 for hourly averaged NO2 concentrations, but both the short averaging time and the
fraction of NO2 in total NOx must be taken into account. Maximum values are located very close to the
emissions, where a large part of the total NOx contains a large part of NO. For what concerns the
impact on the populated area north of the airport, this part of the domain is interested by maximum
concentrations of the order of 100 µg/m3 for the 5 min average NOx concentrations, a non-negligible
level although not extremely high.
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Figure 16. Ground level 5 min NOx average concentration fields, 09:05:00 (top) and 09:10:00 (bottom),
5/5/2018
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Figure 17. Ground level 5 min NOx average concentration fields, 09:15:00 (top) and 09:20:00 (bottom),
5/5/2018
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Figure 18. Ground level 5 min NOx average concentration fields, 09:25:00 (top) and 09:30:00 (bottom),
5/5/2018
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Figure 19 Ground level 5 min NOx average concentration fields, 09:35:00 (top) and 09:40:00 (bottom),
5/5/2018
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Figure 20. Ground level 5 min NOx average concentration fields, 09:45:00 (top) and 09:50:00 (bottom),
5/5/2018
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Figure 21. Ground level 5 min NOx average concentration fields, 09:55:00 (top) and 10:00:00 (bottom),
5/5/2018

3.7.2 Hourly averaged concentrations
In this paragraph, ground level concentrations for the different pollutant species considered in the
simulations are illustrated at the typical 1 h averaging time, allowing a better comparison with the
limits stated by the current European legislation on air quality.

Founding Members

35

D3.1 LOCAL AND REGIONAL MODELS INTEGRATED WITH
WEATHER AND CLIMATE INFORMATION

3.7.2.1 NOx
Figure 22 illustrates the 1 h average ground level concentrations for NOx, due to all the aviation
activities included in the simulation. The reference value for this species is 200 µg/m3 for the hourly
average NO2 concentration that must not be overcome for more than 18 times during the year.
The results confirm the presence of an area with high concentrations exceeding 200 µg/m3, mainly
confined around the trajectories followed by the airplanes, with a larger impact close to the zone of
the taxi-in phase in the western part of the domain. A maximum of 475 µg/m3 is located southwest to
the take-off runway, generating a plume that tends to extend towards the populated area in the northwestern part of the domain. This extension is partially mitigated by the presence of some buildings
located internally to the airport area. The buildings closer to the airport are interested by
concentration levels of the order of 40-50 µg/m3 while the main part of the populated district is instead
affected by concentrations of the order of 10-20 µg/m3.

Figure 22. Hourly average NOx ground level concentration field – 5/5/2018 10:00
It is of interest to split the NOx concentration between the different emission phases, to see how and
how much each phase contributes to the total. This splitting is easily feasible with the adopted model,
Figure 23 and Figure 24 illustrate the contribution of the phases related to take-offs and landings
respectively, to the total NOx 1 h average concentration in the simulated hour.
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Figure 23. Hourly average NOx ground level concentration field, contribution of taxi-out (top-left),
take-off (top-right) and climb-out (bottom) – 5/5/2018 10:00

Figure 24. Hourly average NOx ground level concentration field, contribution of approach (top-left),
landing (top-right) and taxi-in (bottom) – 5/5/2018 10:00
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For what concerns the phases related to take-offs, the main contributor is related to the take-off
acceleration phase, giving concentration levels of the order of 150 µg/m3 adjacent to the main runway,
following the direction of the wind flow. The taxi phase, although characterized by a significantly lower
NOx emissions (see Table 3), shows a contribution of the same order with higher maximum values,
albeit with a smaller spatial extension, mainly located near the taxi runway. This is due to the low speed
of the airplane, that tends to accumulate the pollutants compensating for the lower emission. The
climb-out phase shows a not negligible but more limited contribution to the ground, confirming that
the rapid departure of the trajectory from the ground represents an evident mitigation effect.
The phases related to landing follow a similar behaviour in reverse order, the approach gives the least
contribution, similar to the climb-out, although with a relatively greater spatial extension due to the
less steep trajectory slope which leads to a longest part closest to the ground. The greatest
contribution for NOx is given by the taxi-in phase, with more than 450 µg/m3, characterized by the
lower average speed of the aircraft, generating a strong accumulation of the pollutant around the
trajectory. Regarding the inhabited district, the greatest contributions come from the take-off (mainly),
landing and taxiing phases, even if the latter contributes only on a relatively limited area. The complex
structure of the district constitutes a sort of barrier to the pollutant, limiting or partially mitigating its
penetration into the internal part.
Air quality standards usually refer to NO2 concentration values, which is the most toxic component
present in the NOx mixture. Although the modelling system only considers NOx, to compare the
calculated concentration with the reference values, it would be more correct to estimate the NO2
values starting from those of NOx.
In general, the atmospheric NOX mixture is constituted by two main compounds: NO (nitrogen
monoxide) and NO2 (nitrogen dioxide). The percentage of each one of them varies according to the
site, the meteorology, and the distance from the main sources. Besides, NO continuously transforms
into NO2 due to solar radiation and the presence of ozone, and the inverse transformation is performed
as well until a stationary state is achieved. The distance from the sources is an important parameter
because the percentage of NO (the main compound produced by high temperature combustion) in the
NOx mixture is close to 90% and rapidly decreases as the plume is transported away. Measured
concentration values of NOX in monitoring stations contains generally a percentage of NO between
25% and 75%.
The method considered to obtain NO2 concentrations from NOX makes use of an empirical relationship
based on the analysis of historical series of NO2/NOX data obtained from measurements from local air
quality stations, representative of the situation around the airport. Due to the unavailability of such
measurements (local stations of the air quality network give only NO2 values), we used the NO2/NOX
data obtained from the annual simulations using the FARM Chemical Transport Model, performed to
evaluate the airport contribution at the regional scale in the frame of the WP 2.1. These time series,
extracted at points corresponding to the position of selected air quality station currently active, allow
to calculate the coefficients of an interpolating curve (Derwent and Middleton, 1996, FAIRMODE
report3) which determines the hourly average values of NO2 once the values of the NOX concentrations
are known.

3

http://acm.eionet.europa.eu/reports/ ETCACM_TP_2011_15_FAIRMODE_guide_modelling_NO2

Founding Members

38

D3.1 LOCAL AND REGIONAL MODELS INTEGRATED WITH
WEATHER AND CLIMATE INFORMATION

Figure 2 shows the structure of the calculated interpolating curve, represented by the red line, while
the symbols in black represent the values modeled by the CTM FARM. The total hourly concentration
of NO2 is obtained through the application of the relationship described by the red curve, allowing the
calculation of the hourly average value.

Figure 25. NO2/NOX interpolating curve obtained from the regression of the values simulated by the
FARM CTM model
Figure 26 shows the ground level 1 h average NO2 concentration field during the simulated period,
estimated using the methodology illustrated above. As expected, NO2 maximum values are sensibly
lower compared to NOx ones. This is due to the relative vicinity of the area of maximum concentrations
to the emissions, where still a large contribution of the NO component is present. Despite this the
maximum value, still close to the taxi-in trajectories, results to be about 125 µg/m3, below the limit of
200 µg/m3 even if of the same order. Considering that this is the contribution coming only from the
aviation activities related to the movement of airplanes, this seems still like an important part anyway.
The contribution to the populated district is still of the order of 10-20 µg/m3, like those of NOx,
confirming that relatively far from the source the NO2 component becomes predominant. The first line
of buildings of the district limits the propagation of higher concentration values in the interior.
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Figure 26. Hourly average NO2 ground level concentration field, contribution of all the phases –
5/5/2018 10:00

3.7.2.2 PM2.5
Figure 27 represents the ground level 1 h average PM2.5 concentration field during the simulated
period. For this pollutant, the impact of the aviation around the airport is quite limited. A peak
concentration value less than 16 µg/m3 again located along the trajectory of the taxi-in pathway is
present. Such hourly value, which represent a peak event, is substantially below the EU Air Quality
Guideline of 25 µg/m3 regarding the yearly average concentration. The populated area is affected
everywhere by concentrations below the 1 µg/m3 level
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Figure 27. Hourly average PM2.5 ground level concentration field, contribution of all the phases –
5/5/2018 10:00

3.7.2.3 SO2
Figure 28 represents the ground level 1 h average SO2 concentration field during the simulated period.
For this pollutant, the area characterized by larger concentrations is in the western part of the airport,
with an absolute maximum of 84.3 µg/m3 close to the pathway used by the airplanes during the taxiin phase. The EU Air Quality Guideline limit for the peak values of this pollutant is 350 µg/m3, that must
not be overcome for more than 24 times during the year. The populated area receives a contribution
from the aviation emissions coming from the airport of the order of 2 µg/m3 in the part of the district
located in front of the airport region where the larger concentrations are generated.
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Figure 28. Hourly average SO2 ground level concentration field, contribution of all the phases –
5/5/2018 10:00

3.7.2.4 CO
Figure 29 represents the ground level 1 h average CO concentration field during the simulated period.
A maximum above 1200 µg/m3 is generated in the western part of the airport, but values between 100
and 500 µg/m3 are also present adjacent to the main runway. These values represent a non-negligible
contribution due to the aviation activities, to be compared to an EU Air Quality Guideline limit of 10000
µg/m3 for the maximum of the 8-hour average concentration during the day. The populated district is
interested by values between 20 and 50 µg/m3, in the western sector.
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Figure 29. Hourly average CO ground level concentration field, contribution of all the phases –
5/5/2018 10:00

3.7.2.5 C6H6 and HC
Figure 30 represents the ground level 1 h average C6H6 concentration field during the simulated period.
Quite low concentration levels are generated by the aviation, with a maximum of 0.21 µg/m3 located
internally to the airport area. to be compared to an EU Air Quality Guideline limit of 5 µg/m3 for the
yearly average concentrations. The contribution to the aviation activities on the on the populated
district are in this case below 0.01 µg/m3. Figure 31 illustrates the ground level 1 h average
concentration field for total hydrocarbons during the simulated period. Here the hourly guideline of
50 µg/m3 was chosen from the STEL of acetone4, a volatile organic compound, that is stated as 750
ppm, corresponding to about 1778 µg/m3, according to the formula in chapter 3.7.1.

4

https://ohsonline.com/Articles/2004/10/Gas-Detection-for-VOC-Measurement.aspx?Page=5
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Figure 30. Hourly average C6H6 ground level concentration field, contribution of all the phases –
5/5/2018 10:00

Figure 31. Hourly average HC ground level concentration field, contribution of all the phases –
5/5/2018 10:00
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3.8 Comparison with the local scale simulation
It is interesting to verify the differences and the possible advantages of a microscale simulation
compared to a dispersion simulation performed on a larger scale, such as that carried out with the
SPRAY Lagrangian Particle Dispersion Model at local scale in the context of WP2 Task 2.1, described in
deliverable D2.1. In this regard, the ground concentrations generated by the SPRAY model at local scale
(no obstacles taken into account, horizontal resolution of 250 m) using exactly the same emissions
considered in the microscale simulation are compared with the output of the microscale model on the
same area. As a possible example, Figure 31 illustrates the results of such a comparison regarding NOx
concentrations. Although the general behaviour of the two results is substantially the same, the ability
of the microscale model to capture larger and extremely localized peak concentration values is clearly
evident by showing the detail of the different aviation activities. The maximum value of 475 µg/m3 in
the micro-scale simulation is reduced to about 62 µg/m3 on a local scale, due to the change in
resolution which tends to average concentrations over larger volumes. Many characteristics, both
internal to the airport area and external to populated regions, can be described in greater detail by the
microscale model, which seems to represent a suitable tool for a better description of the airport
impact, also considering the potential effects of obstacles/buildings on atmospheric dispersion.
The CPU time that such a modeling system requires allows the simulation to be run in a reasonable
wall-clock time in a parallel configuration. Using 25 cores on a relatively small parallel HPC machine,
the total elapsed time for one hour of simulation is approximately 10 minutes, allowing, for example,
to apply the model in real time. In order to be able to perform calculations for a longer time (e.g. one
year) it is therefore necessary to use larger HPC machines, using one order of magnitude more cores
in order to reach a total simulation time similar to that required for the local scale simulation. This type
of parallel computing systems is currently available in large computing centers, so in principle it is also
possible to carry out longer-term simulations, if needed.
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Figure 32. Hourly average NOx ground level concentration field obtained at local scale, 250 m
horizontal resolution (above) and at microscale, 5m horizontal resolution (below) approximately on
the same microscale target area of 2.5 x 2 km2 – 5/5/2018 10:00.

3.9 Final remarks
The modeling methodology proposed for the assessment of the atmospheric impact with high spatial
resolution has demonstrated the significant risk of exposure of the population residing near an airport
to potentially high levels of air pollution, when the time scale of the calculated concentrations (5
minutes) coincides with that of the emission phenomena related to the take-off or landing of a single
aircraft. As the international scientific community has now shown, these levels can be associated
with higher-than-normal disease outbreaks and premature deaths [53,54].
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In analogy to what is present in airports as an integrated noise monitoring system, this methodology
is therefore suitable and recommended in integrated applications for the real-time control of
contributions to air quality around the airport.
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4 Regional model assessment
4.1 Introduction
On global scale, aviation contributes a few percent to anthropogenic emissions. In our previous CREATE
deliverable D2.1, we illustrated that the aviation emissions concentrate in the Northern Hemisphere
where Europe is one dominant source of emissions and the place where total ozone column is
increased by about 3 DU due to aviation emissions, resulting in extra radiative forcing that warms the
climate. In this report, we concentrate on the European region and investigate how much the highaltitude emission contribute to surface level concentrations, separately accounting for the landing and
take-off emissions.

4.1.1 SILAM CTM model setup
To evaluate the effects from the aviation emission on the regional scale we used the SILAM CTM to
model the year 2010 for Europe. For boundaries we used our previous global run results on 2-degree
resolution (see deliverable D2.1), and two scenarios with and without aviation emissions. The
European region was modelled with 0.2-degree resolution using the recent CAMS-REG-AP-v4.2
inventory for anthropogenic emissions (covering mainly the LTO emissions), enhanced using the
EDGAR v4.3.2 global aviation emissions, as in our global boundary runs. Here we prepared the aviation
emission using its native resolution of 0.1 degree. The emissions were split similarly to the global runs:
LTO (landing and take-off) emissions, which were injected between 10 and 1000 m; CDS (climbing and
descent) emissions that were put between 1 and 9 km; CRS (cruise) emissions that were distributed
between 9 and 12 km. These EDGAR emissions are monthly averaged maps, where we have applied
daily diurnal profile as recommended by CAMS. In addition to standard air pollutants (NOx, CO, BC,
OC, NH3, SO2) the EDGAR inventory contains several VOCs.
For chemistry, we used the CBM05 scheme, as in our global boundary runs, but without stratospheric
chemistry and without halogens. We used the same lowest hybrid levels as our global runs, extending
up to about 16 km, so that the cruise-altitude emissions are well inside the vertical domain. For
meteorology, ERA5 data at 0.25-degree resolution were used.
To investigate the range of LTO emissions and the effect of CDS+CRS emissions on the surface-level
concentrations, we prepared three scenario runs. The first one was with full aviation emissions, the
second one was without aviation emissions, the third one was without the LTO emissions whereas the
boundary conditions were taken from the global run with the full aviation emissions. We concentrated
mainly on NO2 and O3 because of their importance and expected strong effect of the aviation sources.
The change in concentrations due to the LTO emission is calculated by taking the difference of
concentrations with full aviation emissions and those without the LTO part. The effect of high-altitude
emissions is obtained by subtracting the case without aviation from the case where the emissions of
CDS and CRS are included (i.e. without LTO). Initial conditions for these runs were taken from our global
runs with additional spin-up time of 3 weeks.
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4.2 Model results from European scale simulations
Our previous global simulations (described in more detail in D2.1) already showed that NOx emission
in the middle and the upper troposphere generate additional ozone that tends to warm the climate.
On the global scale, the surface ozone is increased by 2.5 % as annual average over 2010. Our European
model simulations show that the increase in the surface ozone originates mainly from the emissions
above 1 km, whereas the LTO emissions tend to destroy ozone in the vicinity of airports (high NOx
regions), when looking at the yearly average. Only at the Southern parts of Europe (e.g., in Italy) the
yearly averaged LTO-induced change in ozone is positive. However, all over Europe the ozone
originating from the high-altitude emissions (transport from middle/upper troposphere) is dominant,
and the net change in the surface ozone due to the aviation emissions is positive (Figure 33).

Figure 33. 2010 mean value for surface ozone concentration without aviation (top left), total increase
due to aviation emissions (top right), change due to LTO emissions (bottom left) and increase due to
CDS+CRS emissions (bottom right). Note the different scale for different panels. [mole/m3].
The seasonality effect of the LTO emissions is very significant. During the warm and sunny summer
period the LTO emissions tend to increase ozone near the surface almost everywhere in Europe. During
the warmest/sunniest summer months the decrease of ozone (monthly mean value) is visible only
around Benelux countries and UK. Conversely, during the wintertime incorporation of the LTO
emissions reduced ozone everywhere in Europe (Figure 34). For high altitude emissions the seasonality
is less pronounced, the monthly mean change in ozone is always positive and the largest changes
appear above the sea regions.
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Figure 34. Monthly mean change in surface concentration of ozone due to LTO emissions. Top left
panel corresponds to January, while the bottom right panel is for December, [mole/m3].
For NO2 concentrations, it is expected that the NOx emissions in the pristine middle/upper
troposphere, not only increase the NO2 concentration, but in general also increase the total column of
NO2, which could be observed from satellite measurements (Figure 35). At the global scale, the total
NO2 column is mostly increased on Northern Hemisphere and especially over Europe.
A somewhat unexpected phenomenon presented in Figure 35, where the decrease of the total NO2
column over eastern China in the left-hand panel is shown. A similarly counterintuitive observation is
that model runs with aviation emission showed small but noticeable decrease of NO2 concentrations
near surface as compares to the runs without aviation emission. This effect is also seen in the European
runs (Figure 36). The explanation is the impact of the 3-D transport and non-linear chemistry of ozone
and NOx compounds. It is highlighted by the high-level NOx emission from CDS+CRS parts of the flight
trajectories. The LTO emission near ground leads to a well-predictable increase of the near-surface
NO2 concentrations (Figure 36). At annual averaging scale, these affect the air quality up to about 100
km from the airports (in a few cases of major international hubs, more).
The CDS+CRS emissions led to a net decrease of the annual surface NO2 concentrations, almost
everywhere in Europe. Exceptions are the areas near the airports, where the increase is likely due to
CDS part of these emissions, which are still close to the ground and often released into atmospheric
boundary layer, thus being quickly mixed down to the surface. The decrease of surface NO2 due to
high-altitude emission has been tracked to the increase of the ozone concentrations in the free
troposphere and UTLS (upper-troposphere-lower-stratosphere). The additional ozone is established

Founding Members

50

D3.1 LOCAL AND REGIONAL MODELS INTEGRATED WITH
WEATHER AND CLIMATE INFORMATION

by the extra injection of NO2 and is eventually transported back to the surface. Finally, higher nearsurface ozone reacts with NO2 following the reaction O3 + NO2 -> NO3 + O2 producing NO3 and
destroying NO2. This is supported by the positive change in surface NO3 concentration everywhere,
seen especially at night-time when NO3 is not destroyed by sunlight.

Figure 35. Global 2010 mean change in total NO2 column (left, [molec/cm2]) and change in the NO2
concentration profile (right, mole/m3) due to total aviation emissions, averaged over the globe.

Figure 36. 2010 mean value for surface NO2 concentration without aviation (top left), change in surface
NO2 concentration due to aviation emissions (top right), together with changes due to LTO (bottom
left) and CDS+CRS (bottom right) parts of emissions. [mole/m3].
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Both seasonality and diurnal variations are clearly visible in the changes of the surface NO2
concentrations (Figure 36). For example, the area of the impact of the LTO emissions seems to be
largest during the cold period (Figure 37). Similarly, the CDS+CRS emissions have the strongest effect
on the NO2 surface concentrations at the winter period when both the increase near the airports is the
largest and the decrease further away is the most visible (Figure 38). This is likely due to photolysis and
overall intensity of the chemical transformations, which have smaller effect on NOx cycle at
wintertime, also allowing the reaction O3 + NO2 -> NO3 + O2 being more dominant. The same applies to
the diurnal profile (Figure 39), of the mean change due to aviation (yearly mean for 2010).

Figure 37. Monthly mean change in surface NO2 concentration due to LTO emissions. The top left panel
corresponds to January, while bottom right is for December, [mole/m3]

Founding Members

52

D3.1 LOCAL AND REGIONAL MODELS INTEGRATED WITH
WEATHER AND CLIMATE INFORMATION

Figure 38. Monthly mean change in surface NO2 concentration due to CDS+CRS emissions. The top
left panel corresponds to January, while bottom right is for December [mole/m3]
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Figure 39. 2010 mean diurnal variation for change in surface NO2 concentration due to total aviation
emissions. The hours are from 0 (top left) to 23 (bottom right) and correspond to UTC time everywhere,
[mole/m3].
For particulate matter, we only analyzed the black carbon (BC) emissions from airplanes. In SILAM, the
BC is put as PM2.5 with nominal diameter of 0.5 microns. Without complicated chemistry involved in
BC, the contribution of LTO and CDS+CRS emissions to surface values is what one would expect: the
relative fraction of BC emissions from aviation is tiny compared with the total BC concentrations near
the surface but manifests a noticeable addition to the BC level. The surface contribution originates
mainly from the LTO emissions and is mostly visible near the airports (Figure 40).
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Figure 40. 2010 mean value for surface BC concentration (top left), increase due to aviation emissions
(top right) and increases due to LTO emissions (bottom left) and CDS+CRS emissions (bottom right).
Note the different scale for different panels, [µg/m3].

4.3 Final remarks
The effect of aviation on the standard air pollutants like O3 and NO2 is not as straightforward as one
would expect. The complicated chemistry of the ozone cycle involving these species and the relatively
long lifetime of ozone result in reduction of the near-surface NO2 concentrations due to the aviation
emissions (mainly NOx) at high altitudes. The ozone concentrations are usually pushed up by the
aviation except for vicinity of the large airports where the ozone titration can be significant.
The O3 produced in the free troposphere is eventually mixed down to the surface, thus increasing the
surface levels of ozone. In turn, extra ozone reacts with NO2 producing NO3 and efficiently decreasing
the surface NO2 concentrations, when compared with the case without aviation. This effect appears
especially strong during the winter and night-time when the sun is less involved in the NOx chemistry.
The LTO emissions of NO2 can (over)compensate this, resulting in an increase of NO2, but only near the
airports. At higher altitudes both NO2 and O3 are generally increased, and these increases are visible
in the total columns.
The BC emissions from aviation always increase the surface BC concentrations.
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5 Weather information forecast system
5.1 Introduction
Aircraft incidents caused by weather phenomena are a significant problem. It is recognized that
aviation management systems around the world report problems caused by the instability of the local
atmosphere, often in short periods of time, such as during a day [55]. Severe weather phenomena can
impact operations in the airport, so the ability of detecting and forecasting these phenomena
accurately and in a reasonable time has a great value. It is of course of paramount importance to
provide this information to both the meteorologists and air traffic controllers, in a manner they can
use it operationally. The aviation community receives information about weather conditions (and the
impact on the related operations) in many ways. Historically, this information came in the form of
regulated observations and forecasts for specific locations and areas, but the use of dynamic and
statistical modelling, the application of Geographic Information Systems (GIS) and the correlation of
accident histories with geographic aspects can help to reduce aviation losses.
The complexity of the weather patterns and weather phenomenon occurrences implies serious
problems for forecasters trying to come up with models; characteristics of weather observations can
change often, as new instruments are used to read, measure and report weather observations;
furthermore, data often requires significant pre-processing and analysis in order to bring any value for
the user-decision-maker. A Decision Support Tool (DST) is aimed to support operations related to
aviation interests [7]. It provides information to both the meteorologists and air traffic controllers, in
a manner they can use these data operationally. Meteorological data are first collected and integrated
from several sources, then a series of detection and nowcasting algorithms are executed and finally
information is provided through end-user interfaces for real-time air traffic control operations as well
as to support the operational meteorologist’s work flow.
In [8] the effects that weather-related disturbances have on the ATM system was examined, to identify
the vulnerability of ATM with respect to weather phenomena. In addition, some examples of systems
used to integrate different meteorological information were provided. The ADWICE (Advanced
Diagnosis and Warning system for aircraft ICing Environments) [9] is used at the German Advisory
Centres for Aviation to support pilots in flight planning with the aim to provide warnings regarding inflight icing conditions. The AWDSS (Aviation Weather Decision Support System) [7] integrates and
processes weather data coming from different sources, to provide warning on weather hazards. A
flagship installation has been carried out at the Dubai International Airport. The ITWS (Integrated
Terminal Weather System) is an ATM tool devoted to terminal air traffic managers and controllers,
developed by the Lincoln Laboratory’s Weather Sensing Group [10]. The aim of the system is to reduce
flight delays and improve the safety of flight in adverse weather conditions, also reducing the terminal
controller workload. Finally, 4DWxCube is a four-dimensional weather cube developed in the
framework of SESAR activities to support ATM operations. It generates and transfers ATM-tailored
meteorological information in response to SESAR’s challenges and objectives. The 4DWxCube system
enable users across Europe to access MET information in SWIM formats for executing successful flight
operations.
A general DST installation consists in a rack of servers. This hardware configuration is used for receiving
and processing data of all available instrumentation, datasets from LAMs (Limited Area Models),
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algorithms, and processing, and serving of data and products to displays at both the meteorological
offices and the ATC tower. The core of the system is a nowcast product generator, made up of
hardware and custom software that facilitates the data ingest, decoding and storage, and proper
execution of the algorithms.
This section is aimed to help design methods to integrate into a DST. To this end, an ensemble
numerical weather prediction (NWP) system has been implemented, together with the algorithms and
procedures to derive different diagnostics that are of interest to aeronautical applications.
The remainder of this chapter is organized as follows: first, an overview of the literature is described
in subsections 4.2 and 4.3 to identify which observational data is typically used by a DST and how they
are used to detect meteorological hazards. Furthermore, the algorithms for the forecast of hazardous
meteorological phenomena have been reconstructed and implemented (section 4.5), thanks to the
NWP system described in section 4.4. Finally, in Subsection 4.6 an overview about the display system
of a DST is introduced.

5.2 Weather Instruments and observational data
A DST utilizes real-time meteorological data from several data sources including the following:
•

Weather Surveillance Radars

•

Microwave Atmospheric Profilers

•

Radar Wind Profilers

•

Automatic weather observing system

•

lightning data

•

radio soundings

•

surface observations

•

all observations necessary for initialization of a LAM.

A weather radar is used to locate precipitation and calculate its motion, also estimating its type (rain,
snow, hail etc.). A weather radar is generally a pulse-Doppler one, capable of detecting the motion of
rain droplets in addition to the intensity of the precipitation. These data can be analyzed to determine
the structure of storms and their potential to cause severe weather, also allowing the possibility to
predict the future position especially in the short-term weather forecasts (nowcasting). A weather
radar is designed to detect all the phenomena acting in a three-dimensional volume of atmosphere,
with a wide spatial and temporal coverage. A weather radar includes a transmitter generating the
electromagnetic impulse, a receiver elaborating the return signal, and a parabolic antenna as interface
between the instrumentation and the atmosphere. Waves sent by the radar are back-scattered by
meteorological targets (rain, snow) and the weak return signal is processed by the radar in order to
estimate the precipitation intensity. The time between sending and receiving the signal is used to
measure the distance of the meteorological event from the radar.
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A microwave atmospheric profiler allows the continuous measurement of a vertical profile of the air
temperature up to about 3 km from ground. The technique used for the determination of temperature
is based on the measurement of the thermal radiation coming from the atmosphere at a wavelength
of 5 mm (frequency of about 60 GHz). The radiometer calculates the temperature through an autocalibration process, in which it compares the measurements with an external sensor of the room
temperature.
A wind profiler operates in “clear air” and provides data in atmosphere from about 100 up to 3-5 km
over ground. It provides information for different atmosphere layers, creating a vertical profile of wind
data, in particular speed and direction of horizontal and vertical wind. This instrument is based on the
radar Doppler principle, so it provides electromagnetic impulses in different directions, which are
reflected by the turbulences of the atmosphere, then the back signal provides an evaluation of wind
at different heights.
Automatic weather observing systems (AWOS) are automated sensor suites, which are designed to
serve aviation and meteorological observations. They are generally equipped to provide information
about wind speed and direction, visibility, precipitation, cloud cover and ceiling, temperature and dew
point, barometric pressure, lightning, icing. Data dissemination is usually via an automated VHF
airband radio frequency (108-137 MHz) at each airport, broadcasting the automated weather
observation.
Both cloud-to-ground and intra-cloud lightning flashes usually serve as an early indicator of extreme
weather – from heavy rain and hail to dangerous cloud-to-ground lightning strikes and tornadoes. A
lighting detection system works by detecting radio waves emitted by fast electric currents (strokes) in
lightning channels. A “stroke” can be a fast current within the cloud, or a “return stroke” in a channel
to ground. Cloud-to-ground return strokes usually have larger currents that make stronger signals that
are easier to detect. Radio signals detected by multiple stations, at least 3, are used to determine the
location of the stroke by a time-of-arrival technique.
A radio sounding is used when exact information about the vertical structure of the atmospheric
parameters is required. Radiosondes are usually launched attached to a weather balloon, to provide
highly temporally resolved profiles of temperature, air pressure, humidity, and wind direction as well
as wind velocity. The weather balloon used for the sonde ascent is usually filled with such an amount
of helium that the ascent rate of the radiosonde is 3-4 m/s. The exact position of the radiosonde is
tracking via GPS (Global Positioning System).
Moreover, since an accurate analysis of the atmospheric state is a vital requirement for skillful
numerical weather predictions, observational data are collected to define the initial conditions for
numerical models. They range from conventional in-situ instruments to radiosondes, remote-sensing
profilers, and satellite measurements. Modern methods of determining the model initial conditions
use data assimilation techniques to optimally combine observational data with a short-range model
forecast to produce an “analysis”. Uncertainties in the initial conditions may be diagnosed as those
arising from ‘imperfect’ observations, and those stemming from approximations in the data
assimilation process.
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5.3 Algorithms and indicators to detect weather hazards
A typical DST contains a collection of algorithms (licensed and free) aimed to detect specific weather
hazards and quantify their level of severity. In the following, a list of relevant algorithms for the most
dangerous phenomena for aviation is reported.

5.3.1 Microburst Detection Algorithm
A microburst is a localized column of sinking air (downdraft) within a thunderstorm. It is a strong
ground-level wind system that emanates from a point source above and blows radially in straight lines
in all directions from the point of contact at ground level. Microbursts are extremely dangerous to
aircraft which are taking off or landing, due to the strong vertical wind shear caused by these events.
An aircraft flying through a microburst may experience extremely hazardous airspeed and lift
fluctuations. As the aircraft is coming into land, the pilots try to slow the plane to an appropriate speed.
When the microburst hits, the pilots will see a large spike in their airspeed, caused by the force of the
headwind created by the microburst.
The AMDA algorithm [13] provides the detection of divergent wind shear phenomena and estimates
wind shear loss through those phenomena along the runway and along the arriving and departing flight
corridors. This algorithm receives as main input the radar data. The runway alerting component of the
software analyses each microburst detection in relation to the runways and flight paths. Techniques
to determine the flight path expected air speed loss are utilized to provide this information for alerting
and display. Runway alerts are only generated if a microburst is overlapping the runway or if any part
of it is within a fixed distance of runway (about 500 m).

5.3.2 Gust Front Detection Algorithm
A gust front (or outflow boundary) is a mesoscale boundary separating thunderstorm-cooled air (from
the surrounding air. They create low-level wind shear, which can be hazardous during aircraft take offs
and landing.
The Machine Intelligent Gust Front Algorithm (MIGFA) was developed by MIT/Lincoln Laboratory [14].
The main input for the algorithm is radar data. MIGFA detects and predicts the movement of gust
fronts and other synoptic and mesoscale fronts. Gust front detections are executed utilizing an artificial
intelligence technique called functional template correlation; this technique was adapted from a
technique to automatically identify military vehicles utilizing satellite data.

5.3.3 Turbulence Forecasting System
Detection and prediction of turbulence can be performed through a suite of applications that use data
from the wind profiler, radiometer, and weather model output.
Dangerous turbulence can be due to a strong vertical wind shear, defined as a rapid change with height
of the horizontal wind vector. The wind profiler produces automatic estimates of the wind field
throughout the troposphere. From these data, vertical wind shear estimates are available at numerous
heights by computing the magnitude of the wind shear for each vertically adjacent set of wind
observations within a profile. When the magnitude of the vertical wind shear exceeds a user-defined
threshold, alerts of hazardous wind shear are generated.
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Weather models are generally able to produce forecasts of turbulence for each grid point within the
three-dimensional domain, in particular of the EDR (Eddy Dissipation Rate) [50,56], which is a universal
measure of turbulence, based on the velocity with which the energy is dissipated inside the
atmosphere. For high values of EDR, the atmosphere is dissipating the energy rapidly. Generally, it is
preferred to use the cubic root of the EDR (assuming values between 0 and 1), suitable to define the
turbulence degree according to the values shown in Table 4.

Table 4: Intensity of turbulence as a function of EDR cubic root values
EDR cubic root

Turbulence intensity

< 0.1

No turbulence

0.1 - 0.4

Light turbulence

0.4 – 0.7

Moderate turbulence

>0.7

Strong turbulence

Layers of turbulence without the presence of clouds at high altitudes (usually above 4500 m) are
referred to as clear-air turbulence (CAT). It is mostly caused by strong wind shear in the vicinity of the
jet streams, but also by breaking gravity waves above mountain ranges and above convective weather
systems (e.g. thunderstorms).
Forecast of CAT is possible using the Ellrod and Knapp [15] index (EI), which has proven itself useful in
identifying regions of hazardous turbulence. It is the product of the vertical wind shear and horizontal
deformation, since CAT appears in areas where these two parameters assume high values. The
measure of EI generally assumes values between 0 and 12. Values of EI and corresponding values of
CAT are shown in Table 5.

Table 5: Intensity of CAT as function of EI index.
EI

CAT Intensity

<4

Light- Moderate (LGT-MDT)

4-8

Moderate (MDT)

8 - 12

Moderate-Severe (MDT-SVR)

The effects of wind shear can be also calculated using wind profiler data. Specific algorithms calculate
the estimated loss expected by an aircraft over a distance of a few hundred meters along the glide
slope. Algorithm then provide estimates of the height where the wind shear will be first experienced,
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the location on the glide slope and the magnitude of the expected loss. If these calculations indicate a
loss expected that is more than of a threshold, an alert is generated by DST.

5.3.4 Turbulence nowcasting
Short-term forecasts (up to about 2 hours) of turbulence are possible by a linear extrapolation of the
wind field at all levels provided by the wind profiler. By extrapolating the wind profiler data forward in
time and computing the vertical wind shear from these extrapolated winds, short-term forecasts of
turbulence may be obtained. Beyond the time frame of about 2 hours, such extrapolated values are
likely to deviate beyond acceptable error limits, especially during important, rapidly evolving
situations. For this reason, weather model data must be employed to produce useful forecasts of
turbulence beyond this time frame.

5.3.5 Radar-Based Storm Detection and Nowcasting Algorithms
A suitable tool to predict the movements of storms is MAPLE, a sophisticated expert system/artificial
intelligence algorithm that was designed, developed at McGill University in Canada [16]. It examines a
time sequence of up to six hours of radar data utilizing highly tuned filtering and predicts the evolution
and movement of storms with great accuracy out to two hours in advance. MAPLE can determine the
different scales of storms and predict the lifetime of those scales based upon recent past history and
the stability of the present environment.
Then, the output of MAPLE can be used in conjunction with a GIS database to provide alerts and
information for any number of locations in the database. If there is overlap between the predicted
threat areas and an estimated asset, an alarm is provided by the DST.

5.3.6 Low visibility
This kind of hazard is very difficult to be predicted by means of weather models. Generally, semiempirical formulas are employed to evaluate specific indicators starting from specific model output.
The Fog Stability Index (FSI) is an indicator developed by the US Air Weather Service and is used
especially in the winter season [17]. This indicator considers that the probability of fog increases with
wind speed and humidity:
!"# = (' − '! ) + (' − '"#$ ) + +"#$
In which T and Td are respectively the surface temperature and the dew point temperature, while T850
and W850 are respectively temperature and wind velocity at 850 hPa. Table 6 shows the
correspondence between FSI values and fog probability.
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Table 6: Correspondence between FSI values and fog probability.
FSI

Fog probability

FSI >55

low

31 ≤ FSI ≤ 55

medium

FSI < 31

high

The FSI can be linked to the visibility (expressed in km) by using other empirical formulas. A possible
one, developed at the Hungarian Meteorological Service, is the following:
,-.-/-0-12 (34) = −1.33 + 0.45 × !"# (34)
The FSL (Forecast System Laboratory) method has been developed by the National Oceanic &
Atmospheric Administration (NOAA) [18] and assumes that the visibility is correlated to the relative
humidity (RH) and to the difference between temperature and dew point temperature.
,-.-/-0-12 (34) = 6000

' − '!
× 1.609 (34)
=>%.'#

The Stoelinga and Warner method [19] calculates the visibility as a function of rain (rw), snow (sn),
cloud water (cw) and cloud ice (ci) through the following expressions:
,-.-/-0-12 (34) = −

ln(0.02)
C

in which β is the extinction coefficient (km-1), sum of different contributions:
C = C() + C*) + C(+ + C,precisely:
C() = 144.7E $.""
C*) = 1.1E $.'#
C(+ = 10.4E $.'"
C,- = 10.4E $.'"
in which C is the mass concentration (g/m3) of the related quantities.

5.3.7 Cumulonimbus
Cumulonimbus is a cloud characterized by a strong vertical development, generated under conditions
of atmospheric instability and generally associated with thunderstorms. The top and bottom parts
have about the same amplitude. The Dynamic State Index (DSI) can be used to individuate various
kinds of clouds and in particular of cumulonimbus [20]. The DSI is defined as the determinant of the
following Jacobian matrix.

Founding Members

62

D3.1 LOCAL AND REGIONAL MODELS INTEGRATED WITH
WEATHER AND CLIMATE INFORMATION

F"# ≔

1 I(J, Π, M)
H I(N, 2, O)

In which q is the potential temperature, P is the Ertel potential velocity and B is the Bernoulli stream
function and rho the air density. To evaluate the DSI starting from the output of a weather model, the
following variables are needed: zonal and meridional wind components, temperature, and
geopotential on the pressure levels.
Then, after a first classification, it is possible to define an index of precipitation activity for each kind
of clouds. As shown in Figure 41, cumulonimbus is the cloud with the largest value of precipitation
activity

Figure 41: Precipitation activity index for different types of clouds. Cb: Cumulonimbus (adapted from
[20]).

5.3.8 Icing
Icing takes place when ice accumulates on the structure of an aircraft, leading to the reduction of the
efficiency of the vehicle, since it alters the aerodynamic flow and reduces the visibility. An accurate
simulation of the complex processes with NWP models would require explicitly-solving cloudmicrophysical interactions, as well as the complete knowledge of the initial conditions. Modelling of
the complete in-flight icing process, especially for warning and route planning (including the ice
accretion process) is beyond current capabilities and is therefore not currently feasible [21]. A possible
solution is the usage of reliable empirical relationships between observable meteorological quantities
and icing severity. Empirical methods can be enriched with outputs from NWP models in a hybrid
approach. The empirical relationship between temperature, average SLW (Supercooled Liquid Water)
content and a droplet size distribution for a given flight distance is described by a set of twodimensional closed graphs, referred to as envelopes.
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5.4 The ensemble NWP system
A crucial element of a DST is a NWP system, capable of providing accurate and timely forecast of
weather conditions.
A NWP process consists of three main phases:
-

data collection (observation),

-

assimilation of the observed data in the initial conditions used by a numerical model for
meteorological forecasting, and

-

integration of the model to project an initial state into the future.

Intrinsic errors can be introduced in each phase; for example, instrumental and human error in the
collection and interpretation of observations; imperfect methods for data retrieval and assimilation,
physics of imperfect models and numerical methods. Furthermore, there are inevitably inconsistencies
in the adaptation of model predictions to real-world applications, both due to variations in postprocessing methods and human diversity in interpretation. All these errors are inherent, largely
unavoidable, and perhaps even unknown in real-world operations. These differences could be as large
as those between two fields chosen at random by climatology, in which case they lose all their value
[11].
In this work, an ensemble NWP system has been set up, able also to assimilate the observations
collected. To this aim, we augment the models already described in deliverable D2.1, i.e. the WRFARW model and its auxiliary tools, with a two-levels ensemble and variational data assimilation
process.
At the first level, a multi-initial/boundary conditions (ICs and BCs) ensemble system is exploited to
address uncertainties due to model parameterizations and ICs/BCs on the medium-range time and
space scale (1 to 3 days and 27 km grid spacing). The control initial conditions came from the NCEP
Global Forecasting System (GFS)5; The NCEP-GFS is a 0.25 by 0.25 global latitude longitude grid,
including analysis and forecasts at three hourly time steps for the next 10 days. A combination of IC
and BC perturbations are created using the breeding method [12].
At the second level, the average of this ensemble system is fed into a 3D/4D data assimilation process,
including observations on the local scale (synoptic, radar and satellite observations) for short-range
forecasts. The data assimilation cycle is applied at a very high time frequency (1 hour or less), as soon
as new observations become available.
On the following sections the main ingredients of the ensemble and data assimilation process are
described.

5

https://rda.ucar.edu/datasets/ds084.1/
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5.4.1 The first guess
As described in Deliverable D2.1, “Aviation impact on local environment and long term & global
phenomena” [51], the latest version of the WRF-ARW model [12] is exploited to produce a first guess
of the future state of the atmosphere over the area of interest. The model’s dynamical core is
composed of a mass-based hybrid terrain-following sigma (at lower levels) and isobaric (at upper
levels) vertical coordinates, and a set of non-hydrostatic primitive equations. In addition, there is a
complete set of physical parameterization schemes, including those for the planetary boundary layer,
radiation, land surface physics, cumulus convection, and explicit mixed-phase cloud physics, to
represent various physical processes in the model and to close the model dynamic equations. The
parameterizations used in this work are recalled in [51], namely:
1. The WRF single-moment 6-classes scheme, a permitting convective scheme, representing
cloud microphysics processes (ice, snow and graupel)
2. The Kain-Fritsch cumulus convection scheme (only if the grid size is larger than 9 km, otherwise
no parameterization is used)
3. The boundary layer parameterization based on the Mellor-Yamada-Janjic scheme, for the
prognosis the of turbulent kinetic energy
4. The Noah Land Surface Model, also used by the NCEP/NCAR Air Force Weather Agency to
simulate land-surface processes
5. The ETA similarity surface layer scheme

Table 7. Physical parameterizations used for the WRF simulations
WRF-ARW physical scheme

Description

Microphysics

WRF Single-Moment 6-class scheme (ice, snow and graupel processes)

Long wave radiation

RRTMG/GFDL

Short wave radiation

RRTMG/GFDL

Cumulus convection

Kain-Fritsch scheme (deep and shallow convection), if grid resolution
> 3 km

Land surface

Noah Land Surface Model

Surface layer

Eta similarity (based on Monin-Obukhov theory)

Boundary layer

Mellor-Yamada-Janjic Eta operational scheme

Urban physics

Not used
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41 vertical levels are used, with grid spacing increasing with height, from the surface up to the altitude
corresponding to an atmospheric pressure of 50 hPa, with the level closest to the ground located at a
height of about 12 m above ground level.
Since the WRF model is a limited area model, information at the boundaries needs to be provided by
an external source, e.g. forecasts from a larger model or global simulations. In [51] the ERA5 reanalysis
distributed by the Copernicus Climate Change Service6 were used; in that case the rationale of this
choice was to use the best available weather information, where observations were already included
into the analysis to improve the description of the atmospheric state. In this report the aim is to
describe the NWP implementation whose information feed a Decision Support Tool (DST) to forecast
hazard information along the flight routes. To this aim, we implemented the NWP system in a pseudoforecast configuration, i.e. we feed the limited area model with information from truly forecast data
(valid at the time of initialization) coming from the global simulation, i.e. the NCEP Global Forecasting
System (GFS). Information from the larger-scale global GFS model is introduced every 3 h to provide
better longwave representation not available via regional data assimilation unable to use the full global
set of observations. To address uncertainty in the initial and lateral boundary conditions, perturbations
are created using the breeding method [12].
A data assimilation step is introduced to exploit the availability of information on the local scale. The
background field of the NWP data assimilation system is the previous ensemble mean forecast. In this
partial cycling, a parallel cycle is started at a high time frequency (at least every 1 h) and observations
are assimilated over a time window of 6 h. Data assimilation includes local observations, e.g. satellite,
radar and conventional surface and upper-air observations. After parallel spin up, assimilation cycles
are run for the next 12 h, and the 1-h forecasts from the parallel cycle are substituted for those from
the primary cycle as the background field for the next data assimilation cycle. Lateral boundary
conditions are specified from new GFS model runs initialized every 6 h.

5.4.2 The sources of observational data
Many different observations are available globally, with frequencies of an hour or less. These include
commercial aircraft, wind profilers, geostationary satellites, radars, ground-based GPS, and automated
surface reports. The availability of these observations facilitates high frequency updating of shortrange numerical forecasts, with the expectation that forecasts initialized with more recent
observations are more accurate.
The initialization of NWP system has been based on data repository from the RDA (Research Data
Archive) managed by the NCAR (National Center for Environmental Prediction)7, and from the ECMWF
(European Centre on Medium range Weather Forecast)8. Precisely, data from the:
-

6
7
8

GFS (Global Forecasting System), RDA dataset DS084.1, will be used for the initialization of
high-resolution, short-range weather forecasts

https://cds.climate.copernicus.eu/#!/search?text=ERA5&type=dataset

https://rda.ucar.edu
https://www.ecmwf.int
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-

ERA5 reanalysis project, from ECMWF, for climatological analysis

In a complementary way, main meteorological observations are included in the assimilation processes
from the RDA and MADIS datacenters. Precisely data from the:
-

GDAS (Global Data Assimilation System), RDA dataset DS337.0

-

MADIS (Meteorological Assimilation Data Ingest System)9

The NWP system assimilate the main conventional surface observations:
-

SYNOP (surface station SYNOPtic report)

-

METAR (surface station METeorological Aviation Routine weather report)

-

SHIP (surface report from ships)

-

BUOY (surface report from buoys)

and upper air observations:
-

TEMP (vertical profile of temperature, wind, and/or humidity)

-

AMDAR (Aircraft Meteorological DAta Relay)

-

AIREP (AIRcraft REPort of temperature and wind)

-

TAMDAR (Tropospheric AMDAR)

-

PILOT (pilot balloons)

satellite observations derived from main meteorological satellites (NOAA and METOP satellites, EOS
Aqua, Suomi-NPP, METEOSAT, GCOM):
-

SATEM (Atmospheric thickness observation)

-

SATOB (Atmospheric Motion Vectors)

-

GPSPW / GPSZD (Ground-based GPS Total Precipitable Water / Zenith Total Delay)

-

GPSRF (GPS refractivity)

-

QSCAT (Scatterometer oceanic surface winds)

-

PROFL (Wind profiler)

-

AIRSR (Satellite temperature/humidity/thickness profiles)

radar data at high resolution (15 minutes):

9

https://madis.ncep.noaa.gov
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from the OPERA project10
-

from the Italian Civil Protection11

In the following subsection, a subset of variables calculated by the NWP system, useful for the
monitoring and detection of severe weather hazards, are presented.

5.5 The diagnostics available from the NWP system
Given the output of the NWP system described in the previous section, a number of algorithms have
been implemented to derive different diagnostics that are of interest to aeronautical applications.

5.5.1 Severe weather diagnostics
HAIL – Maximum hail diameter. The hail routine determines hail size potential. Model velocity is
employed to estimate how large of a hailstone could be supported by the updraft. Mid-level relative
humidity is used to determine if dry air entrainment will lead to size sorting, enabling larger particles
to get into the main updraft where hail growth can occur. A melting term reduces hail size based on
how warm it is near the surface. Then, updraft helicity is used to estimate the tendency for the storm
to be long-duration to allow hail size growth.
TCOLI_MAX – Maximum total column integrated ice. The maximum over the output interval of the
summation of cloud ice, snow, and graupel over the total model column.
GRPL_FLX_MAX – Maximum graupel flux at -15 °C. The maximum over the output interval of graupel
mixing ratio multiplied by vertical velocity at the -15°C level. Values of GRPL_FLX_MAX should range
from around 25 in marginal lightning situations, to over 400 in situations with very frequent lightning.

5.5.2 Precipitation type weather diagnostics
TOTPRECIP - Total simulation precipitation accumulation. This is the accumulation of precipitation
from the convection and microphysics (RAINC+RAINNC) over the entire simulation up to the current
output time.
SNOW – Total simulation liquid equivalent snow accumulation. This is the accumulation of liquid
equivalent snow over the entire simulation up to the current output time.
ICE – Total simulation ice pellet accumulation. This is the accumulation of ice pellets over the entire
simulation up to the current output time.

10
11

https://www.eumetnet.eu/activities/observations-programme/current-activities/opera/
https://dpc-radar.readthedocs.io/it/latest/index.html#
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5.5.3 Buoyancy diagnostics
S-CAPE – Surface-based CAPE. This is the convective available potential energy of a parcel originating
from the lowest model level.
U-CAPE – Most unstable convective available potential energy. This is the convective available
potential energy (CAPE) of a parcel originating from the most unstable model level in the lowest 180
hPa using a stability criterion of highest mixing ratio.
S-CIN – Surface-based CIN. This is the convective inhibition (CIN) of a parcel originating from the lowest
model level.
U-CIN – Most unstable convective inhibition. This is the convective inhibition (CIN) of a parcel
originating from the most unstable model level in the lowest 180 hPa using a stability criterion of
highest mixing ratio.
ZLFC – Surface-based LFC height. This is the height of the level of free convection (LFC) of a surfacebased parcel where buoyancy first becomes positive above the lifted condensation level (LCL).
PLFC – Surface-based LFC pressure. This is the pressure of the level of free convection (LFC) of a
surface-based parcel where buoyancy first becomes positive above the lifted condensation level (LCL).
LIDX – Surface-based lifted index. This is the lifted index (LI) calculated as the simple difference
between the temperature of a surface-based parcel and ambient virtual temperature at 500 hPa

5.5.4 Turbulence diagnostics
TURB – Knapp-Ellrod clear-air turbulence index. The Knapp-Ellrod clear-air turbulence index is
calculated using wind deformation information already available within the model diffusion scheme.
Currently there are eight hard-coded AGL layers comprising the vertical dimension: 1,500-3,000 m
3,000-4,600 m 4,600-6,100 m 6,100-7,600 m 7,600-9,100 m 9,100-10,700 m 10,700-12,700 m

5.5.5 Vertically integrated liquid diagnostics
VIL – Vertically integrated liquid water (kg m-2): This is the vertical mass integration over the model
column of rain and liquid equivalent snow and graupel.

5.5.6 Icing diagnostics
FZLEV – Freezing level. This is the geopotential height of the 0°C isotherm or the terrain height,
whichever is greater.
ICINGBOT – Bottommost icing level. This is the geopotential height at which icing mixing ratio first
exceeds 1.E-5 kg/kg. This should never go below freezing level.
ICINGTOP – Topmost icing level. This is the geopotential height at which icing mixing ratio last exceeds
1.E-5 kg/kg.
QICING_LG_MAX – Column maximum large icing mixing ratio. This is the column maximum large (>50
μm) supercooled droplet mixing ratio.
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QICING_SM_MAX – Column maximum small icing mixing ratio. This is the column maximum small (<50
μm) supercooled droplet mixing ratio. Please note that a full 3-D small icing field is available, but not
output.
ICING_LG – Column integrated total large icing. This is the mass integration over the column of large
(>50 μm) supercooled droplets; it can be thought of as supercooled large droplet VIL.
ICING_SM – Column integrated total small icing. This is the mass integration over the column of small
(<50 μm) supercooled droplets; it can be thought of as supercooled small droplet VIL.

5.5.7 Visibility diagnostics
VIS – Visibility at the surface This is the visibility term, the minimum of surface visibility from
hydrometeors, dust and fog/haze

5.6 Examples of application
As an example of application of the NWP system, in Figure 42 the results for a domain centered on
Southern Italy are shown. The forecast is initialized at 18Z on November 26th 2018, and results are valid
at 09Z on November 27th 2018. During this day a heavy precipitation event occurred on the Campania
region. In Figure 43 the results for the same simulation but on the European domain are shown.
Both simulations have been made using the parameterizations described in Table 7, with a horizontal
grid resolution of 3 ´ 3 km2 for Southern Italy and 27 ´ 27 km2 for the European domain. No convection
parameterization has been used for the European domain.
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Figure 42: An example of diagnostic variables available from the NWP system: wind speed at 10 meters
and sea-level pressure (mbar, top); Surface-based convective available potential energy (S-CAPE, J/Kg),
middle-left; cumulated rainfall (TOTPRECIP, mm, middle-right); Knapp-Ellrod clear-air turbulence index
(TURB), bottom-left; visibility (VIS, m), bottom-right for a domain centered on Southern Italy
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Figure 43: An example of diagnostic variables available from the NWP system: wind speed at 10 meters
and sea-level pressure (mbar, top); Surface-based convective available potential energy (S-CAPE, J/Kg),
middle-left; cumulated rainfall (TOTPRECIP, mm, middle-right); Knapp-Ellrod clear-air turbulence index
(TURB), bottom-left; visibility (VIS, m), bottom-right for a domain centered on the European region.

5.7 Recommendations for a display system
Once that weather phenomena have been detected via the automated algorithms described above, it
is necessary to show where they can impact (flight and ground operations) or where they are expected.
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Two different display configurations are possible, a first to be used by the air traffic controllers (ATC),
the second one to be used by meteorologists.
A display for ATC is generally split into several parts. In the case of potentially hazardous weather being
detected or nowcasted in the terminal area, a part of the Alert Panel will turn a specific color to alert
the user to specific conditions and an audible alert will be sounded. A series of Individual Weather
Phenomena Alert buttons is present, identifying what weather alert is occurring at that time. The color
change of these boxes (Table 8) along with the audible alert draws the attention of the
supervisor/manager to a situation that may be potentially dangerous or may require a change in the
runway configuration or airspace.

Table 8: Correspondence between buttons color and weather alert
Color

Alert

Red

any weather alert is active for the local area.

Yellow

if weather is nowcasted to impact the local area in the next 60 minutes

Grey

no detections or nowcasts for dangerous phenomenon

Clicking on any of these buttons brings up a small window that provides information about the alert
that was generated as well as the affected flight information.
Another portion of the display contain a series of lines of text. These lines are simple coded messages
that are specific to each possible flight path for arriving and departing aircraft. These designations are
set to indicate the location where the aircraft will first experience the hazard.
For example:
12RA MBA 30K- 1MF
This message is decoded as: ― on 12 right approach there is a Microburst Alert, expect 30 knot loss
beginning at 1 Mile Final.
A Display for meteorologists should be able to provide capabilities to analyse and interrogate
meteorological data, in such a way that meteorologists can have the possibility to verify alerts before
they are sent to ATC display.

5.7.1 An example from the MATISSE tool
The Meteorology Laboratory of CIRA is developing a system aimed to increase the weather awareness
on board for Unmanned Air Vehicles (UAV) and Personal Air Vehicles (PAV) and to allow updating the
Mission Management and Trajectory Generation functions relying on adverse meteorological
conditions along the flight trajectory.

Founding Members

73

D3.1 LOCAL AND REGIONAL MODELS INTEGRATED WITH
WEATHER AND CLIMATE INFORMATION

This system is defined as Weather Situational Awareness System (WSAS) and is made up of three
blocks:
1. Meteo Service Center
2. Satellite Communication System
3. On-board subsystem

MATISSE (Meteorological AviaTIon Supporting SystEm) [57] is a prototype tool able to support all the
functions of the Meteo Service Center, namely:
-

Acquisition and recording of the raw meteo data (in situ measurements, satellite data, NWP
model data);

-

Data elaboration for the monitoring and forecasting of meteorological conditions and
detection of weather hazards;

-

Meteorological data formatting for the Decision Support System.

Figure 43 shows a representation of the data flow in MATISSE, while Figure 44 shows the diagram
related to the main algorithms implemented into MATISSE.

Figure 44: A schematic representation of the data flow in MATISSE.
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Figure 45: Diagram related to the main algorithms implemented into MATISSE.
The logical architecture of MATISSE is split into two main subsystems:
•

MATISSE Server collects and elaborates data from the multiple sources available, by applying
the algorithms available. Then it stores data into a relational database with geographical
extensions, i.e. Post GIS.

•

MATISSE Client allows the visualization of data for specific areas and selected periods.
Currently two kinds of clients are available (ArcGIS plug-in and web client).

Figure 45 shows an example of output of the “Lightning” product for the visualization of the position
of the lightnings.
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Figure 46: An example of output of the “Lightning” product for the visualization of the position of the
lightnings.

Founding Members

76

D3.1 LOCAL AND REGIONAL MODELS INTEGRATED WITH
WEATHER AND CLIMATE INFORMATION

6 Climate risk assessment framework
6.1 Introduction
Climate change is one of the biggest challenges facing society in the 21th century. Different studies
conducted on global and local scale agree there will be an overall decreasing trend in rainfall and
extremes of minimum and maximum temperatures [22]. In recent years the scientific community has
paid particular attention to the analysis of extreme events such as heat waves, droughts, intense rain
events that caused loss of human life and significant economic damage [23]. Climate-related extremes
generally produce large impact on infrastructures, especially on those with insufficient design, while
some infrastructures may become inadequate under the effects of severe extremes. Critical
infrastructures include transportation systems, urban buildings, water, and communication systems,
and in general provide fundamental functions to sustain the society and a breakdown of them could
lead to significant economic losses and high number of human deaths [24]. Transport infrastructures
play a major socio-economic role and in particular airports, as global connectors, are crucial for the
world economy and the transportation system. Even if they are designed to cope with various stresses
during their life, the increase of frequency and severity of extreme weather events will worsen their
deterioration rate [25]. Indeed, according to a study by Eurocontrol [26] focusing on Europe, about
70% of airport delay is the result of severe weather events. Impacts over European airports differ
according to the geographical position, climate zone and local circumstances, but risks are larger on
those areas where an increase of the air traffic is expected, such as southern central Europe [26].
Aviation in general is affected by changes in precipitation, temperature, sea-level rise and wind
changes [27]. Recent publications indicate that there are some additional potential impacts that may
affect Europe aviation and other areas of the world, namely desertification and change in biodiversity,
since climate change may lead to alterations in local biodiversity and wildlife migration patterns. This
could impact aircraft operations, particularly if there is an increase in heavy weight migratory bird
population in the area [28].
The importance of evaluating the impacts of climate changes over airports is widely recognized,
however the methodologies for quantifying the potential effects of climate change on the aviation
sector are still limited especially in Mediterranean area [29], although this region is defined as a climate
hot spot [30]. In recent years, a series of projects has been carried on in order to fill this gap. The
VULCLIM Project [13] by the French Technical Center for Civil Aviation (STAC) aimed to evaluate the
vulnerability of French airports to climate change, identifying the climate variables with potential
impacts on airports. In the frame of JRC PESETA III European Project [52] the analysis of the impacts of
climate change on seaport, airports and inland waterways was put on. Using spatial database and
climate model outputs, this study has shown that many European airports located in coastal areas are
at risk of inundation due to sea level rise and sea storm surge, particularly on the North Sea coasts.
The number of airports at risk of flooding is expected to increase by almost 60% between 2030 and
2080. In a study presented in the Environment Report of International Civil Aviation Organization [28],
a risk analysis was conducted on the Istanbul Airport. The effects of four atmospheric parameters
(precipitation, wind, temperature and humidity/fog) on infrastructure and services were assessed
using Regional Climate Models (RCMs) on the pillar years 2030, 2050 and 2080. Gratton et al. [29]
assessed the impacts of climate change on ten Greek airports in terms of take-off performance of
airliners, considering the headwind, surface conditions, temperature and slope of the runway. They
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found that the take-off distance required for the medium-sized passenger jet Airbus A320 increased
by an average of 2.7 m/year, while for the smaller de Havilland DHC8-400 it was by 1.4 m/year.
According to Lopez [31], the first step needed to define a framework for risk assessment is to identify
relevant climate change projections over the XXI century and their potential impacts on airport
infrastructures. Projections could be obtained as result of simulations with Global Climate Models
(GCMs), but their low spatial resolution does not allow their use on a local scale. Regional Climate
Models (RCMs) are used to provide a better representation of phenomena at local scale. They perform
appropriate downscaling of GCMs and produce climate projections on a specific area to a resolution
between 1 and 50 km. The high spatial resolution allows to better represent the climate in terms of
average and extreme values and to elaborate impact studies on both natural and anthropic systems,
including infrastructures. The models reproduce the climate system considering not only the natural
forcing but also the anthropogenic ones, which vary according with different scenarios. For example,
Coffel et al. [32] used projections of daily temperatures from the CMIP5 model suite under the IPCC
RCP4.5 and RCP8.5 scenarios to calculate future weight restrictions across a fleet of aircraft with
different take-off weights operating at a variety of airports.
Every single component of the airport is subject to a level of risk given by the product of the occurrence
probability of the climate change by its impact on the airport component. The result of the
methodology can be summarized in a final risk matrix where the lines of the matrix represent the
different airport components (for example runways, taxiways, apron, car parks, accesses to the airport
etc.) and the columns represent the different factors of climate change that create impacts on the
infrastructure. The value of each cell will identify the level of risk associated to each airport component
based on climate scenario and period chosen. The matrix could help identifying the strength and
weaknesses of airport to improve it the climate change resilience.
In the following of this section, the impacts of climate change on the European aviation sector are
summarized, along with a description of specific indicators and hazards consequences. Then, the
methodology adopted, and the data used to provide climate projections for the airport of Naples
Capodichino are described. Finally, details about the risk exposure evaluation and the main results
achieved are shown.

6.2 Impact of extreme weather on airports
There are substantial differences about the climate change impacts over airports with respect to other
kinds of infrastructures. In other cases (e.g., harbors) it is possible to realize physical barriers as a
protection, but in the case of airports this is not possible, since these phenomena directly affect flight
operations. Since air is the means that sustain flight, it is necessary to consider the sensitivity to the
meteorological conditions. Impacts over European airports differ according to the geographical
position, but risks are larger on those areas where an increase of the air traffic is expected such as
southern central Europe. The impacts of climate change on the European aviation sector can be
summarized as follows.
Higher temperatures may cause physical impacts, for example, extreme summer temperatures may
exceed design standards leading to heat damage to surfaces, while runways or aprons may have
trouble due to surface melting during peak heat period [33]. Furthermore, temperature has effects on
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the maximum take-off weight because affect aircraft performance and may cause airplanes to face
cargo restrictions [27, 29]. Limiting cargo implies serious economic losses for the companies: it is
estimated that restrictions of 4% on the load are equivalent to giving up 12-13 passengers [32]. Further,
high temperature increases take-off and landing distances.
Very cold temperatures determine a decrease in lift and also icing phenomena. For this reason, when
temperatures are below 0°C, de-icing and anti-icing operations are carried out regularly at airports.
Heavy precipitation events could require increased separation distances between aircraft; this affects
airport throughput [26]. Current aerodrome surface drainage capacity may be insufficient to deal with
more frequent and intense precipitation events, leading to increased risk of runway, taxiway and
electrical infrastructures flooding [33].
Long term changes in the directions of wind can adversely affect the usability of runways [34]. Runways
constructed along the locally prevailing wind direction may experience more crosswinds due to
deviations from that prevailing direction. Furthermore, the North-Atlantic jet stream will be 15%
stronger due to climate change, leading to increase of the transatlantic flight times towards the west
[35, 36].
Change in wind shear could modify strength and frequency of clear-air turbulence [37] with
implications on journey times.
An increase in sea storms is likely to occur in short term and could result in a temporary reduction in
capacity and increase delay [28] unless preventative measures, such as constructing sea defenses are
taken [34].
As introduced in the previous sections, indicators are needed in order to build descriptive and
quantitative links between extreme weather parameters (events) and the parts of the transport system
that will be affected by them, including infrastructure, operations and indirect impact to third parties.
Risks act on different time horizons, some are on day-by-day basis, others are in the long term. A
summary of indicators, impacts and related consequences is shown in Table 9 (based on the literature
and impact reviews).
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Table 9: summary of indicators, impacts and related consequences.
Indicator

T < 0°

Impact
Slipperiness
(ice
formation,
precipitation: rain/sleet/snowfall).

Consequences
form

Occurrence of freezing drizzle.

of Hazard for aviation and road
traffic.
Premature
deterioration of road and
runway pavements

Slipperiness, for example combined with very
Snowfall > 1 cm cold conditions. Troubles. The shallow snow
Increased accident rate
/24 h
layer might melt and then form an icy layer (if the
road is not salted), for example after sunset.
Prolonged electricity cuts,
Wind gust > 25 Reduced ground speed Reduced landing rate,
delays and cancellations in air
m/s
reduced lift.
traffic
T > 40°

Heat damage to surface

Prec > 50 mm/ d Water rises to street level from drains

Surface melting
Damaged roads. Separation
distance between aircraft.
Delays

Hail diameter > Route blocked, airport closed; loss of situational Delays, diversion, accident,
5 cm
awareness
incident, ground damage
Lightning

Delays, diversion, accident,
Route blocked, airport ground operation
incident, maintenance, ground
interrupted, loss of situation awareness
damage

Low visibility

Separation between aircraft increased

Turbulence

Delays, flight cancelled, airport
closed.

Passenger
discomfort;
Changes in altitude/attitude occur; variations in structural damages
indicated air speed

6.2.1 Methodology and data
Analysis of future impacts of climate change on aviation encounters problems, since many relevant
phenomena take place on space and time scales lower than scales resolved by current climate models.
This problem is more pronounced when Global Climate Models are used, so downscaling techniques
and statistical post-processing are needed to derive reliable results for small-scale phenomena. This
applies especially to high-impact weather phenomena, such as convection and related effects, ranging
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from low-level wind shear to hail and lightning strikes, clear-air turbulence (CAT) and mountain-wave
turbulence, as well as turbulence near thunderstorm tops, icing and low-level wind shear.
Climate projections analyzed in the present work were obtained with the RCM COSMO-CLM [38], in
the configuration optimized at CMCC [39]. This model is the climate version of the operational nonhydrostatic mesoscale weather forecast model COSMO-LM developed by the German Weather Service
(DWD). Simulations were performed over Italy, employing spatial resolutions of 0.0715° (about 8 km).
Initial and boundary conditions were provided by the GCM CMCC-CM [40], whose atmospheric
component (ECHAM5) has a horizontal resolution of about 85 km. The time period simulated was
1979–2100 and in particular, the CMIP5 historical experiment (based on historical greenhouse gas
concentrations) was used for the period 1979–2005, while for the period 2006–2100 two different
simulations were performed, employing the Representative Concentration Pathways IPCC RCP4.5 and
RCP8.5 greenhouse gas concentrations [41, 42]. RCPs identify the value of the additional radiative
forcing (due to the anthropic contribution), expressed in W/m2 expected for 2100 (compared to 1750
data). They form a set of greenhouse gas concentration and emissions pathways up to 2100 designed
to support research on impacts and potential policy responses to climate change.
As regards analysis of extreme events, the IPCC Assessment Report [43] defines an extreme climatic
event as one that is rare within its statistical reference distribution at a particular place and time.
Generally, an extreme weather event would normally be as rare as or rarer than the 10th or 90th
percentile of the observed Probability Density Function (PDF). Such events can be classified not only in
terms of “rarity”, but also considering “severity” and “rapidity” with respect to impact (sever or not
severe) and longevity (acute or chronic) [44]. Severity in particular is a criterion used to climate science
to define events as extreme that cause large socio-economic losses. Analysis of past and future climate
events can be carried out considering not only average atmospheric properties, but also suitable
Extreme Events Indicators (EWIs) developed by Expert Team on Climate Change Detection and Indices
(ETCCDI) [45]. The indices highlight different characteristics of extremes, including frequency,
amplitude and persistence and are widely used to assess future changes (e.g. [46]). Some indices
involve calculation of the number of days in a year exceeding specific thresholds: percentile thresholds
(specific to sites) and absolute thresholds (suitable in order to monitor extreme events that affect
human society and the natural environment). Indicators are generally introduced to evaluate progress
towards goals and objectives. Of course, they should be carefully selected in order to provide useful
information. In several situations a single indicator is not adequate so a set of them should be selected.
Indicators may reflect physical phenomena, related impacts and effects on people and the
environment (injuries, deaths and ecological damages). Of course, a proper choice of climate indices
could be made in terms of specific hazards considered, in consultation with stakeholders and policy
makers.
The ability of COSMO-CLM to simulate extreme events over Italy was assessed in [47], and in particular
the climatology of a subset of ETCCDI indices for precipitation and temperature, finding a response
dependent on the region, especially in complex topographical areas. On average, the increase in
resolution leads to a better representation of climate patterns, indicating that the high resolution
improves the simulation of smaller scale and higher variability events. According with the
considerations discussed in a previous subsection, indicators described in Table 10 have been analyzed,
since they are relevant for the present study.
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Table 10: List of indicators based on Temperature/Precipitation/Wind considered in the present work.
Label
Description
Units
TXX
Annual maximum value of daily Tmax
°C
SU
Summer days – annual count of days when the daily
days/year
Tmax is above 25°
SDII
Mean precipitation in wet days (prec > 1mm/day)
mm/day
R20
Number of days with precipitation > 20 mm/day
days/year
FG
Daily wind speed
m/s

6.2.2 Risk assessment
In order to identify the potential risks regarding climate change, airports may carry out climate change
risk assessments. The outcome is often referred to as risk exposure and is a measure of the risk that
the airport faces in relation to the climate impact. Considering that risks and exposure are generally
based on a defined timeframe, risks may increase if a longer timeframe is applied.
The account for risk exposure is generally performed by using the default ICAO risk matrix (Table 11)
that provides a risk index by combining probability and severity. Specifically, it is used a number that
corresponds to the Probability of negative outcome and a letter that corresponds to the Severity of
most likely negative outcomes. The matrix is generally a 5x5 grid, organized in colors, with some colors
representing low risk and other colors representing unacceptable level of safety, i.e. green equals low
risk; yellow equals medium risk; red equals high risk.
Table 11: The ICAO risk matrix.

Frequent
Occasional
Remote
Improbable
Extremely
improbable

Catastrophic
5A
4A
3A
2A

Hazardous
5B
4B
3B
2B

Major
5C
4C
3C
2C

Minor
5D
4D
3D
2D

Negligible
5E
4E
3E
2E

1A

1B

1C

1D

1E

A catastrophic event means that the equipment is destroyed and that there were multiple deaths. A
hazardous one implies major equipment damage and/or loss of one life or serious injury. A major
implies significant damage to equipment and/or injuries (serious incident). A minor implies slight
degradation of mission performance, while with negligible there are no significant consequences.
A further description of the severity categories, customized on Personnel, Environment, Material, and
Operations, is reported in Table 12.

Founding Members

82

D3.1 LOCAL AND REGIONAL MODELS INTEGRATED WITH
WEATHER AND CLIMATE INFORMATION

Table 12: Severity descriptors customized on Personnel, Environment, Material, and Operations.
Personnel
Environment
Material
Operations
Multiple
Extensive
Catastrophic
Massive effect
Total mission failure
fatalities
damage
Multiple
significant
Major
Hazardous
Single fatality Major effect
operational
element
damage
failure
Localized
Single significant mission
Major
Serious injury
Local damage
effect
element failure
Mission may be able to
Minor
Minor
Minor injury
Minor effect
continue with minor
damage
degradation.
Negligible
No injury
No effect
No damage
Operations continue

6.2.3 Results
A detailed analysis of the impacts of climate change in the aviation sector has not yet been conducted
over Italy. In this work, the expected climate variability over Naples Capodichino airport has been
analysed. With about 10 millions of passengers in 2019 and about 10000 tons of goods, it is the most
important airport in southern Italy.
Climate projections generated by the RCM COSMO-CLM have been investigated considering data
related to a 3x3 grid box including the airport site, and evaluating the indicators described above. All
the time series shown in the following have been obtained considering a 5-years running mean over
the historical period (1981-2005) and the future period (2006-2100) for both RCP4.5 and RCP8.5
scenarios. It is necessary to point out that the values of the indicators provided for the individual years
cannot be used in a deterministic way, but they are only able to highlight the expected trends of the
climate conditions over the XXIst century.
Figure 46-a shows the time series of TXX (annual maximum value of daily Tmax). Both scenarios reveal
an almost regular and gradual warming. Values of TXX in the past period range between 36 and 39°C,
while in the near future (i.e. until 2050) no relevant differences are recorded between the two
scenarios, but trends differ significantly later on. In fact, the projected increases of TXX by 2100 with
respect to the present climate range from 3° C under RCP4.5 to 7 °C under RCP8.5. Figure 46-b shows
the time series of SU (Summer days – annual count of days when the daily Tmax is above 25°). A
relevant increasing trend is observed both over the past period and over the projected period for both
scenarios, with peaks of 170 days/year at the end of the century under RCP8.5. As regards precipitation
indicators, Figure 47-a shows the time series of SDII (mean precipitation in wet days with prec >
1mm/day), revealing a slight increase of the value of this indicator over all the considered period under
both scenarios this result means that, in spite of the general reduction precipitation trend projected
over Italy [39] in the rainy days, precipitation will be more intense as also confirmed by a slight increase
of R20 over the considered period (Figure 47-b): this modest increase of R20 could be related to the
warmer climate of the area considered, and the proximity to the sea, since the amount of water that
evaporates increases. The time series of FG has also been investigated, but it is not shown here, since
no relevant variation trends are highlighted under both scenarios (the values of FG, daily wind speed,
are always generally between 2 and 2.5 m/s over the period analysed).
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In order to have a wider frame of the expected changes of extreme event indicators, maps over the
whole Campania region are provided. Specifically, Figures from 48 to 51 shows the maps of the
difference of the average value projected over the future period 2071-2100 (both scenarios) with
respect to the past period 1981-2010, respectively for TXX, SU, SDII, R20.
The analysis of TXX and SU reveals that the sign of temperature climate change remains the same for
both scenarios, with strong increases for RCP8.5 over the whole area and peaks over zones with
specific climate and orographic features. The map of SDII shows that a growing trend is expected not
only over the Naples area, but over about half of Campania region (the part closest to the sea), with
increases ranging between 3 and 5 mm/day. As regards R20, areas affected by increases are simulated
over the northern coastal Campania areas, while reduction are projected over internal areas especially
under RCP8.5. Maps of FG (not shown) do not reveal relevant variations for this indicator over the
whole region, for both scenarios.

Figure 47: Time series of TXX (a) and SU(b) under IPCC RCP4.5 and RCP8.5 scenarios.
a
b

Figure 48: Time series of SDII (a) and R20 (b) under IPCC RCP4.5 and RCP8.5 scenarios.
a
b

Figure 49: Maps of the difference of the average TXX value projected over the future period 2071-2100
with respect to the past period 1981-2010 under RCP4.5 (left) and RCP8.5 (right).
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Figure 50: Maps of the difference of the average SU value projected over the future period 2071-2100
with respect to the past period 1981-2010 under RCP4.5 (left) and RCP8.5 (right).

Figure 51: Maps of the difference of the average SDII value projected over the future period 2071-2100
with respect to the past period 1981-2010 under RCP4.5 (left) and RCP8.5 (right).
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Figure 52: Maps of the difference of the average R20 value projected over the future period 2071-2100
with respect to the past period 1981-2010 under RCP4.5 (left) and RCP8.5 (right).
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7 Conclusions
In this document different advanced meteo methodologies and tools to support ATM have been
designed, integrated with weather and climate information.
The AQS solution is augmented with the micro-Spray LPDM, applied on the very small spatial scale,
explicitly resolving the effect of obstacles/building on the dispersion of atmospheric pollutants from a
TMA. The Capodichino airport area has been used as a case test to demonstrate the results that can
be obtained from such an approach. Results has been compared with the output from the LPDM
described in D2.1 [51] on the same area. Although the general behavior of the two results is
substantially the same, the microscale model captures larger and extremely localized peak
concentration values; for example, NO2 peaks achieve concentrations as high as 475 µg/m3,
corresponding to about 62 µg/m3 from the larger-scale simulation, due to the change in resolution
which tends to average concentrations over larger volumes. The application of this tool proves
important for a better description of the impacts from airport areas.
The SILAM model has been applied at a greater resolution on the European region to highlight the
effects of aviation emissions onto the O3 and NO2 concentrations. Results highlight the importance to
take into consideration the complex chemistry of the ozone cycle and the interaction between aviation
emissions (mainly NOx) at high altitudes and near-surface NO2 concentrations. Also, the increased
resolution highlights the compensating effects that may happen in airport areas.
A contribution to the design of methods to be integrated in a Decision Support Tool (DST) has been
provided, aimed to provide detected and forecast hazard information along the flight route and during
take-off and landing, tailored on ATM stakeholders needs, and including the process of multi – sources
observations (e.g. satellite, radar, in situ) and multi NWP model configurations. The NWP system is
also one of the elements that will provide information for trajectory optimization in WP4 and for the
evaluation exercises in WP5.
The protection of critical infrastructures from disasters due to extreme weather phenomena must be
a priority task for all countries, having a duty to implement a series of adaptation strategies to limit
the risks associated with these events. For this reason, the definition of a framework for climate risk
assessment is strongly recommended. A first step is the identification of relevant climate change
projections over the XXI century and their potential impacts on airport infrastructures. In this work,
data provided by an RCM at high resolution have been analyzed over the Naples Capodichino airport
under two different IPCC scenarios, to obtain preliminary insights on the expected climate change for
this area.
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