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Abstract  

This report represents the deliverable D2.1 of the H2020-SESAR-CREATE project “Aviation impact on 
local environment and long term & global phenomena” related to the work done in the WP2.1 and 
WP2.2. 

The report describes the impact of aviation on local environment estimated through an analysis of air 
quality impact assessment at local scale and the quantification of emission intensity and areas of 
impact for different size and traffic airports. Comparison with other anthropogenic emission sectors 
from municipal to national scale is included, together with the relative impact of the actual practices 
in environmental impact assessment to estimate emissions and air quality impact at local to regional 
scale (considering GSE - Ground Support Equipment- activities and aircraft emissions per LTO - Landing 
and Take-Off-cycle). For demonstration purposes, this work was applied to the analysis of the impact 
of emissions from the aviation sector for the Capodichino airport (Naples), but the tools and 
methodology used are applicable to any other airport context. 

The report describes the impact of aviation as well on long-term and global phenomena (climate) 
carried out by the global atmospheric composition model SILAM (System for Integrated modeLling of 
Atmospheric coMposition) application to simulate the effect of air traffic on the UTLS (Upper-
Troposphere Lower Stratosphere) interface. UTLS is a comparatively pristine part of the atmosphere 
where even the spatially distributed forcing of aviation may play a significant role. Pathways were 
investigated for further distribution of the aircraft exhausts from UTLS to the stratosphere, where they 
can have significant impact on chemical composition and ozone-related chemistry. A series of 
simulations was performed for a period of 11 years (to cover the solar cycle period) for different 
scenarios of aviation development, including present-day intensity of flights, no aviation scenario, etc. 
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1 Introduction1 
Impact of civil aviation, carrying passengers and goods, is getting increasingly important as time goes 
by; before the COVID-19 sanitary emergence it was one of the fastest growing sectors in global 
economy, with an annual traffic increase of about 5% since 1990s. According to the “European Aviation 
Environmental Report – 2019”, in 2016, aviation was accountable for 3.6% of the total EU28 
greenhouse gas emissions and for 13.4% of the emissions from transport, making aviation the second 
most important source of GHG emissions after road traffic. European aviation represented an 
important source of air pollutants too, especially of NOx (Nitrogen Oxides), VOCs (Volatile Organic 
Compounds) and PM (Particulate Matter). In 2015, it accounted for 14% of all EU transport NOX 
emissions and for 7% of the total EU NOX emissions. Since 1990, NOX emissions from aviation have 
doubled and its share has quadrupled (while emissions from other sectors like traffic or industry have 
been significantly reduced); in the same way, relative contribution of oxides of sulphur and carbon 
monoxide have gone up. 

For these reasons, the CREATE H2020-SESAR project devotes the whole WP2 work package to an in-
depth study of the relationship between environment and aviation, focusing on the aspects of ATM. 
Deliverable D2.1 of WP2 studies in deep the impact of aviation on the local environment through an 
analysis of the impact assessment on air quality.  

 

 

1 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. 
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1.1 Acronyms 

ACCMIP Atmospheric Chemistry and 
Climate Model Intercomparison 
Project 

AEED Aircraft Engine Emissions 
Databank 

AEM Advanced Emission Model 
APU Auxiliary Power Unit 
Assaeroporti Italian Airport Association 
ATM Air Traffic Management 
BC black carbon 
BEP Building Effect Parameterization 
CAMS Copernicus Atmosphere 

Monitoring Service 
CMAQ Community Multiscale Air Quality 

Modeling System 
CO carbon monoxide 
CO2 carbon dioxide 
CORINE COoRdination of INformation on 

the Environment 
CTM Chemical Transport Model 
DMS dimethylsulfide 
DTM digital terrain model 
DU Dobson unit 
EC elemental carbon 
ECMWF European Center for Medium-

Range Weather Forecasts 
EDGAR Emission Database for Global 

Atmospheric Research 
EEA European Environmental Agency 
EF Emission Factor 
EMEP European Monitoring and 

Evaluation Programme 
EU European Union 
EU28 EU group of 28 countries 
Eurocontrol European Organisation for the 

Safety of Air Navigation 
GCM General Circulation Model 
GEIA Global Emissions InitiAtive 
GHG Green House Gas 

GMTED Global Multi-resolution Terrain 
Elevation Data 

GSE Ground Support Equipment 
HC hydrocarbons 
ICAO International Civil Aviation 

Organization 
ISPRA Istituto Superiore per la Protezione  

e la Ricerca Ambientale (Italian 
National Institute for Protection 
and Environmental Research) 

LPDM Lagrangian Particle Dispersion 
Model 

LTO Landing and Take-Off 
MEGAN Model of Emissions of Gases and 

Aerosols from Nature 
NCAR National Center for Atmospheric 

Research 
NH Nothern hemisphere 
NMVOC Non-methane VOC 
NOX Nitrogen oxides 
OC organic carbon 
Open-ALAQS  open-source Airport Local Air 

Quality Studies modelling tool 
OSM Open Street Map 
PM Particulate Matter 
RF radiative forcing 
RRTMG Rapid Radiative Transfer Model for 

GCMs 
SILAM System for Integrated modeLling 

of Atmospheric coMposition 
SOX sulphur oxides 
TIM Time In Mode 
UID  Unique Identification Number 
USGS United States Geological Survey 
UTLS Upper-Troposphere-Lower-

Stratosphere 
VOC volatile organic compounds 
WRF Weather Research and Forecasting 

model 
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2 Study logic 
To answer to the requests of WP2, the need to carry out a detailed study of the bidirectional 
relationship between ATM and environmental issues arises. This is necessary to provide a better 
understanding of the impact that aviation and related traffic management practices have on the 
environment. 

For this purpose, an advanced system for studying the impact of air quality at different spatial and 
temporal scales is proposed in this deliverable. 

As will be detailed in this deliverable, these tools allow: 

- to analyse in detail the emissions from the aeronautical sector, both on a local scale, e.g. in TMA 
areas, and on a regional/global scale, e.g. along cruise routes beyond the planetary boundary layer and 
into the stratosphere; 

- follow the fate of these emissions in the atmosphere due to dispersion processes; 

- evaluate the production of secondary pollutants (mainly ozone and particulate matter) and the 
interferences with the oxidative state of the atmosphere; 

- evaluate the effects of climatological interest (radiative effects, transport in the stratosphere). 

These tools represent an advance compared to the state of the art, as: 

- combine the preferable characteristics of the Eulerian and Lagrangian models; 

- can be used at different spatial and temporal scales; 

- it is possible to evaluate the effects on tropospheric and stratospheric chemistry. 

For demonstration purposes, in this deliverable, it will be shown how these tools can be used for a 
detailed bottom-up analysis of airport emissions on the local scale; then, global emissions will be used 
for an analysis of the effects of the trend of emissions from the aeronautical sector. 

The SILAM model will be used to evaluate the effects on the global scale. The Eulerian models (WRF 
and FARM, functionally coupled to the SILAM model) will be used at higher spatial resolution to 
evaluate the effects of emissions and the production of secondary pollutants on the local scale. The 
Lagrangian model SPRAY will be used to study the detailed effects of the dispersion processes, line by 
line, from each aircraft along a specified trajectory. 

Depending on the purposes of the applications of the different tools at the different space scales, this 
study was based on observational periods of different duration. FARM and SPRAY, being used to assess   
the airport and air traffic air quality impact at ground level, at a regional and local scale, must estimate 
air quality standards defined on an annual basis and have been applied on a recent year-long period.  

SILAM has instead been used to simulate the air traffic climatological effects on global phenomena 
and, with this aim, it was run for 20 years. 
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For demonstration purposes, the methodology will be applied on real base cases, for calculating 
emissions of European airports of different sizes and the impact on air quality of a medium-size 
European airport (Capodichino airport, Naples). All these tools will be adapted to the trajectory 
optimization work to be carried out in WP4, to minimise the environmental impact of aircraft 
operations. 

2.1 Study universality and reproducibility 

In order to exploit the presence on the territory of some project partners, their knowledge of the area 
and their ability to access the necessary local input data, the present document is focused on Naples 
airport and the surrounding areas, for what concerns local and regional air quality impact assessment. 
In spite of this choice, the level of (re)use of the described methodology for other airports is maximum, 
as it is based on data and models freely and widely available both in the aviation world and in the air 
quality assessment community. 

A list of the types of data and information necessary to perform similar studies for other airports is 
reported in the following Table 1 together with the indication of the usual data providers, the models 
that use those data and the space scale of application. It is worthwhile to be reminded that while some 
of the required data can be retrieved for any location from global datasets at the needed resolution 
(as e.g. topographic data), some other data (as e.g. land cover or anthropogenic emissions) need to be 
defined relying on local information for high resolution application. In particular, the local and regional 
scale air quality assessments need a detailed definition of anthropogenic emissions that cannot be 
supported by continental wide emission inventories, whose space resolution is coarser than the model 
target resolution. In the present application the anthropogenic emissions over the area of Naples have 
been quantified starting from the Italian national emission inventory downscaled at municipal level 
and later disaggregated in space and time to reach the target space resolution of 1 km and the time 
frequency of 1 hour. 

Table 1. General data and information necessary to reproduce the studies on any airport 

Data Type Source Atmospheric Model Space Scales 

Meteorological 
reanalysis 3D fields as 
boundary conditions 

National or 
international 

meteorological 
centres 

SILAM 
WRF 

Global 
Regional 

Terrestrial 2D fields 
(landuse, orography, 

plan of districts) 

Local, national or 
international 

topographic services 

SILAM 
WRF 

FARM 
SPRAY 

Global 
Regional 

Local 
Micro 

Airport activity 
(passenger and freight 
flows, aircraft types, 

flight schedule, 
landing, take-off, taxi 

runways and 
procedures, real time, 

actual aircraft 
trajectories, …) 

Local, national and 
international airport 
and air traffic control 

authorities 

SILAM 
FARM 
SPRAY 

Global 
Regional 

Local 
Micro 
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Data Type Source Atmospheric Model Space Scales 

Database of emission 
factors of aircraft 
engines and GSE 

International air traffic 
control authorities 

SILAM 
FARM 
SPRAY 

Global 
Regional 

Local 
Micro 

Emission inventory of 
other anthropogenic 
air pollution sources 

Local, national and 
international 

environmental 
authorities 

SILAM 
FARM 
SPRAY 

Global 
Regional 

Local 
Micro 
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3 Impact of aviation on local environment 

3.1 State of the art of atmospheric emission and dispersion tools for 
aviation impact assessment 

As far as local air quality modelling tools are concerned, since 2000, EUROCONTROL has developed a 
series of models to support Member States and the aviation community in estimating the magnitude 
of the environmental impacts that current or future air-traffic movements might have. 

To date, three main models have been given available: 

• AEM  for estimating fuel consumption and emissions; 

• Open-ALAQS for a detailed analysis of emissions around airports; 

• IMPACT for a combined analysis of the impact of noise, fuel consumption and 
  emissions generated. 

These models are used to assess future regulatory policy options such as introducing tighter aircraft 
noise and emissions standards and future trends. In addition, they are recommended models for 
conducting environmental impact assessments in SESAR. 

As already stated, all of these calculation tools are devoted to air pollutant emissions. To perform air 
quality simulations, atmospheric models are needed that calculate air pollutant environmental 
concentrations at the various space scales, form the global to the regional and to the local one, 
transforming the emissions, fed by EUROCONTROL models, according to the existing meteorological 
condition, to the boundary conditions and to the other pollution sources present in the calculation 
domain. 

3.1.1 Dispersion and photochemical models for aviation assessment 
purposes 

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. A 
dispersion model suggested by EUROCONTROL, but that is not included in the EUROCONTROL 
modelling suite, is AUSTAL2000. 

AUSTAL2000 is a Lagrangian particle dispersion model, in principle an evolute class of tridimensional 
models. It is similar to the one we adopted in this project, SPRAY, but with usage limitations with 
respect to it. In particular the CPU and memory requirements are not compatible with a simulation on 
a domain of more than 10km side domain and relatively high resolution (250m); moreover, the AUSTAL 
output does not include statistical results (calculation period average or percentiles) on regular 
receptor grids but only hourly concentration time series single receptor points. 

For these reasons, in addition to the fact that it is directly developed by ARIANET ([28]; [29]; [30]), 
SPRAY was adopted in this project at the end. SPRAY is horizontally (by domain tiles) and vertically (by 
sources) parallelized and can thus handle much more complex cases than AUSTAL, in terms of domain 
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dimensions and resolution, number of sources and of pollutants, number of source contributions that 
can be contemporarily followed separately. 

Moreover, as aviation is a source of precursors of secondary air pollution (that forms in the atmosphere 
by chemical/physical reactions), to assess its impact at regional and global scale photochemical models 
must be applied. In WP2, for the regional scale we used FARM (WP2.1 – [24]; [25]) and for the global 
scale SILAM (WP2.2 – [27]). 

3.2 Review of the common practices in air quality impact 
assessment of airport emissions 

For airports of different sizes and traffic, and from municipal to national scale, atmospheric impact 
assessment addresses two main aspects: 

1. the quantification of the emission intensity of atmospheric pollutants, compared to other sectors of 
anthropogenic emissions; 

2. the relative quantification of the areas of impact. 

In addition to the normal effective practices in environmental impact assessment to estimate 
emissions and the impact on air quality on a local and regional scale (considering GSE aircraft activities 
and emissions for LTO cycles), even more sophisticated approaches are being tested, which could be 
more useful in the process of optimizing ATM procedures for the sake of cleaner skies and mitigate 
climate changes. 

The sources of airport emissions are considered differently depending on the level of knowledge 
required: in a detailed study it is also necessary to estimate the sources on the ground (eg. induced 
road traffic or thermal plants present at the airport, bottom-up approach) while in studies on a national 
scale, relative emission are mainly estimated on LTO cycle data (top-down approach). 

3.2.1 TOP-DOWN APPROACH 
As the pollutants emitted by aviation have the major impact near the airport and progressively 
decrease with distance from the airport, what really matters in the comparison with other pollutant 
anthropogenic sources is the fraction that is produced within 1000 meters (3000 feet) of altitude; in 
ISPRA national inventory, for example, this fraction is evaluated (“top down approach”) using the 
number of national LTO cycles/year, for domestic and international flights, and it’s distributed using 
province’s LTO cycles. 

3.2.2 BOTTOM-UP APPROACH 
When it’s necessary to set up a more detailed study that will take into account all local sources related 
to the airport, a bottom up methodology has to be considered; in this case emissions are evaluated 
starting from flight movement data and it’s possible to separate emission for each phase of flight 
(Figure 1). 

LTO phases that are considered within 1000m are: 



AVIATION IMPACT ON LOCAL ENVIRONMENT AND 
LONG TERM & GLOBAL PHENOMENA 

 

 

  

 

 

 21 
 

 

 

• Approach, the last leg of an aircraft’s approach to landing, when the aircraft is in line with the 
runway and it is descending; 

• Idle (taxi in/taxi out), the movement of an aircraft on the ground, under its own power, that 
occurs from the runway threshold after  landing  (after returning to a normal taxi speed) to the 
point at which it parks and shuts down its engines and, vice versa, the controlled movement 
of an aircraft on the ground, under its own power, between the parking area and the taking-
off portion of the runway; 

• Take-off, the phase of flight in which an aircraft moves from the runway to flying in the air; 
• Climb-out, the phase of flight during which the aircraft ascents to a predetermined cruising 

altitude after take-off; 

 

Figure 1. Typical phases of flight (Emission Inventory Guidebook, 2019) 

In the bottom-up approach, the first step evaluates the mass of fuel burned by the main engines of a 
specified type of aircraft with a specified type of engine, by using for example the ICAO AEED (Aircraft 
Engine Emissions Databank, https://www.easa.europa.eu/domains/environment/icao-aircraft-
engine-emissions-databank) for turbofan and turbojet engines, which provides fuel flow [g fuel/s] for 
a very large number of aircraft engines. On the basis of the fuel burned, it is therefore possible to 
estimate the corresponding masses of certain gaseous and particulate emissions by means of the 
emission factors [g/g fuel], again provided by ICAO, which are produced by that fuel combustion. 



AVIATION IMPACT ON LOCAL ENVIRONMENT AND 
LONG TERM & GLOBAL PHENOMENA 

 

 

  

 

 

 22 
 

 

 

3.3 Quantification of emission intensity for different size and traffic 
airports 

In Europe (2019, source Eurostat [14], Table 2), the two main airports by annual passengers are London 
Heathrow and Paris Charles de Gaulle. The first Italian airport is Rome Fiumicino, with about half the 
passenger traffic of London. Napoli Capodichino has been growing its importance in recent years and, 
with about the 25% of Rome passengers, is now the fifth airport in Italy and the 53rd in Europe. 

Table 2. Ranking of European airports by annual passengers 

Rank 
2019 

Country Airport City served Passengers 

1 United Kingdom Heathrow Airport London 80,886,589 
2 France Charles de Gaulle Airport Paris 76,150,007 
…     
10 United Kingdom Gatwick Airport London 46,574,786 
11 Italy Leonardo da Vinci–Fiumicino 

Airport 
Rome 43,532,573 

12 Ireland Dublin Airport Dublin 32,907,673 
…     
19 United Kingdom Manchester Airport Manchester 29,367,477 
20 Italy Malpensa Airport Milan 28,846,299 
21 Norway Oslo Airport, Gardermoen Oslo 28,592,619 
…     
44 France Nice Côte d'Azur Airport Nice 14,485,423 
45 Italy Orio al Serio International Airport Milan/Bergamo 13,857,257 
46 Portugal Porto Airport Porto 13,107,000 
…     
50 France Lyon–Saint-Exupéry Airport Lyon 11,739,600 
51 Italy Venice Marco Polo Airport Venice 11,561,594 
52 Germany Berlin Schönefeld Airport Berlin 11,417,435 
53 Italy Napoli Airport Napoli 10,860,068 
54 Italy Catania-Fontanarossa Airport Catania 10,223,113 
55 France Marseille Provence Airport Marseille 10,151,743 
56 France Toulouse–Blagnac Airport Toulouse 9,620,224 
57 Italy Bologna Guglielmo Marconi 

Airport 
Bologna 9,405,920 

58 France/ 
Switzerland 

EuroAirport Basel Mulhouse 
Freiburg 

Basel/Mulhouse/Freiburg im 
Breisgau 

9,094,821 

… 
   

73 Bulgaria Sofia Airport Sofia 7,107,096 
74 Italy Falcone–Borsellino Airport Palermo 7,018,087 
75 Greece Thessaloniki Airport "Macedonia" Thessaloniki 6,897,057 
…     
77 Sweden Göteborg Landvetter Airport Gothenburg 6,671,361 
78 Italy Linate Airport Milan 6,570,984 
79 Norway Bergen Airport, Flesland Bergen 6,505,827 
…     
83 Spain Bilbao Airport Bilbao 5,905,804 
84 Italy Ciampino Airport Rome 5,879,496 
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Rank 
2019 

Country Airport City served Passengers 

85 Italy Bari Airport Bari 5,545,588 
86 Greece Rhodes International Airport Rhodes 5,542,567 
87 Italy Galileo Galilei Airport Pisa 5,387,558 
88 Poland Gdańsk Lech Wałęsa Airport Gdańsk 5,376,120 
…     
95 Poland Katowice Airport Katowice 4,843,889 
96 Italy Cagliari Elmas Airport Cagliari 4,747,806 
97 United Kingdom East Midlands Airport Derby/Leicester/Nottingham 4,674,338 
…     

100 Norway Trondheim Airport Værnes Trondheim 4,381,921 
 

Table 3 shows the emission estimates for different Italian airports according to a top-down approach;  

Table 4 shows their contribution to the emissions of the provinces in which they are located. 
 

Table 3. Some Italian airport emissions (tonns) as they are reported in ISPRA national inventory (2015) 

 

  Movements CO NMVOC NH3 NOX PM10 PM2.5 SO2 
Roma Fiumicino 315217 1660 567 0 1925 13 13 144 
Milano Malpensa 160484 675 240 0 1176 7 7 75 
Milano Linate 118650 335 130 0 384 3 3 32 
Venezia 81946 263 97 0 386 3 3 28 
Bergamo 76078 198 51 0 381 3 3 27 
Bologna 64571 171 55 0 259 2 2 20 
Napoli 60261 156 54 0 229 2 2 18 
Catania 54988 160 49 0 238 2 2 18 
Roma Ciampino 53153 140 50 0 199 2 2 15 
Torino 44261 127 38 0 140 1 1 12 
Palermo 42407 109 31 0 164 1 1 12 
 



AVIATION IMPACT ON LOCAL ENVIRONMENT AND 
LONG TERM & GLOBAL PHENOMENA 

 

 

  

 

 

 24 
 

 

 

Table 4. Percentage contribution to the related province’s total emissions 

 

While taking into account the intrinsic peculiarities of each of these situations (i.e., type of airport, 
inhabitants and industrial activities of the reference area, and so on), it is interesting to observe how, 
in any case, the relative contribution to overall emissions is in no way negligible. For Milan Malpensa 
the higher percentage contribution to the provincial emissions is due to the fact that it is actually 
located in the province of Varese with a population that is 4 times smaller than the province of Milan. 

3.3.1 Emission estimates for different Italian airports according to a bottom-
up approach 

In the last 15 years, bottom-up emissions were calculated for several airports, going deeper and deeper 
in the definition of the different flight phases. Below (Table 5 and Table 6) the results for Pisa and 
Venice, respectively 87th and 51st in Europe for passengers in 2019 (12th and 4th in Italy): 

Table 5. Pisa airport: aircraft emissions (tonns, 2007) 

 

Airport CO NMVOC NH3 NOX PM10 PM2.5 SO2 
Roma Fiumicino 1.2% 0.9% 0.0% 4.3% 0.1% 0.2% 2.9% 

Milano Malpensa 2.9% 1.0% 0.0% 10.9% 0.4% 0.4% 5.7% 
Milano Linate 0.5% 0.3% 0.0% 1.3% 0.1% 0.1% 2.1% 

Venezia 0.7% 0.7% 0.0% 2.4% 0.1% 0.1% 0.9% 
Bergamo 0.5% 0.2% 0.0% 2.9% 0.1% 0.1% 1.6% 
Bologna 0.6% 0.2% 0.0% 2.0% 0.1% 0.1% 4.4% 
Napoli 0.2% 0.2% 0.0% 0.8% 0.0% 0.0% 1.5% 
Catania 0.8% 0.3% 0.0% 3.4% 0.1% 0.2% 7.8% 

Roma Ciampino 0.1% 0.1% 0.0% 0.4% 0.0% 0.0% 0.3% 
Torino 0.1% 0.1% 0.0% 0.7% 0.0% 0.0% 2.6% 

Palermo 0.4% 0.1% 0.0% 1.9% 0.1% 0.1% 2.8% 
 

phase CO BENZENE NOX PM10 
APP 29.05 0.06 51.50 0.02 
C/O 1.88 0.00 32.38 0.02 
IDLE  187.34 0.32 27.37 0.01 
T/O 6.95 0.01 177.21 0.26 
TOT 225.22 0.39 288.47 0.32 
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Table 6. Venice airport: aircraft emissions (tonns, 2019) 

 

As shown in the tables, emissions have different characteristics, from qualitative and a quantitative 
point of view, according to the LTO phases and the relative engine thrusts, and each phase is 
characterized by qualitatively and quantitatively different emissions according to the type of aircraft, 
the type and number of engines, the fuel used. 

In a bottom-up approach, other important ground emission sources are to be considered: to estimate 
emissions for air quality impact at local to regional scale it is important to quantify exhausts from, for 
example: 

• APUs; 
• vehicular traffic flows (passengers and goods) to and from the airport itself (ground access 

vehicles); 
• GSEs, necessary for manoeuvring parked aircrafts and aircraft assistance activities; 
• fixed facilities within the airport area (thermal power plants, electrical cabins and generators, 

air conditioning systems, refuelling points of fuel, fugitive vapours from refuelling operations, 
maintenance of aircraft at hangars and maintenance workshops, maintenance work). 

3.3.2 Bottom-up emission estimate for the Napoli Capodichino airport 
To perform a bottom-up emission estimate for the Napoli Capodichino airport, the European Emission 
Inventory Guidebook (EMEP / EEA, 2019) suggests as the most detailed calculation method available 
(Tier3b) the use of AEM Kernel developed by EUROCONTROL. This model implements a methodology 
fully recognized by ICAO in 2008 as recommended for assessing the impact on fuel consumption and 
emissions from air traffic operations. 

The input data are referred to the aircraft register for Napoli Capodichino with reference to the whole 
2018 year, comprising both departures and arrivals. For the model calculation, the needed information 
to perform the emission calculation are at least the aircraft type/model and the time spent in each 
phase of LTO cycle, summarized as follows: 

- Taxi-Out (taxi from the parking area towards the runway); 
- Take-Off (start of the take-off phase); 
- Climb-out (ascent up to 3000 ft); 
- Approach (descent below 3000 ft); 
- Landing (final landing phase); 
- Taxi-In (taxi from the runway to the parking area). 

Emissions are calculated for each LTO phase according to the following TIMs: 

phase CO BENZENE NOX PM2.5 SOX 
Taxi-Out 177.75 0.387 36.14 0.9 6.84 
Take-Off 4.13 0.012 196.62 0.9 6.37 

Climb-Out 3.74 0.011 129.35 0.8 5.25 
Approach 10.5 0.017 35.59 0.43 3.04 
Landing 10.5 0.017 35.59 0.43 3.04 
Taxi-In 91.33 0.196 18.7 0.47 3.53 
TOTALE 297.94 0.641 452 3.92 28.08 
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Table 7. Time spent in each LTO phase for NAP airport  

LTO phase Time sec 

Taxi-in 303 

Taxi-Out  669 

 Climb-Out  132 

 Take-Off  42 

Approach/landing 240 

 

The EFs, expressed in mass per unit of time, are specific for each engine and LTO phase, so the model 
matches the aircraft model with the number and type of engine installed on it through its UID, in 
accordance with its internal database. 

Through AEM, all movements contained in the 2018 flight register were processed to initially calculate 
the burned mass of fuel, using the ICAO methodology based on the LTO cycle valid below 3000 feet 
(exhaustive for our local study domain of sides 38x38 km) and subsequently, the atmospheric emissions 
of gaseous substances (including CO2, NOX, SOx, HC, CO, benzene, VOC) and particulates due to the 
combustion of the fuel. In summary, the total emissions produced by the aircrafts with reference to 
the LTO cycle of the Napoli Capodichino airport, within the local calculation domain (1) (see also Figure 
7 - right), during the entire year 2018 according to the AEM model output are shown in the following 
table:  

Table 8. Aircraft emissions with reference to the local domain (1) (38 km x 38 km). 

LTO phase CO 
[t/yr] 

HC 
[t/yr] 

C6H6 

[t/yr] 
NOX 

[t/yr] 
SOX 

[t/yr] 
PM2.5 
[t/yr] 

Approach/Landing  12.1 1.025 0.020 40.6 3.7 0.53 
Climb-Out 4.9 0.663 0.013 136.7 5.7 0.97 
Take-off 1.7 0.246 0.005 63.7 2.2 0.32 

Taxi (in-out) 133.1 14.695 0.287 29.0 5.5 0.71 
Total LTO emissions 151.7 16.629 0.325 270.0 17.1 2.54 

 

The emission values with reference to the regional calculation domain (2) (see also Figure 7 - right) 
differ from the previous ones only for the addition of the Descent and Climb phases reflecting the 
portions of route that belong to the new spatial extension (180 x 176km).  

Table 9. Aircraft emissions with reference to the regional domain (2) (180 km x 176 km). 

Phase CO [t/yr] HC [t/yr] C6H6 [t/yr] NOX [t/yr] SOX [t/yr] PM2.5 [t/yr] 
LTO emissions 151.7 16.629 0.325 270.0 17.1 2.54 

 Descent  45.1 3.811 0.074 151.2 13.7 1.97 
 Climb 34.4 4.695 0.092 967.3 40.3 6.88 

Total emission (2) 231.2 25.135 0.5 1388.6 71.0 11.39 
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The aircraft emissions are associated to linear sources corresponding to 2D ENAV routes from/to 
Napoli Capodichino runways, proportionally to the frequencies of the real radar positions of aircrafts 
collected during the 2018. The set of linear sources (both approach and departure routes) within the 
local domain are shown in the following figure:  

 

Figure 2. Linear sources of aircraft emissions within the local calculation domain (38 x 38 km) 

The time disaggregation of emissions throughout the year of simulation is derived from the 2018 flight 
data and it can be described by three modulation profiles referred to the monthly activity and the 
typical daily and weekly distribution of movements:  
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Figure 3. Time modulation profiles for emission distribution during the year, week and day. 

To estimate the impact of the airport on the local air quality it is good practice to consider at least the 
contribution in terms of atmospheric emissions from Ground Support Equipment (GSE).  

Not having specific data regarding the fleet of these vehicles and their real activity for the Capodichino 
airport, a list of GSEs supporting each aircraft was defined basing on information derived from other 
Italian airports. 

Table 10. GSE list and operating parameters 

# EDMS TYPE % use comments Power Hp Time min Load F. 

1 Cargo Loader 104% 2 x Intercontinental fl. 59 30 0.5 
1 Baggage Tractor 100% All flights 59 45 0.55 
1 Hydrant Truck 50% Arrivals 235 10 0.7 
1 Push back 50% Departures 174 6.5 0.8 
1 water truck 50% Arrivals 58 10 0.53 
1 Cleaning toilettes truck 50% Arrivals 58 10 0.53 
2 Passenger Stand 50% No finger 58 5 0.57 
1 GPU 1% Power supply OFF 106 45 0.82 
1 Air Start 0.5% APU failure 353 5 0.9 
1 Air Conditioner 0.5% APU failure 300 30 0.75 
1 Lavatory Truck 2% Intercontinental dep. 71 45 0.53 
1 Catering Truck 2% Intercontinental dep. 59 45 0.53 
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1 Lift 5% passengers with disabilities 115 6 0.5 
1 APU 100% All flights 300 15 1 

 

To estimate the emissions of these vehicles, the EDMS (Emissions and Dispersion Modeling System) 
emission factors supplied in mass per unit of power and available year by year were applied. Since the 
average life of these vehicles is 20 years, it was considered reasonable to apply the EDMS 2010 
emission factors. The result of the emission calculation for GSE is shown in the following table:  

Table 11. GSE emissions operating in the Napoli airport during 2018 
 

CO [t/yr] HC [t/yr] NOX [t/yr] SOX [t/yr] PM10 [t/yr] 
GSE emission  10.6 1.9 18.7 0.3 1.6 

 

The GSE emissions are associated to the aircraft apron, which corresponds to the area source shown 
in the following figure:  

 

Figure 4. Area source representing GSE emissions. 

The time modulation of GSE emissions follows the aircraft activity as described by the profiles in the 
Figure 3. 
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3.3.3 Comparison of airports emissions with other anthropogenic emission 
sectors 

Emissions for a photochemical model must include all the sources (natural and anthropic) present 
within the simulation domain. Therefore, for the FARM simulation, the emissive input was prepared 
by combining: 

• emissions related to the bottom up Napoli Capodichino airport as in chapter 3.3.2 ; 

• emissions related to the rest of the Italian anthropic sources within the simulation domain 
were provided by ISPRA, the Italian environmental agency, provided at the provincial level for 2015 
(available at http://www.sinanet.isprambiente.it/it/sia-ispra/inventaria/disaggregazione-
dellinventario-nazionale-2015/view), disaggregated at municipality level and subsequently spatialized 
over the domain thanks to the use of appropriate proxy variables, which are assumed to be 
representative of the spatial distribution of the relative emissions. For example, domestic heating 
emissions were spatialized over urban areas identified through CORINE land cover database provided 
by European Environment Agency ([13]); 

The input to the model was prepared through the Emission Manager preprocessor, which performs 
the sequence of operations illustrated conceptually in Figure 5: 

• chemical speciation; 

• spatial disaggregation on the calculation grid; 

• hourly modulation based on annual, weekly and daily typical profiles of each activity. 

 

Figure 5. Flow chart of emission estimation starting from inventory data 

The chemical speciation allows to pass from the aggregate species present in the inventory data 
(NMVOCs, PM, NOX) to the chemical species necessary for the model (single organic species or 
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functional groups considered by the chemical mechanism, particulate split into dimensional classes 
and chemical components, NO and NO2) based on typical profiles of each emission activity. 

All the sources located within regional boundaries are considered (diffuse and point emissions) and in 
Table 12 all emissions are presented, split into 11 macrosectors, and those bottom-up from the airport. 

Table 12. Annual emissions of principal pollutants split into 11 macrosectors considering all the sources located 
in Campania and Capodichino airport. 

 

Focusing on NOX emissions, the principal sources are road transport (56%), other mobile sources (24%) 
and non-industrial combustion (8%). The sources distribution is different for PM10: non-industrial 
combustion generates about a half of total emission (44%), mostly due to biomass burning, while 
vehicular traffic and agriculture produce respectively 40% and 8% of PM10 regional emission. The 
airport contributes for 2% on NOX regional emissions. 

Spatial disaggregation makes it possible to pass from emission data associated to the municipal 
polygons to a gridded emission used by the model. This is done thanks to themes at the grid resolution 
(1 km for this application). Firstly, each polygon is intersected with the grid cells, and the emissions 
associated with it are distributed proportionally over the cells to the resulting intersected area 
between the starting polygon and the cells. 

The distribution is then corrected through a grid theme, which represents the percentage of each cell 
covered by a given type of land use (eg urban areas, industrial, agricultural areas, etc.) correlated with 
the emissions present in each cell. The reference themes are obtained by projecting and re-gridding 
the land use database CORINE Land Cover 2012 at the target resolution. Focusing on road traffic 
emissions associated to motorway and extra-urban traffic, specific themes have been generated 
intersecting road polylines, by OSM, and grid cells and computing final lengths resulting from the 
intersection. 

Finally, the annual total emission data was split into hourly data by means of annual, weekly and daily 
profiles for each activity. 

Emissions from the main natural sources are estimated dynamically on the domain for the entire 
period. The biogenic emissions have been estimated on the calculation grid on an hourly basis starting, 
using Plant-Specific Emission Model ([25]), from the hourly meteorological fields and information on 
land cover. 
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Sea salts emissions and dust resuspension due to wind erosion are also estimated on an hourly basis, 
using the parameterization used in CMAQ ([36]), depending on humidity and wind speed fields. 
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3.4 Meteorological reconstruction over the area of the Napoli 
Capodichino Airport 

The air quality reconstruction of the impact of pollutant sources over a certain area using dispersion 
modeling needs a good reconstruction of the meteorological conditions. In the present work, the 
atmospheric pollutant dispersion is reconstructed using advanced three-dimensional models and, in 
this respect, it is necessary to have a complete three-dimensional meteorological data set, which 
realistically reproduces the wind and temperature characteristics in the investigated domains. In this 
specific case, the necessary meteorological fields were reconstructed by applying WRF2 ([26]), which 
can be considered as a consolidated system and for which there is a vast scientific literature under 
development, including application and validation activities all over the world. WRF boasts a huge 
community of worldwide users of any kind (including researchers, public bodies and consultants), with 
more than 48,000 registered units in 160 countries. WRF was used to reconstruct the meteorological 
fields over the area of interest at a relatively high resolution, 1 km horizontal grid spacing, for the entire 
year 2018 on hourly basis. The following paragraphs will describe in more detail the activities made to 
produce this dataset, resuming the most significant results achieved.  

3.4.1 Geographical and meteorological data acquisition 
Being a limited area meteorological model, WRF requires as input boundary conditions driving the 
evolution of meteorological fields on a synoptic scale at the domain limits. This information can be 
extracted either from meteorological analyzes or forecasts produced by models running at larger 
scales such as global models, typically used by the main national and international meteorological 
services. For the reconstruction of past meteorological events, the use of meteorological analyzes is 
normally preferred, based on the integration of experimental observations in the calculations 
produced by prognostic models. The ERA5 reanalyzes ([18]) produced by ECMWF, distributed by the 
Copernicus Climate Change Service3, were selected among the available and freely accessible data at 
the international level. This dataset is available for the period ranging from 1979 and today. The three-
dimensional fields of the variables necessary for the application of WRF were downloaded for the 
entire year 2018, with a three-hour frequency. In particular, the meteorological fields of the analyzes 
on pressure levels were extracted for an area between 45 degrees west and 70 degrees east of 
longitude and between 10 and 75 degrees north of latitude, to include the entire European continent. 
The application of the WRF meteorological model requires the availability of constant information 
capable of describing the characteristics of the earth's surface in the area considered for the 
simulations. These data include: the digital model of the land, the description of land use, and a series 
of ancillary information regarding the characteristics of the subsoil, the earth's surface and its natural 
or artificial cover. The reference databases for all the required variables are made available, together 
with the WRF code, by NCAR (http://www2.mmm.ucar.edu/wrf/users). The set of available 
information is considered sufficient for the characterization of the land inside the area of interest. In 
particular, the DTM is characterized by a spatial resolution of 30 seconds in latitude and longitude and 
can therefore be considered adequate for the description of the area of interest with a spatial 

 

 

2 http://www.wrf-model.org/; http://www.mmm.ucar.edu/wrf/users/ 

3 https://cds.climate.copernicus.eu/#!/search?text=ERA5&type=dataset 
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resolution of 1 km. The WRF database relating to the aforementioned DTM was built starting from the 
data of the GMTED database (https://lta.cr.usgs.gov/GMTED2010) of USGS. Since the description of 
land use available within the standard WRF databases is considered unsatisfactory for our local 
purposes, the CORINE Land Cover European reference database was then added to the WRF standard 
one, in order to obtain the best possible description of the land cover over the area of Napoli 
Capodichino. The CORINE Land Cover is produced by EEA, integrating the national databases and is 
distributed through the Land Monitoring Service of the Copernicus system (http://land.copernicus.eu). 
The CORINE 2012 data in raster format at a spatial resolution of 100 m were introduced among the 
databases available for the WRF WPS pre-processor, remapping the 44 CORINE classes (level 3) into 
the 24 USGS land use classes, already interpreted from WRF in the parameters relating to the soil and 
the atmospheric surface layer. The use of urban parameterizations in WRF also requires the subdivision 
of the areas characterized by urban land use into the following three subclasses: 1) High-intensity 
residential, 2) Low-intensity residential, 3) Commercial / Industrial. The required classification was 
obtained through the remapping of the urban classes of CORINE Land Cover according to the scheme 
shown in Figure 6.  

 

Figure 6. Correspondence between the urban classes of CORINE Land Cover and the USGS classes used by the 
urban parameterizations implemented in WRF. 

3.4.2 Model configuration 
The configuration of WRF was based on 4 computational nested domains characterized by horizontal 
resolution meshes of 45, 9, 3 and 1 km respectively for continental Europe and central-western 
Mediterranean, central-southern Italy, Campania Region and for the central area of Campania 
centered on the flat hinterland and the Napoli-Caserta conurbation (see Figure 7), together with the 
Napoli Capodichino airport area. 41 vertical levels were 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. The calculation was 
performed in two-way-nesting mode. 
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Figure 7. Computational domains considered in WRF (left) and detail of the two innermost domains (right). 

The physical parameterizations used in configuring the simulation of WRF nationwide are detailed in 
Table 13. 

Table 13. Physical parameterizations used for the WRF simulations 

WRF ARW 4.1.1 physical scheme Description 

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

Long wave radiation RRTMG 
Short wave radiation RRTMG 
Cumulus convection Kain-Fritsch scheme (deep and shallow convection), on the two 

outer grids only 
Surface model Noah Land Surface Model 
Surface layer Eta similarity (based on Monin-Obukhov theory) 

Boundary layer Mellor-Yamada-Janjic Eta operational scheme 
Urban BEP 

 

Figure 8 and Figure 9 show two examples during winter (1/1/2018 12:00, Figure 8) and summer 
(1/7/2018 12:00, Figure 9) of the wind fields close to the ground at 1 km horizontal resolutions 
generated by WRF. To allow a better graphical representation, the arrows are plotted at a horizontal 
resolution of 3 km. A south western wind is present on the sea. During the winter day, this direction 
of the wind persists inland, identifying a synoptic forcing. During the summer day, the south western 
direction is only penetrating some kilometers inland, identifying a typical sea breeze condition.  
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Figure 8. Example of the wind field close to the ground generated by WRF at the 1 km horizontal resolution 
1/1/2018 12:00. 

 

Figure 9. Example of the wind field close to the ground generated by WRF at the 1 km horizontal resolution 
1/7/2018 12:00 
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3.4.3 Validation of the meteorological simulation 
The results of the WRF meteorological simulations were compared to the observations of the METAR 
stations of Napoli Capodichino (ICAO LIRN code) and Grazzanise (ICAO LIRM code) airports. From the 
three-dimensional fields produced by the model simulations, the time series of the meteorological 
variables comparable with the observations available at the measurement points were extracted. The 
location of the available measurement stations is illustrated in Figure 10. The meteorological 
measurements of the two METAR stations were downloaded from the NCAR Research Data Archive 
(http://rda.ucar.edu/data/ds336.0/). The comparison was made considering air temperature, relative 
humidity, wind speed and direction at hourly frequency. 

 

Figure 10. Meteorological stations of Napoli Capodichino LIRN and Grazzanise LIRM. 

The comparison between the histograms of the 2m temperature values at the Napoli Capodichino 
airport station for the whole year 2018 shows a satisfactory reconstruction of the variability of the 
observed values (Figure 11 and Figure 12). The box-plots represent the distribution of values through: 
median, first and third quartile, first data above the first quartile minus 1.5 times the interquartile 
distance, last data below the third quartile plus 1.5 times the interquartile distance; any data outside 
this range of values are considered outliers and represented individually. The figures show a 
substantial overlap of the calculated and measured temperature distributions, with a correlation of 
0.94, a BIAS of −0.13 °C and an RMSE of 2.38 °C. The model reproduces the bimodal structure of the 
observed histogram, and produces a lower number of extreme values, even if the box-plot shows the 
presence of outliers measured outside the limits of acceptability, which should be removed. The 
diurnal cycle of temperatures is well reproduced. 
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Figure 11. Comparison between the temperature values calculated by WRF and observed at the Napoli 
Capodichino LIRN airport station during the year 2018. Box plot (left) and average daily cycles (right). The 

blue triangles indicate the fraction of experimental data available each hour (rightmost scale). 

 

Figure 12. Comparison between the histograms of the calculated and observed temperature values at the 
Napoli Capodichino LIRN airport station during the year 2018.  

A comparison between the calculated and measured values for relative humidity shows substantially 
positive results, with a slight tendency to underestimate, more evident for the minimum diurnal values 
(Figure 13). The comparison between the histograms confirms the tendency of the model to produce 
slightly lower humidity values (Figure 14). The statistical indicators calculated quantify the good result 
of the simulation: BIAS = -3.3%; RMSE = 14.7%; Corr. = 0.66. 
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Figure 13. Comparison between the relative humidity values calculated by WRF and observed at the Napoli 
Capodichino LIRN airport station during the year 2018. Box plot (left) and average daily cycles (right). The 

blue triangles indicate the fraction of experimental data available each hour (rightmost scale). 

 

Figure 14. Comparison between the histograms of the calculated and observed relative humidity values at 
the Napoli Capodichino LIRN airport station during the year 2018.  

The distribution of the calculated wind speeds for the Napoli Capodichino airport shows a good 
representation of the observed values, with a tendency to underestimate both the mean and extreme 
values (Figure 15). The diurnal cycle (Figure 15, right) shows that the underestimation occurs mainly 
at night, while the comparison of histograms (Figure 16) shows that discrepancies regard mainly wind 
higher than 5 m/s and lower than 1 m/s (usually not well described by airport measurements archived 
in knots) The yearly BIAS value is about -0.5 m/s (Figure 16). The correlation index, equal to 0.58, is 
lower than that obtained for the temperature but in line with the values usually obtainable from 
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meteorological models comparisons with observations within the atmospheric boundary layer. The 
root mean square error is approximately 1.5 m/s. 

 

Figure 15. Comparison between the wind speed values calculated by WRF and observed at the Napoli 
Capodichino LIRN airport station during the year 2018. Box plot (left) and average daily cycles (right). The 

blue triangles indicate the fraction of experimental data available each hour (rightmost scale). 

 

Figure 16. Comparison between the histograms of the calculated and wind speed values at the Napoli 
Capodichino LIRN airport station during the year 2018.  

The comparison between the simulated and observed wind roses at the Napoli Capodichino airport 
(Figure 17) shows a good reproduction of the characteristics of the local circulation, with rotation to 
the west of about 22.5 degrees of the two prevailing sectors of origin of the winds around north and 
south. 



AVIATION IMPACT ON LOCAL ENVIRONMENT AND 
LONG TERM & GLOBAL PHENOMENA 

 

 

  

 

 

 41 
 

 

 

 

Figure 17. Comparison between the observed (left) and simulated (right) wind roses at the Napoli 
Capodichino LIRN station. The percentage values along the radial axis are not the same for the two graphs. 

The comparison between the calculated and observed temperature values at the Grazzanise airport 
station for the whole year 2018 shows a satisfactory reconstruction of both the distribution and the 
diurnal cycle (Figure 18). Figure 19 shows a substantial overlap of the calculated and measured 
temperature histograms, with a moderate underestimation of the highest values, with a correlation 
index equal to 0.96, BIAS of −0.42 °C and RMSE of 2.21 °C. The model basically reproduces the bimodal 
structure of the observed histogram. 

 

Figure 18. Comparison between the temperature values calculated by WRF and observed at the Grazzanise 
LIRM airport station during the year 2018. Box plot (left) and average daily cycles (right). The blue triangles 

indicate the fraction of experimental data available each hour (rightmost scale). 
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Figure 19. Comparison between the histograms of the calculated and observed temperature values at the 
Grazzanise LIRM airport station during the year 2018. 

The comparison for relative humidity at the Grazzanise station shows that the model tend to 
underestimate values measured during the whole 2018(Figure 20). However, it should be noticed the 
peculiar characteristic of the distribution of the observed values (Figure 20 left) that is made even more 
evident by the comparison of histograms (Figure 21), with a clear prevalence of humidity values above 
75% (roughly corresponding to the lower quartile of the box plot), the marginal presence of values 
below 50% (represented as outliers in the box plot)and a very limited number of saturation values 
(Figure 21). This feature raises questions about the quality of the measurements or their possible 
limited space representativity. Despite the discussed differences between predicted and observed 
humidity in Grazzanise, the statistical indicators calculated quantify an acceptable result, with: BIAS = 
-9.6%; RMSE = 17.6%; Corr. = 0.61. 
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Figure 20. Comparison between the relative humidity values calculated by WRF and observed at the Napoli 
Grazzanise LIRM airport station during the year 2018. Box plot (left) and average daily cycles (right). The blue 

triangles indicate the fraction of experimental data available each hour (rightmost scale). 

 

Figure 21. Comparison between the histograms of the calculated and observed relative humidity values at 
the Grazzanise LIRM airport station during the year 2018. 

Wind observations measured at the Grazzanise station were available only within the period 
06/15/2018 - 10/31/2018. The comparison is therefore limited to the summer season only. During the 
available period, the distribution of the calculated wind speeds shows a good representation of the 
observed values(Figure 22 left), with a tendency to underestimate the hourly mean values during the 
night and to overestimate them during the day (Figure 22 right). The simulation made it possible to 
obtain a fairly good reproduction of the wind speed histogram, with an overestimation of the 
frequency of winds lower than 1 m/s and higher than 5 m/s and an underestimate of the frequency of 
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speeds between 2 and 5 m/s. A very small BIAS value, just over 0.1 m/s, has been obtained together 
with a correlation index of 0.67, and a mean square error of approximately 1.6 m/s (Figure 23).  

 

Figure 22. Comparison between the wind speed values calculated by WRF and observed at the Napoli 
Grazzanise LIRM airport station during the year 2018. Box plot (left) and average daily cycles (right). The blue 

triangles indicate the fraction of experimental data available each hour (rightmost scale). 

 

Figure 23. Comparison between the histograms of the calculated and wind speed values at the Napoli 
Grazzanise LIRM airport station during the year 2018. 

Finally, the comparison of the wind roses (Figure 24) at the Grazzanise airport shows a good 
reproduction of the characteristics of the local circulation, with very limited differences with respect 
to the directions of the prevailing winds.  
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Figure 24. Comparison between the observed (left) and simulated (right) wind roses at the Napoli Grazzanise 
LIRM station. The percentage values along the radial axis are not the same for the two graphs. 
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3.5 Air quality impact assessment of the Napoli Capodichino airport: 
local scale reconstruction  

3.5.1 General methodology 
Pollutant dispersion in the atmosphere is usually studied by means of simplified models which can face 
easily the pollution simulation for long time periods (1 year or more), allowing the impact assessment 
of selected sources (point linear or areal), both by numbers and by spatial maps on the surroundings, 
to be compared with the stated air quality standards. These techniques are usually considered enough 
to assess the maximum impact of atmospheric emissions and give, on average and for long periods, 
resulting coherent enough with observations from air quality networks when the meteorological 
situations are nearly uniform and stationary. Gaussian models are instead critical in some situations 
mainly due to following reasons: 

• inadequateness in treating the complex terrain and the local circulation and calm wind 
conditions; 

• impossibility of following correctly the time evolution of emissions in the atmosphere; 
• recirculation phenomena cannot be taken into account; 
• the spatial variation of meteorological variables are not taken into account: for example, the 

transport direction of pollutants is the same over the entire calculation domain. 
• To face these kinds of complex situations, tridimensional modelling must be applied as it can 

be able to reconstruct the dynamic evolution of pollutants inside the atmospheric fluid. In this 
context, for the realization of the study, the modelling is used includes advanced calculation 
methodologies to describe the transport and dispersion of pollutants into the atmosphere. 

The results from the meteorological simulations performed by the WRF model for the entire year 
2018 were used, to allow the calculation of the 3d wind and temperature fields in target 
computational domain, taking into account the main physical aspects induced by the morphology 
of the zone at relatively high resolution. 

The modules Swift, SurfPro and SPRAY are considered:  

• the diagnostic reconstruction models Swift and SurfPro, to downscale the mean 
flow/turbulence fields generated by WRF to a scale compatible with the local dispersion 
simulations, taking into account more details generated by local orography/land-use 
characteristics; 

• the stochastic Lagrangian Particle Dispersion Model SPRAY for the simulation of the dispersion 
of pollutants emitted by the Aviation-related activities during the year 2018. 

Figure 25 illustrates a block diagram that describes the various steps that are followed to carry out the 
simulations using the modeling system at local scale. 
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Figure 25. Block diagram describing the structure of the modeling system at local scale 

Swift ([2], [15]) is a “mass-consistent” diagnostic model able to reconstruct three-dimensional fields 
for wind and temperature. 

For what concerns the wind field, the model mainly acts in two phases: 

• it interpolates the input wind data on the three-dimensional computational domain; 
• in the second ‘objective analysis’ phase, it applies the fluid-dynamic principle of mass 

conservation to each domain cell, thus producing an adjusted wind field. 

 
The adjusting phase consists in eliminating the divergence from the interpolated field by minimizing 
the following function: 
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where :u0, v0, w0 are the Cartesian components of the interpolated field  

   u,  v,  w  are the Cartesian components of the adjusted field  
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 is the Lagrange multiplier 

u  is the divergence of wind vector u  = (u,  v,  w)  

The parameter  makes it possible to discriminate between the adjusting of wind speed vertical and 
horizontal components: =1 means no difference in the adjusting level, whereas lower/higher 
parameter values mean a main contribution from the horizontal/vertical wind field component. The 
value of this parameter also depends on the ratio between the flux fraction passing around the 
topographic obstacle and the one that overtakes it vertically. It is often used to take into account the 
influence of atmospheric stability on the wind flow Generally the wind field vertical component (w) is 
not taken into account during the interpolation phase, since no three-dimensional grid is available to 
compute that parameter. Therefore w0 is set at 0 for each computational cell, while w is generated by 
the model during the adjusting phase, taking into account the topography slopes at the simulated 
resolution.  “Mass-consistent” models provide the best null-divergence wind field adjusted over the 
topography, which minimizes the global deviation from the initial raw interpolation. That is why great 
importance is given to the first interpolation phase of wind measures, in view of the final wind field 
construction process. Besides the measurement heights of vertical profiles, the obtained interpolated 
field also depends on the spatial configuration of the measurement position. 

SurfPro ([1], [23]) is a pre-processor for air pollution models that need as input gridded fields of 
turbulence and deposition velocities. Starting from topography, a landuse mask and meteorological 
data, it provides gridded fields of main turbulence scale parameters of the Planetary Boundary Layer, 
as well as 2D fields of deposition velocities for a given set of chemical species. The code can manage 
as meteorological input three dimensional fields of wind and temperature generated by MINERVE. The 
solar radiative forcing is generated according with the geographical position of each grid point and its 
effect is coupled with the land-use characteristics, taking also into account topography slopes, 
shadowing effects and the cloud cover. Using different turbulence parameterization schemes 
consolidated in literature, SurfPro generates two dimensional non-homogeneous fields of : 

• surface roughness z0 derived from the Land-use classification 
• height of the nocturnal Boundary Layer or the diurnal Mixed Layer Hmix  
• friction velocity u* 
• Monin-Obukhov lenght L 
• convective velocity scale w* 

In addition, the model can also generate 2D non-homogeneous fields of dry deposition velocities for 
different species (gaseous or particulate) applying a resistive scheme.  

SPRAY 3.1 ([28]; [29]; [30]) is a three-dimensional model for the simulation of airborne pollutant 
dispersion, taking into account either spatial or temporal variations of the mean flow and turbulence. 
The code is able to reproduce concentration/(dry and wet) depositions fields deriving from point, line, 
area or volume sources. The airborne pollutant is simulated by means of ‘virtual’ particles, whose 
motion is defined both by local mean wind and by stochastic velocities that reproduce the atmospheric 
turbulence statistical behaviour. In this way different parts of the emitted plume can deal with 
different details of the atmospheric flow, thus allowing more realistic simulations in complex 
meteorological conditions, which are usually difficult to reproduce with traditional models (presence 
of vertical shear, low wind speed, temperature inversion due to the altitude, flow over complex 
topography, presence of topographical discontinuities such as sea-land or town-countryside). This 
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version of the code reproduces the transport, dispersion, dry and wet deposition of chemically inert 
species. Each particle motion is reproduced by means of the following equations: 
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in which x, y, z are the Cartesian coordinates of each single particle in the three-dimensional domain 
and ux, uy, uz are the velocity components, divided in mean component and turbulent fluctuation. The 
mean component is obtained by MINERVE/Swift model in a terrain-following reference frame x,y,s, in 
which vertical coordinate s is defined as:  

s =  
z -  z

z z
g

top g−
 

where z is the vertical geometric coordinate, ztop is the height of the computational domain and zg(x,y) 
is the height of topography. Particles linearly interpolate the wind value in the x,y,z point where they 
are located just using the values found in these arrays. SPRAY 3.1 can simulate unstable conditions by 
means of a linear temporal interpolation between the values of two subsequent arrays. 

Turbulent fluctuations u'x, u'y and u'z, leading to diffusion, are determined by solving Langevin 
stochastic differential equations: 

zyxittuxbttuxattu iii ,,    ;     )),(,()),(,()(' =+=+   

 
where a and b are functions of each single particle position and velocity of, depending on the 
turbulence characteristics as well as on the chosen solving scheme. SPRAY 3.1 refers to Thomson’s 
schemes ([31]; [32]). 

In order to perform a dispersion simulation SPRAY 3.1 model basically uses: 

• three-dimensional wind fields provided by MINERVE/Swift code  
• two-dimensional turbulence fields z0, Hmix, u*, L, w* , and species-dependent dry deposition 

velocities (for each of the species to be considered in the simulation), given by the SurfPro 
code 

• species dependent washout coefficient and two dimensional fields of precipitation rates in 
mm/h used by the wet deposition schemes if activated 

• emission data, consisting in a sequence of data about geometry and spatial location of the 
emitting volumes, the emission rates for each specie to be considered and the related number 
of fictitious particles. According to the specie, particles are emitted with a specific mass, also 
depending on the source characteristics at the emission instant, thus simulating non-
stationary conditions. SPRAY 3.1 can dynamically simulate the plume rise of hot buoyant 
emissions.  
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3.5.2 Computational domain and geographical data 
For the characterization of the impacts related to the airport activity emissions, a computation domain, 
consisting of the square of 38 km side, represented in Figure 26 was considered. The territory 
considered includes, in addition to the Capodichino airport area (located in the area included inside 
the yellow circle), the entire conurbation of the city of Napoli and some of the main municipalities 
around, together with the coastal line going from the Pozzuoli gulf at the western boundary to 
Castellammare di Stabia close to the eastern one. South East to the airport, it is evident the presence 
of the Vesuvio volcan, which represents the main orographical structure inside the domain. 

 

Figure 26. Computational domain considered for the simulations at local scale. The yellow circle includes the 
area of the Capodichino Airport 

The South West corner of the computational domain has the following x (easting) and y (northing) 
coordinates expressed in the UTM33N-WGS84 projection system: 421500 m, 4503500 m. The 
horizontal resolution used to describe both the meteorological input data and the output 
concentrations (calculation receptors regularly arranged within the domain) is 250 m, compatible with 
the duration of the simulations on an annual scale and providing a sufficient detail both on the overall 
scale considered and in the vicinity of the airport. The horizontal calculation grid is therefore 
characterized by 152 cells in the two directions x and y. The vertical extension of the simulation domain 
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for meteorological reconstruction is 5000 m with the following 24 calculation levels above the 
orography expressed in meters: 0, 10, 18, 60, 110, 175, 250, 340, 450, 570, 170, 860, 1030, 1230, 1450, 
1700, 2000, 2250, 2600, 2900, 3300, 3800, 4200, 5000. 

3.5.3 Meteorological downscaling 
The modeling system at local scale requires 3D meteorological fields on the target domain at the 
horizontal resolution of 250 m, on hourly basis. To obtain the meteorological fields at such a resolution 
for a whole year, a 3D simulation was carried out by means of a downscaling system. The main 
meteorological input to this modeling system is the WRF output described previously at the horizontal 
resolution of 1 km. These fields undergo a further downscaling up to the target resolution of 250 m on 
the domain considered by applying the Swift diagnostic code (for the reconstruction of mean wind and 
air temperature fields over the modified topography imposing mass conservation and keeping into 
account atmospheric stability) and SurfPro (for turbulence reconstruction). Thanks to this downscaling 
process, the meteorological fields are further adapted to local conditions by means of a land use array, 
taking into account the local characteristics of the terrain at the target high resolution. Figure 27 
illustrates the coverage of the points relative to the innermost WRF domain at the horizontal resolution 
of 1 km overlapping the dispersion simulation target domain at 250 m of horizontal resolution. 

 

Figure 27. Detail of the positioning of the simulation points on the WRF innermost domain at the 1 km 
horizontal resolution (yellow symbols), with respect to the dispersion simulation target domain (red square). 

The most detailed local characteristics of the terrain are defined at the target horizontal resolution of 
250 meters by means of a digital terrain model and a land use 2D array. Figure 28 shows the land use 
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array together with the isolines of the digital terrain model considered in the local scale simulations. 
The DTM is extracted from the SRTM (Shuttle Radar Topography Mission) database4 at the one arc 
second horizontal resolution. The land use codes are defined according to a classification of 21 classes 
derived from the European standard CORINE with 44 classes (EEA Data Service), by grouping some 
categories, according to the caption shown in the same figure. The domain is mainly characterized by 
a large portion of urban area on a substantially flat terrain, except the area occupied by the Vesuvio 
volcan and a small area close to the north eastern boundary. 

 

Figure 28. DTM levels and land-use classes inside the computational domain at the 250 m horizontal 
resolution.  

The Swift diagnostic model is applied to reconstruct the wind and temperature field at the horizontal 
resolution of 250 m on the target domain, which represent a part of the high-resolution meteorological 
information for the entire year 2018 necessary for the SPRAY model. Figure 29 and Figure 30 illustrate, 
as an example, respectively the wind fields at an altitude of 10 m above the ground level reconstructed 
by the Swift model during 1/1/2018 at 01:00 and 12:00 and the wind fields simulated during 1/7/2018 
at 01:00 and 12:00. The examples set in evidence the local characteristics of the reconstructed flow 

 

 

4 https://www.usgs.gov/centers/eros/science/usgs-eros-archive-digital-elevation-shuttle-radar-topography-
mission-srtm-non?qt-science_center_objects=0#qt-science_center_objects 
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with some spatial variations due to both the land type characteristics and the channeling effects 
around the topographical structures. 

 

Figure 29. Example of wind fields close to the ground on the target domain at local scale generated by the 
Swift code. 2018/01/01 01:00 (left), 2018/01/01 12:00 (right). For a better visualization the arrows are 

represented at the 750 m horizontal resolution. 

 

Figure 30. Example of wind fields close o the ground on the target domain at local scal2 generated by the 
Swift code. 2018/07/01 01:00 (left), 2018/07/01 12:00 (right). For a better visualization the arrows are 

represented at the 750 m horizontal resolution. 

The SPRAY Lagrangian dispersion model, in addition to the characteristics of the mean wind that 
dominates the transport in the horizontal direction, requires that the characteristics of atmospheric 
turbulence must be defined generated by both mechanical and thermal effects which determine the 
dispersion also in the vertical direction. In the models used for this work, the turbulence is described 
through appropriate physical scaling variables summarizing its main characteristics. These variables 
are: 
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• u* or friction velocity, which describes the effects related to 'mechanical' turbulence, due to 
the presence of surface obstacles or variations with the altitude of the wind speed (wind 
shear); 

• Hmix, or the boundary layer height, representing the varying in space and time layer adjacent 
to the ground within which the main turbulent phenomena generated by the interaction of 
the atmospheric flow with the surface occur, and where the pollutants derived from human 
activities are typically injected ;  

• L, or Monin-Obukhov length, which represents an indicator of atmospheric stability. A stable 
atmosphere tends to inhibit the dispersion of the substances emitted, on the contrary an 
unstable atmosphere is characterized by greater dispersive efficiency. Negative values close 
to zero are representative of an unstable atmosphere in daytime convective conditions, small 
positive values are instead characteristic of a typically nocturnal stable atmosphere;  

• w*,  or convective velocity scale, which represents a measure of the intensity of turbulence in 
presence of strong solar radiation. 

The 2d fields of these variables are reconstructed hour by hour on the entire domain using the SurfPro 
preprocessor, taking into account the horizontal inhomogeneities induced by the presence of different 
land use characteristics. In particular, the iterative energy balance scheme suggested by Holstlag and 
van Ulden (1983) was used for the calculation of the heat flux sensitive to the surface, while for the 
calculation of the friction velocity the schemes suggested by Holtslag van Ulden were used. (1983) in 
neutral and unstable diurnal situations and by Venkatram ([34]) and Weil and Brower ([35]) in stable 
and nocturnal situations. For the calculation of the Monin-Obukhov length and the height of the 
boundary layer, in convective diurnal conditions a scheme due to Carson ([6]) is used, while in neutral 
and stable conditions the schemes developed by Venkatram ([34]) are used. 

As an example, Figure 31 and Figure 32 respectively illustrate the horizontal fields of the variables Hmix 
and L simulated by SurfPro at 12:00 on 1/1/2019, which show the development of an unstable diurnal 
boundary layer and the presence of horizontal non-uniformities due, in addition to the variability of 
the wind and temperature fields, to the use of high resolution land use fields. Some of the stronger 
variations visible on the topographical features are generate by the slope of the orography. 
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Figure 31. Height of the boundary layer (HMIX) field on the target domain at local scale generated by the 
SurfPro code. 2018/07/01 12:00. Values expressed in m. 

 

Figure 32. Monin Obukhov length (L) field on the target domain at local scale generated by the SurfPro code. 
2018/07/01 12:00. Values expressed in m. 

3.5.4 Local emissions 
The emissions entering the local dispersion model were calculated with a bottom-up approach 
according to the methodology described in paragraph 3.3.2 and are summarized in the Table 8. 
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3.5.5 Simulation setup 
To drive a dispersion simulation, the SPRAY model uses: 

• stochastic differential equations following  Thomson ([32]) to define the turbulent velocities 
of computational particles; 

• three-dimensional wind and temperature fields at 250 m resolution, provided by the Swift 
code; 

• two-dimensional turbulence fields z0, Hmix, u*, L, w* provided by the SurfPro code;  

• emission data, consisting of a sequence of information on the geometry of the sources on the 
ground and at different altitudes (take-off/landing trajectories) and their spatial localization, 
on the time-varying mass flows of gaseous substances and particulates expressed in g/h 
emitted and on the quantity of computational particles to be emitted in the unit of time. Each 
particle is attributed a quantity of substance dependent on the emission flow considered 
obtained as a product of the flow rate and concentration of the considered pollutants. 

To complete the simulation on an annual basis, the models are called in cascade on an hourly basis. 
Within each hour, a number of particles sufficient to guarantee a minimum resolution (contribution in 
concentration of a single computational particle) of 0.05 g/m3 for the NOX species in the cells of the 
concentration computational grid is emitted. Each grid cell has the dimensions of 250x250x10 m3. 
Following Crawford ([9]), the uncertainty in the computation of concentrations using the “counting” 
or “histogram” method (i.e. counting the number of particles inside fixed cells of a grid), supposing a 
Poisson distribution describing the number of computational particles found in a certain volume, is 
represented in Figure 33. The relative (to the value of the chosen target concentration) uncertainty 
becomes significantly high (> 10%) only for NOX concentrations less than 5 g/m3. Considering the 
typical values for measured NOX or NO2 concentrations this setup can be considered as satisfactory 
and the simulation statistically stable. 

Hourly concentration values on the target array, expressed in g/m3, have been calculated considering 
both the overall emissions and the separate contributions for different emission sectors. Each hourly 
average of concentration is constructed through 120 sampling of the plumes of particles within the 
hour, carried out at a fixed frequency of 30 seconds. The final state of each hour (positions, speeds 
and masses associated with each particle) is used to initialize the run of the next hour. In this way, the 
simulation is continuous throughout the annual period, describing the space-time evolution of each 
emitted plume, allowing for example to consider effects of plume turning generated by the wind 
rotation during breeze triggering situations. A total of 8760 concentration fields are therefore 
produced, divided as described above, in the meteorological interval starting from 1/1/2018 01:00 
until 31/12/2018 24:00. The time sequence of the concentration fields thus obtained was used to 
calculate the statistical values for comparison with the limits of the current legislation on air quality. 
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Figure 33. Relative (leftmost scale) and absolute (rightmost scale) uncertainty as a function of the target 
concentration due to the discretization in particles of the emissions 

3.5.6 Results: areas of impact of the different airport activities (LTO and GSE) 
The pollutant considered are NOX, NO2, PM10, SO2, C6H6 and NMVOC. The 2d maps of some statistical 
indicators related (when possible) to the current European legislation were computed and are shown 
in this chapter, considering the total contribution of the emission sources. For the annual average, the 
separated contribution of GSE and LTO (this last considering a further separation between 
takeoff/landing and taxi) is also shown. 

The guideline framework considered for the current project is taken from Directive 2008/50/EC on 
ambient air quality and cleaner air for Europe. In particular, regarding NO2, the hourly average 
concentration threshold not to be exceeded annually more than 18 times (200 µg/m3) represents the 
statistical indicator of the distribution percentile 99.8. In the same way, for PM10, the daily average 
concentration threshold not to be exceeded annually more than 35 times (50 µg/m3) is equivalent to 
the statistical indicator of the distribution percentile 90.4. Finally, for SO2 hourly and daily average 
concentrations thresholds not to be exceeded more than 3 and 24 times respectively (350 µg/m3, 125 
µg/m3) represent the distribution percentiles 99.7 and of 99.2 respectively. As the map representation 
of percentiles is more significant, these types of index were calculated and will be shown instead of 
number of exceedances. 

Table 14 presents a summary of the guidelines for pollutants of interest. 

In particular, regarding NO2, the hourly average concentration threshold not to be exceeded annually 
more than 18 times (200 µg/m3) represents the statistical indicator of the distribution percentile 99.8. 
In the same way, for PM10, the daily average concentration threshold not to be exceeded annually 
more than 35 times (50 µg/m3) is equivalent to the statistical indicator of the distribution percentile 
90.4. Finally, for SO2 hourly and daily average concentrations thresholds not to be exceeded more than 
3 and 24 times respectively (350 µg/m3, 125 µg/m3) represent the distribution percentiles 99.7 and of 
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99.2 respectively. As the map representation of percentiles is more significant, these types of index 
were calculated and will be shown instead of number of exceedances. 

Table 14 – EU Air Quality Guidelines (µg/m3) 

Pollutant Statistical indicator Limt value 

SO2 

Yearly and winter average 20 μg/m3 

Hourly average (not to be exceed 
more than 24 times a year) 

 
350 μg/m3 

 

Daily average (not to be exceed 
more than 3 times a year) 

 
125 μg/m3 

 

NOX Yearly average 30 μg/m3 

NO2 
Hourly average (not to be exceed 

more than 18 times a year) 

 
200 μg/m3 

 
Yearly average 40 μg/m3 

PM10 
Daily average (not to be exceed 

more than 35 times a year) 
50 μg/m3 

 
Yearly average 40 μg/m3 

PM2.5 Yearly average 25 μg/m3 

CO Maximum of daily moving 8-hr 
average 10 mg/m3 

C6H6 Yearly average 5 μg/m3 

 

3.5.6.1 NOX 
The SPRAY model takes into account only primary pollutants, NOX is considered as the sum of the two 
chemical compound NO and NO2, that, as a first approximation, are supposed to be conserved during 
the dispersion process. The air quality standards are referred only to the NO2 part, this has to be 
considered when comparing the simulation results with the limits. Figure 34 represents the yearly 
mean concentration for NOX considering the contribution of both LTO and GSE activities of the Napoli 
Capodichino airport. The maximum value on the domain is above 60 g/m3, which is above the limit 
of 40 g/m3, even if we have to consider that the NO2 is only a fraction of the total simulated NOX. In 
addition, values above the threshold limits are only present in a very small portion of the territory, 
close to the sources in the airport area. This is better set in evidence in Figure 35, representing of the 
NOX yearly averaged concentrations in a 10x10 km2 zoomed area around the airport, mainly included 
inside the polygon bounded by the dashed line.  

It is evident that the outside the airport area the values for the NOX yearly averaged concentration are 
below 35 g/m3, with a rapid spatial decay. Values above 1 g/m3 extend about 7.5 km towards south 
and North the airport and less in the east-west direction, following the statistical patters of the local 
winds. 
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Figure 34. Annual average concentrations of NOX at ground, all the sources (LTO+GSE). Maximum value 61.1 
g/m3 
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Figure 35. Annual average concentrations of NOX at ground, all the sources (LTO+GSE). Maximum value 61.05 
g/m3. Zoom in a 10x10 km2 area around the airport 

The total NOX concentration has been split into three different contributions, GSE, LTO-taxi and LTO-
flights, results are illustrated in Figure 36. It is evident that the main contribution to the total 
concentrations generated by the airport activities for NOX is due to GSE. LTO-taxi shows a contribution 
of the same order, even if evidently less, and the contribution at the ground of the airplanes during 
takeoff and landing phases is the lower. GSE and LTO-taxi, considering emissions at the ground levels, 
show a similar spatial pattern which is oriented with the statistic of the wind at the lower layer, while 
the pattern of LTO-flights is more affected by the vertical distribution of the emission along the 
takeoff/landing trajectories (dashed lines in the graphs represent the horizontal projection of the 
airplane trajectories).  
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Figure 36. Annual average concentrations of NOXat ground, GSE contributions (above), LTO-taxi (below-left) 
and LTO-flight (below-right) Maximum values: 50.3 g/m3 (GSE), 32.8 g/m3 (LTO-taxi), 6 g/m3 (LTO-flights). 
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3.5.6.2 NO2 
As written before, the air quality standards usually refer to NO2 concentration values, which is the most 
toxic and controlled component present in NOX mixture. Despite that simulations results directly 
obtained by the modelling system consider NOX only, to compare computed concentration values 
against guideline values, it would be more correct to derive NO2 computed values starting from NOX 

ones. 

In general, the pollutant NOX mixture in atmosphere is constituted by two main compounds: NO 
(nitrogen monoxide) and NO2 (nitrogen dioxide). The percentage of each one of them varies according 
to, among the others, 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 in a sort of equilibrium state. Distance from the sources is an 
important parameter to consider because in NOX mixture, the percentage of NO (product of high 
temperature combustion) in gas emitted from the source is close to 90% and quickly decreases as the 
plume is transported far away. Measured concentration values of NOX in monitoring stations contains 
in fact generally a percentage of NO among 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 

coupled data obtained from the simulations using the FARM Chemical Transport Model, performed to 
evaluate the airport contribution at the regional scale. 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, [11], FAIRMODE report5) which 
determines the hourly average values of NO2 once the values of the NOX concentrations are known. 

Figure 37 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 curve, allowing the 
calculation of the statistical (yearly average and 99.8 percentile) indicators. 

 

 

5 http://acm.eionet.europa.eu/reports/ ETCACM_TP_2011_15_FAIRMODE_guide_modelling_NO2 
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Figure 37. NO2 / NOX interpolating curve obtained from the regression of the values simulated by the FARM 
CTM model 
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Figure 38 and Figure 39 illustrate respectively the yearly averages NO2 concentrations for the total 
emissions (GSE+LTO) and the same partial contributions considered for NOX. Maximum values are 
reduced with respect to the corresponding NOX indicators, as expected. The maximum for the total 
emission is in this case very close to the limit value of 40 g/m3 and still confined inside the airport 
area. Considerations about the different contributions are similar to those described for NOX. 

 

Figure 38. Annual average concentrations of NO2 at ground, all the sources (LTO+GSE). Maximum value 43.3 
g/m3. 
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Figure 39. Annual average concentrations of NO2 at ground, GSE contributions (above), LTO-taxi (below-left) 
and LTO-flight (below-right) Maximum values: 34.2 g/m3 (GSE), 24.1 g/m3 (LTO-taxi), 5.1 g/m3 (LTO-

flights). 
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Figure 40 illustrates the field of the 99.8 percentile for the hourly averaged NO2 concentrations, to be 
compared to a limit of 200 g/m3. The maximum, located inside the airport area is slightly below the 
limit, but a contribution of the airport above 20 g/m3 is limited inside a distance from the airport of 
about 4 km in the North-South direction and 5-6 km along the East-West direction, following the 
different elongation of the pattern due to the statistical transport of the local winds  

 

Figure 40. 99.8 percentile of hourly concentrations of NO2 at ground, all the sources (LTO+GSE). Maximum 
value 174 g/m3. 
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3.5.6.3 PM10 
Figure 41 and Figure 42 illustrate respectively the yearly averaged PM10 concentrations for the total 
emissions (GSE+LTO) and the partial contributions of GSE, LTO-taxi and LTO-flights. As for NO2, we have 
to recall that the local scale modeling system can simulate only primary pollutants and this is true also 
for PM10. The total contribution on the annual average is well below the limit of 40 g/m3, and the 
main contribution is still due to GSE activities. For the primary PM10, contributions deriving from LTO 
are in this case lower than what observed for NO2, about 5 times smaller than the contribution of GSE. 
Figure 43 illustrates the 90.4 percentile of the daily average concentrations for PM10. The airport 
activities show a maximum of 6.4 g/m3, well below the limit of 40 g/m3. 

 

Figure 41. Annual average concentrations of PM10 at ground, all the sources (LTO+GSE). Maximum value 4.2 
g/m3. 
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Figure 42. Annual average concentrations of PM10 at ground, GSE contributions (above), LTO-taxi (below-
left) and LTO-flight (below-right) Maximum values: 4 g/m3 (GSE), 0.7 g/m3 (LTO-taxi), 0.05 g/m3 (LTO-

flights). 
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Figure 43. 90.4 percentile of daily average concentrations of PM10 at ground, all the sources (LTO+GSE). 
Maximum value 6.4 g/m3. 
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3.5.6.4 SO2 
Figure 44 and Figure 45 illustrate respectively the yearly averaged SO2 concentrations for the total 
emissions (GSE+LTO) and the partial contributions of GSE, LTO-taxi and LTO-flights. Maximum values, 
located inside the airport area, are well below the limit of 20 g/m3 but in this case the main 
contribution is due to LTO and in particular to taxi activities of the airplanes. GSE and LTO-flights show 
a contribution about one order of magnitude smaller. Figure 46 and Figure 47 contain respectively the 
fields of 99.2 percentiles of daily averaged concentrations and 99.7 percentiles of hourly 
concentrations, characterized by limits of 125 g/m3 and 350 g/m3. For both the indicators, the 
maximum impact generated by the aviation is about one order of magnitude below the limits. 

 

Figure 44. Annual average concentrations of SO2 at ground, all the sources (LTO+GSE). 
 value 6.3 g/m3. 
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Figure 45. Annual average concentrations of SO2 at ground, GSE contributions (above), LTO-taxi (below-left) 
and LTO-flight (below-right) Maximum values: 0.7 g/m3 (GSE), 6.2 g/m3 (LTO-taxi), 0.3 g/m3 (LTO-flights). 
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Figure 46. 90.2 percentile of daily average concentrations of SO2 at ground, all the sources (LTO+GSE). 
Maximum value 13.2 g/m3. 
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Figure 47. 99.7 percentile of daily average concentrations of SO2 at ground, all the sources (LTO+GSE). 
Maximum value 47.9 g/m3. 
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3.5.6.5 CO 
Figure 48 illustrates the maximum of the 8 hour averaged concentrations for CO simulated by the 
dispersion model. Recalling that the limit is 10 mg/m3, il is easy to see that the airport contribution 
results to be more than one order of magnitude below, with a maximum of 0.67 mg/m3 localized inside 
the airport area. 

 

Figure 48. Maximum of the 8h average of CO at ground, all the sources (LTO+GSE). 
Maximum value 0.67 mg/m3. 
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3.5.6.6 C6H6 
Figure 49 and Figure 50 illustrate respectively the yearly averaged benzene concentrations for the total 
emissions (LTO, taxi+flights) and the partial contributions of LTO-taxi and LTO-flights. Benzene is 
supposed not to be substantially emitted by the GSE activities. Being 5 g/m3 the limit, the maximum 
airport contribution on the yearly averaged concentration is about 0.32 g/m3. This contribution is 
almost entirely due to the taxi activities. 

 

Figure 49. Annual average concentrations of Benzene at ground, all the sources (LTO). 
Maximum value 0.32 g/m3. 
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Figure 50. Annual average concentrations of C6H6 at ground, LTO-taxi (left) and LTO-flight (right) Maximum 
values: 0.32 g/m3 (LTO-taxi), 6.2 g/m3 (LTO-taxi), 0.0009 g/m3 (LTO-flights). 
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3.5.6.7 NMVOC 
Figure 51 and Figure 52illustrate respectively the yearly averaged NMVOC concentrations for the total 
emissions (GSE+LTO) and the partial contributions of GSE, LTO-taxi and LTO-flights. For this chemical 
specie there is not a defined limit. The airport activity is again mainly due to taxi activities but, 
comparing to benzene, for total NMVOC there is a non-negligible contribution deriving from GSE, with 
a maximum about 1/3 with respect to the contribution deriving from LTO.  

 
Figure 51. Annual average concentrations of NMVOC at ground, all the sources (LTO). 

 value 17.1 g/m3. 
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Figure 52. Annual average concentrations of NMVOC at ground, GSE (above), LTO-taxi (below-left) and LTO-
flight (below-right) Maximum values: 5.1 g/m3 (LTO-taxi),16.6 g/m3 (LTO-taxi), 0.04 g/m3 (LTO-flights). 
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3.6 Air quality impact assessment of the Napoli Capodichino airport: 
regional scale reconstruction 

The air quality impact of the airport and air traffic emissions at regional scale have been estimated by 
an air quality modelling system (AQMS) based on a Chemical Transport Model (CTM). This type of 
Eulerian models (see e.g. [19]; [3]) cannot describe with very high space resolution the impact of 
sources nearby the emission point but, taking into account the atmospheric chemistry, together with 
transport, dispersion and deposition phenomena, they can describe the chemical transformation of 
pollutants and estimate the concentration of secondary pollutants like ozone. NO2 and secondary PM. 
The joint application of Lagrangian particle model (Section 3.5), capable to reconstruct the local scale 
atmospheric dispersion of pollutants at very high space resolution, and of a CTM allows to describe 
atmospheric pollution phenomena over a wide range of scale and to assess the aviation emission 
impact with the desirable detail, including the proximity impact and the production of pollutants 
governed by longer time scales and larger space scales. 

A CTM simulation needs to have as input the emissions of all the anthropogenic and biogenic sources 
of pollutants located within the computational domain and to receive the description of pollutant 
concentrations entering the computational domain from the boundaries. All these input contributions 
are needed to define the cocktail of chemical compounds that determines their fate through the 
chemical reactions occurring in the atmosphere even due to the environmental conditions defined by 
meteorological variables like temperature, humidity and solar radiation. To estimate the impact of a 
single source contribution (e.g. one airport and its related air traffic) or of an emission sector (e.g. 
aviation) two different simulation need to be realized: 1) a reference simulation including the emission 
of all the sources located inside the model computational domain; 2) a scenario simulation without 
the emissions related to studied source. If the fraction of the overall emissions attributed to the 
studied source is large, the scenario simulation is not usually built with a complete removal of the 
source but with a fractional reduction of its emissions (usually of the order of 30%). This approach tries 
to reduce the impact of atmospheric chemistry non-linearities that can have a relevant impact if the 
emissions of reactive compounds, as NOX, are largely reduced. Because the Capodichino airport related 
emissions account for a small fraction of the anthropogenic emissions of the Campania Region (Section 
3.3.3), with a maximum contribution of 2% of the NOX emissions, the partial reduction of its emission 
is not needed and a 100% removal has been adopted for the scenario simulation. The impact of the 
aviation related emissions has been finally computed from the differences of the hourly concentration 
fields obtained from reference and scenario simulations. 

3.6.1 Modelling system features and configuration 
The AQMS applied to Napoli city and the surrounding Campania Region includes integrated subsystems 
and pre- post-processors used to: reconstruct flow and related turbulence parameters; compute 
dispersion parameters and dry deposition velocities; apportion data from the emission inventories to 
grid cells, compute biogenic emissions and estimate air quality indicators required by the European 
Commission (EC) air quality directives. Figure 53 shows the data flow among the modules composing 
the AQMS. 
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Figure 53. Modules building FARM Air Quality Modelling System. 

The AQMS is based on the Flexible Air quality Regional Model (FARM; [24]; [22]) coupled with the WRF 
meteorological prognostic model (http://www.wrf-model.org/). Pollutants emissions are derived from 
the regional emission inventory developed by ISPRA for the year 2015. The emissions, available at 
province level, have been disaggregated at municipal level through activity-based proxies and 
supplemented by local information concerning industries, road and maritime traffic (see Section 3.3.3). 
WRF simulations are driven by ERA5 meteorological reanalyses (Section 3.4), while the air quality 
boundary conditions are provided by the SILAM (System for Integrated modeLling of Atmospheric 
composition; https://silam.fmi.fi/) continental scale air quality forecast. SILAM has been coupled with 
FARM within the activities of CREATE WP2 (Section 3.6.2). 

Physical and chemical processes influencing the concentration fields within the modelling domain are 
described in FARM by a system of partial differential equations expressing the time variation of the 
average concentrations. The Kinetic Pre-Processor (KPP; [10]) has been used to implement in the 
model the SAPRC99 ([7]) gas-phase chemical mechanism that includes the reactions of volatile organic 
compounds (VOCs) and nitrogen oxides (NOX) and is commonly used to simulate photochemical 
processes leading to the formation of ozone and secondary organic aerosols in the lower troposphere. 
The gas-phase chemical mechanism is coupled with the aero3 aerosol module, implemented in CMAQ 
([4]), that treats particles dynamic and their interaction with gas-phase species. Particles are described 
by a superposition of three lognormal distributions, called modes: the Aitken mode (Dg < 0.1 m, 
where Dg is the geometric mean diameter of the modal distribution), the accumulation mode (0.1 m 
< Dg < 2.5 m) and the coarse mode (Dg > 2.5 m). For Aitken and accumulation modes nine aerosol 
species are considered: sulphate, ammonium, nitrate, EC, primary organics, secondary anthropogenic 
and biogenic organics, unspecified anthropogenic compounds and water. For the coarse mode three 
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species are considered: anthropogenic, marine, and soil-derived aerosols. Aerosol particles are 
assumed to be internally mixed, i.e. all particles in the same mode have the same composition. 
Nucleation and growth of existing particles (condensation) are the two pathways for increasing the 
total aerosol mass. Aerosol growth by condensation occurs in two steps: the production of 
condensable material (performed by the gas-phase chemical module) and the condensation and 
evaporation of ambient volatile species on aerosols. Particle collision and coagulation are the main 
processes that alter the aerosol size distribution. The thermodynamic equilibrium of condensable 
inorganic and organic species between gas and aerosol phases and following chemical reactions within 
aerosols are responsible for the chemical composition of aerosols. Except for nucleation, where only 
inorganic compounds are considered, all aerosol dynamics processes include both inorganic and 
organic compounds. 

FARM has been configured with 2 nested domains covering the Campania Region and a target area 
including Napoli conurbation, the flat inland area inhabited by a large fraction of Campania population; 
and all the major towns, with grid spacings of 4 and 1 km respectively (Figure 54). A similar model 
configuration has been successfully applied to analyse local air quality phenomena ([5]; [16]). 

In more details, the outer domain covers a surface of 180x176 km2 with the following computational 
grid features: 

• 45x44 cells in x and y directions, 
• 4 km horizontal resolution, 
• 16 vertical levels from 20 to about 7000m 
• UTM zone 33N (WGS84) projections with SW corner at 394 km East, 4424 km North; 

the outer domain covers a surface of 100x88 km2 with the following computational grid features: 

• 100x 8 cells in x and y directions, 
• 1 km di horizontal resolution; 
• 16 vertical levels from 20 to about 7000m 
• UTM zone 33N (WGS84) projections with SW corner at 400.5 km East, 4482.5 km North. 
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Figure 54. FARM nested computational domains. 

Model results are stored with hourly frequency. 

3.6.2 Building FARM boundary conditions from SILAM continental scale air 
quality simulation 

SILAM and FARM are CTMs describe transport, dispersion, deposition and chemical transformation of 
pollutants in the atmosphere with similar approaches, nevertheless the models have been developed 
differently, they use different grid systems and geographic projections, they implement different 
physical parameterizations and different chemical schemes for both gases and aerosols. Similarities 
and differences between the models have been analysed in [19]. To properly use SILAM results as 
initial and boundary conditions it is therefore necessary to match the different grids an remap the 
chemical species described by SILAM CBM5 into FARM/SAPRC99 chemical schemes together with 
particular matter description.  

Examples of SILAM concentration fields over southern Italy on its computational grid in geographic 
coordinates at the resolution of 0.2 degrees are shown in Figure 55. The effect of interpolation on 
FARM UTM 33N outer grid, at 4 km resolution, and the obtained matching between concentration 
fields at lower and higher resolution is shown by Figure 56 and Figure 57. 

The mapping of gas species from CBM5 to SAPRC99 chemical species is reported in Table 15, while the 
mapping of SILAM aerosol species to FARM/AERO3 module is described by Table 16. The few pollutant 
species not used by FARM are listed in Table 17. 
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Figure 55. Example of SILAM near surface PM concentration (kg/m3) with 6 µm mean diameter (left) and NO2 

concentration (mole/m3) (right) on its original grid system. 

 
Figure 56. Example of SILAM near surface PM concentration (kg/m3) with 6 µm mean diameter (left) and NO2 

concentration (mole/m3) (right) interpolated on FARM outer grid. 

 
Figure 57. Example of grid matching between SILAM and FARM grids for near surface PM concentration 

(kg/m3) with 6 µm mean diameter (left) and NO2 concentration (mole/m3) (right). 
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Table 15 – Mapping of SILAM/CBM5 gas-phase species to FARM/SAPRC99 mechanism 
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Table 16 – Mapping of SILAM aerosol species to FARM/AERO3 module 
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Table 17 – SILAM species not considered (mode nominal diameter in m) 

 

To verify the chemical substances mapping tests have been performed over limited time periods 
(January & July 2018) comparing model simulations driven by SILAM black carbon (BC) with simulation 
driven by alternative BC computed from the QualeAria air quality forecast system 
(http://www.qualearia.it/) to set in evidence possible anomalous results and crosscheck results with 
local observations. The verification activity provided positive results, showing limited differences for 
surface concentration of different pollutants. The use of SILAM boundary conditions provided 
improvement in the reproduction of ozone concentrations during the summer month and the 
possibility to consider long range transport of desert dust and sea salt advected through the 
boundaries inside FARM computational domain. 

3.6.3 All sources FARM air quality simulation 
The reference simulation realised with FARM model, considering all the anthropogenic and biogenic 
pollutants emission sources located inside the computational domain, has the aim to reconstruct the 
air quality over the Campania Region and, in more details, over Napoli-Caserta conurbation, where the 
Capodichino airport is located and where the aviation emissions are expected to have the maximum 
ground level impact. For sake of brevity the simulation results are presented hereafter as near surface 
yearly average concentration fields on the high resolution inner computational domain (see Section 
3.6.1). 

Figure 58 shows the annual average concentration fields for NO2 and ozone. The maximum values of 
NO2 concentrations are located over Napoli city, its north-eastern suburbs and the port area, with 
maximum values exceeding the EC limit value of 40 µg/m3, while significant concentrations affect the 
inland flat area among Napoli, Caserta and the Vesuvius. The ozone annual average concentrations 
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show the largest values over the mountains, the islands of Ischia and Capri and the Sorrentina 
Peninsula, while minimum values are located over Napoli due to the prevailing titration effect. 

    
Figure 58. 2018 near surface annual average concentrations (µg/m3) of NO2 (left) and O3 (right). 

PM2.5 and PM10 annual average concentration fields are illustrated in following figures considering the 
contribution of local sources only (Figure 59) and considering in addition the contribution from the 
long-range transport of dust and sea salt (Figure 60). It is interesting to notice that the area affected 
by the highest concentration is not located over Napoli city, but over the inland flat region for both 
PM2.5 and PM10. It will be illustrated in the next section that this concentration feature is confirmed 
by local observations. This effect can be attributed to the contribution of biomass burning for domestic 
heating, secondary aerosol formation downstream of Napoli conurbation, agricultural activities and 
illegal open air burning of waste. The maximum concentration values depicted in Figure 60 foresee the 
exceedance of the EC annual concentration limit values for both PM2.5 (20 µg/m3) and PM10 (40 µg/m3) 
in the mentioned region. The long range transport contribution, clearly detectable for PM10 
comparing Figure 59 and Figure 60 results, is better quantified by the separated contributions 
illustrated in Figure 61 and Figure 62 for PM2.5 and PM10 respectively. The long-range transport 
contribution to the annual average PM2.5 concentration is in the range of 1 µg/m3 for desert dust and 
0.5 µg/m3 for sea salt. It is worth to remember that sea salt transport/dispersion is directly simulated 
by FARM for the emission due to the sea portion included in the computational domain and the long 
range transport contribution refers to the sea salt entering from the boundary and is quantified by 
SILAM concentration fields. The long-range transport contribution to PM10 concentration is more 
relevant, exceeding 1.5 µg/m3 for sea salt near the coastline and reaching 5 µg/m3 for desert dust over 
the mountain tops. The estimated contribution of desert dust advection over the Napoli-Caserta 
conurbation is in the range 2-3 µg/m3. 
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Figure 59. 2018 near surface annual average concentrations (µg/m3) of PM2.5  (left) and PM10 (right). 

     
Figure 60. 2018 near surface annual average concentrations (µg/m3) of PM2.5 (left) and PM10 (right) including 

long range transport dust and sea salt contribution. 

     
Figure 61. 2018 Long range transport contribution to the surface annual average concentration of PM2.5 

(µg/m3) for desert dust (left) and sea salt (right) provided by SILAM through boundary conditions on FARM 
outer domain. 
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Figure 62. 2018 Long range transport contribution to the surface annual average concentration of PM10 

(µg/m3) for desert dust (left) and sea salt (right) provided by SILAM through boundary conditions on FARM 
outer domain. 

The total NMVOCs annual average concentration field is shown in Figure 63 together with benzene. 
VOC field shows its highest values over Napoli centre while relevant values affect the whole Napoli-
Caserta conurbation area. Benzene annual mean concentration highest values are expected to occur 
over Napoli central area, with values slightly higher than 3 µg/m3, respecting the EC limit of 5 µg/m3. 

     
Figure 63. 2018 near surface annual average concentrations (µg/m3) of total NMVOCs (left) and benzene ( 

(right). 

3.6.4 Results verification: comparison with local air quality observations 
The reliability of the reference air quality simulation has been evaluated through direct comparison of 
model results with measurements provided by the air quality monitoring network managed by the air 
quality agency of the Campania Region (ARPA Campania; https://www.arpacampania.it/). The model 
results verification has been focused on the stations located inside the area of interest and, in 
particular, on nearest to Capodichino airport and to the nearby portion of the LTO trajectories. The 
location of the air quality monitoring station is shown in Figure 64. 
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Figure 64. Air quality monitoring stations used for FARM model results verification. The left panel includes 
the indication of the area zoomed on the right panel, where the Capodichino airport location is visible and 

indicated in the central part of the map. 

The comparison of computed and measured annual average concentrations of NO2 shows the good 
capability of the model simulation to describe the space variability of concentrations over the studied 
area (Figure 65). The observations confirm the exceedance of the EC threshold concentration inside 
Napoli municipality during year 2018. Model simulations reproduce satisfactorily measured 
concentrations with the only exception of the traffic station NA09-Argine, that is directly exposed to 
motorway emissions whose impact cannot be described by the limited spatial resolution of the model, 
and of the urban background station of NA01-Osservatorio, where the port area emission impact is 
overestimated. Figure 66 shows the comparison of daily average concentrations for four selected 
stations located NE and SW of the airport area. The day-to-day and seasonal variability of 
concentrations is correctly reproduced by the model for Pomigliano and Napoli NA07-Ferrovia stations, 
while a tendency to overestimate summer concentrations is visible for Napoli NA08-Pellegrini and, 
with minor impact, for Casoria. 
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Figure 65. Comparison of measured (orange) and computed (blue) NO2 annual average concentrations 
(µg/m3) for year 2018 in Napoli-Caserta metropolitan areas (UT=Urban Traffic; UF=Urban Background; 

ST=Suburban Traffic; SI=Suburban Industrial; SF=Suburban Background). 

 
Figure 66. Comparison of measured (black dots) and computed (red line) NO2 daily average concentrations 
(µg/m3) for year 2018 in stations located at short distance from Capodichino airport: Casoria (upper left); 

Pomigliano ASI (upper right); Napoli-Pellegrini (lower left) and Napoli-Ferrovia (lower right). 

The comparison of computed and measured annual average concentrations of PM2.5 shows 
satisfactory results with a good reproduction of the observed values that is not usual for model 
simulation in densely populated and complex geographic locations like Napoli-Caserta area (Figure 67). 
The considered stations measurements do not show a clear exceedance of the EC limit value (20 
µg/m3), but the stations of Casoria and Napoli NA07-Ferrovia and NA09-Argine show annual average 
of about 20 µg/m3. The comparison of daily average concentrations (Figure 68) shows the impressive 
seasonal variation of concentrations that very frequently exceed 50 µg/m3 during the winter in the 
inland area, while lower values characterise Napoli city. This feature is well reproduced by the model 
simulation results. 
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Figure 67. Comparison of measured (orange) and computed (blue) PM2.5 annual average concentrations 

(µg/m3) for year 2018 in Napoli-Caserta metropolitan areas. 

 
Figure 68. Comparison of measured (black dots) and computed (red line) PM2.5 daily average concentrations 

(µg/m3) for year 2018 in stations located at short distance from Capodichino airport: Casoria (upper left); 
Pomigliano ASI (upper right); Napoli-Osservatorio (lower left) and Napoli-Ferrovia (lower right). 

PM10 annual average concentration levels are correctly reproduced by the model for the stations 
located inside Napoli city (Figure 69), with a nice reproduction of the observed concentration variability 
among the stations, while are underestimated for the station located in the inland flat region. The 
model performance for PM10 is confirmed by the comparison of predicted and measured daily average 
concentrations (Figure 70). The Napoli conurbation inland region is affected by very high PM10 
concentration level that cause the exceedance of the annual average EC limit (40 µg/m3) in different 
locations and the very frequent exceedance of the daily average concentration limit (50 µg/m3) that 
causes the non-attainment of the threshold number of exceedances (35) admitted by the EC air quality 
directives at different locations. The high PM10 concentrations in the flat inland area located between 
the cost and the Apennines is a known issue, but a clear source identification has not been achieved. 
Biomass burning for domestic heating, agricultural activities (including burning), and illegal waste 
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burning are considered relevant contributors, but their quantification inside the available emission 
inventories does not allow model reproduction of PM10 observed levels in the mentioned area. 

 
Figure 69. Comparison of measured (orange) and computed (blue) PM10 annual average concentrations 

(µg/m3) for year 2018 in Napoli-Caserta metropolitan areas. 

 
Figure 70. Comparison of measured (black dots) and computed (red line) PM10 daily average concentrations 

(µg/m3) for year 2018 in stations located at short distance from Capodichino airport: Casoria (upper left); 
Pomigliano ASI (upper right); Napoli-Osservatorio (lower left) and Napoli-Ferrovia (lower right). 

For what concerns ozone, Figure 71 shows the comparison of predicted and observed values in 
selected stations for the daily maximum of the 8 hours running mean, for which the EC air quality 
directives established a threshold value of 120 µg/m3. FARM model results correctly reproduce the 
seasonal variation of the observed values and most of the daily concentrations. It can be noticed as 
spring and summer concentrations are underestimated in the Napoli urban background station NA01-
Osservatorio. It has already been noticed that NO2 concentrations are overestimated by the model in 
this area, possibly causing the underestimation of O3 concentrations due to an excessive titration effect 
due to NOXabundance. It is worth notice that local observations show a significant local variability of 
concentrations that is generally not expectable for ozone for stations located at short distance if they 
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are not exposed to local NOXor VOC sources or to peculiar atmospheric circulation features. Those local 
effect details are not reproduced by the model simulation as e.g. the high concentrations reaching 160 
µg/m3 in Torre Annunziata and Casoria during late July, that are not detectable further inland at 
Maddaloni, or the very low values measured in Casoria and Maddaloni during December, probably 
caused by the effect of local NOXsources. 

 
Figure 71. Comparison of measured (black dots) and computed (red line) O3 daily maximum of 8 hours 

running average concentrations (µg/m3) for year 2018 in stations located at limited distance from 
Capodichino airport: Casoria (upper left); Maddaloni (upper right); Napoli-Osservatorio (lower left) and Torre 

Annunziata (lower right). 

3.6.5 Computation of the aviation air quality impact 
The impact of the aviation related activities on the air quality has been estimated considering a further 
scenario in which the emissions from airport activities and aircrafts have been removed (see Sections 
3.3.2 and 3.6.1). This hypothetical scenario would correspond to the emission conditions occurring 
during a complete closure of the airport and shutdown of the ground level related activities. The 
impact of the aviation emissions is then estimated by comparing the results obtained for this scenario 
with the reference one. In practise the hourly average concentrations attributable to the aviation for 
all the pollutants of interest have been estimated from the difference between the reference and the 
scenario simulation results in terms of hourly average concentrations of the different pollutants. The 
hourly average concentrations have been later post-processed to compute the air quality indicators. 
The following subsections present the results obtained in term of annual average and maximum 
concentration for the following air pollutants: NO2, NOX, VOC, PM2.5 and O3.  
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3.6.5.1 Aviation impact on NOX 
NOX emissions are the one accounting for the larger pollutant mass emission (Table 9) and the largest 
fraction of anthropogenic emissions due to the Aviation activities in the Napoli area (Table 12). NO2 
and NOX concentrations due to the airport related emissions are therefore expected to have the 
highest concentration values among the different pollutants considered. Figure 72 shows the NO2 
annual average concentration and the hourly average maximum concentration near surface fields. 
While Figure 73 shows the same concentration indicators for NOX. The general aspect of the plume 
generated by aviation emissions is similar for NO2 and NOX, with the area of impact extending from the 
airport towards NE, along the main LTO near surface trajectory portion (Figure 2). The annual average 
concentrations show maximum values of about 2.5 and 4.5 µg/m3 for NO2 and NOX respectively in the 
area surrounding the airport, while the maximum hourly average concentration reach value roughly 
one order of magnitude higher for, up to 20 and 30 µg/m3 for NO2 and NOX. It can be noticed that NOX 

plume is slightly more extended towards Napoli centre and the port area with respect to the NO2 one, 
due to the transport of the NO emitted in the airport area. 

    
Figure 72. Near surface annual average (left) and maximum hourly average (right) aviation contribution to 

NO2 concentration (µg/m3) for year 2018. 

    
Figure 73. Near surface annual average (left) and maximum hourly average (right) aviation contribution to 

NOX concentration (µg/m3) for year 2018. 
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3.6.5.2 Aviation impact on NMVOC 
The annual average of total NMVOC concentration due to aviation emissions shows a quite limited 
area of impact mostly coincident with the airport area and characterised by concentration values in 
the range 2-3 µg/m3 (Figure 74). Annual average concentration levels mostly lower than 0.5 µg/m3 are 
predicted to reach the city center and Napoli port area. Hourly maximum concentration levels are 
expected to reach values of about 30 µg/m3 inside the airport and in the range 5-20 µg/m3 in over a 
wider portion of Napoli urbanized area. Even the hourly maximum concentration impact is much lower 
than the overall annual average concentration of NMVOC when all the anthropogenic sources are 
considered (Figure 63). 

    
Figure 74. Near surface annual average (left) and maximum hourly average (right) aviation contribution to 

NMVOC concentration (µg/m3) for year 2018. 
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3.6.5.3 Aviation impact on PM2.5 
As expectable from the very limited amount of PM emitted by aviation activities (Table 9 and Table 12) 
the contribution of these sources to the ambient concentration of particulate matter are very low. 
PM2.5 annual average concentrations remain below 0.1 µg/m3 and even the maximum values of daily 
average concentration reach a value of 0.3 µg/m3 only inside the airport area (Figure 75). This modest 
contribution appears neglectable when compared with the average values predicted and measured in 
the studied region (Figure 60 and Figure 67). PM10 concentration are not shown because PM is emitted 
by aviation activities in the fine mode and PM10 concentration fields attributable to airport activities 
and aircraft emissions is substantially coincident with PM2.5. 

    
Figure 75. Near surface annual average (left) and maximum hourly average (right) aviation contribution to 

PM2.5 concentration (µg/m3) for year 2018. 

3.6.5.4 Aviation impact on O3 
Ozone is a secondary pollutant that is not emitted by any source but is formed in the atmosphere due 
to the photochemical reaction of NOX and VOC in presence of solar radiation. The estimation of the 
annual average impact of aviation emissions on ozone concentrations provides the concentration field 
illustrated in Figure 76. The prevailing negative values over the area surrounding the Capodichino 
airport mean that the prevailing mean effect of aviation emissions is to increase the titration effect 
which destroys ozone where NOX emissions are abundant. These negative yearly mean values are the 
result of the statistics of positive and negative values occurring during the year. It is therefore 
interesting to analyse minimum/maximum hourly concentrations to verify the time and space 
variability of the aviation emissions. The minimum hourly concentration values reach -20 µg/m3 nearby 
the airport and affect the area interested by the highest NOX concentrations (Figure 73 and Figure 76). 
At variance with what already observed, the maximum (positive) ozone concentrations are located far 
inland of the near surface emission area of aviation (Figure 76). It is then interesting to extend the 
analysis to the concentration maps over the whole model computational domain (Figure 77) which 
confirms that the maximum hourly surface concentration of ozone occurs inland of Napoli-Caserta 
conurbation, at the foot of the mountains and in the NW portion of the computational domain. The 
superposition of the aircraft trajectory tracks reported in Figure 77 shows that the described area is 
located below the main routes of the flights suggesting that the ozone production occurs in the 
intermediate and upper atmospheric layers crossed by the aircraft and impacts the surface when 
pollutants are mixed within the planetary boundary layer and transported towards the inland 
Apennines chain by the prevailing sea breeze circulation during the spring and the summer. 
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Figure 76. Near surface annual average (left) minimum hourly average (center) and maximum hourly average 

(right) aviation contribution to O3 concentration (µg/m3) for year 2018. 

        
Figure 77. Hourly maximum aviation contribution to O3 concentrations (µg/m3) over the whole FARM inner 
domain for year 2018 (left) and the same filed with superposed the routes of aircraft taking off and landing 

in Napoli Capodichino airport. 

3.6.6 Estimate of ozone production due to airport activities and aircrafts 
emissions 

The aviation emission impact on ozone concentration discussed in the previous section 3.6.5.4 rises a 
question concerning the overall impact of those emission: does the net effect of aviation emissions 
produces or destroys ozone considering the complete dynamic of pollutants transport, dispersion and 
chemical reaction inside the 3D model domain? To answer those type of questions a mass balance is 
computed over the model domains and saved at each hourly saving time step. This tool, included into 
FARM software allows to compute and to save for later post processing the overall production of O3 
occurring inside the model domain, that has a horizontal dimension of 100 x 88 km2 and a vertical 
depth of about 7 km. Comparing ozone chemical production obtained from the reference and scenario 
simulations it has been possible to estimate the contribution due to aviation emissions. Figure 78 
reports the seasonal and annual integral of the ozone mass produced by chemical reaction inside the 
inner computational domain due to all anthropogenic sources and to aviation emission only. The 
seasonal variation of ozone chemistry is rather clear, with ozone production during spring and summer 
and prevailing ozone destruction during autumn and winter. The amount of ozone produced during 
the spring-summer is much larger than the mass removed by chemical reaction during autumn-winter, 
causing a positive annual balance of ozone production. The annual amount of ozone produced by 
aviation emissions occurring inside the inner computational domain (Section 3.6.1) has been estimated 
to be 1252 tons, corresponding to 2.31% of the overall ozone produced in the area. The daily balance 
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of ozone production is shown in Figure 79 where the chemical reaction production has been integrated 
over the whole inner computational domain on a daily basis. Different vertical axes have been used 
for results including all pollutant sources and the aviation only to make the graph readable. The day-
by-day chemistry production due to the aviation emissions is quite similar for the overall one caused 
by all the emission during spring and summer when the meteorological forcing causes the daily 
fluctuations. This correspondence seems lost during autumn and winter, when local effect can be 
determinant on the chemical removal process (titration). The superposition of the curves with the 
chosen vertical axes scales shows that the aviation contribution to ozone production remains stably in 
the range of 2.5% of the total production. 

  
Figure 78. Seasonal and annual total O3 production (g) inside FARM inner computational domain attributed 

to all the sources located inside the domain (left) and to the aviation emissions only (right). 

 
Figure 79. Daily O3 production (tons) inside FARM inner computational domain attributed to all the sources 
(blue, left vertical axis) and to the aviation emission only (orange, right vertical axis). The curves have been 

plotted referring to different vertical axis to make them readable and comparable. The right axis spans a 
range of value equivalent to 1/40 (2.5%) the range of values spanned by the left axis. 
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4 Impact of aviation on long-term and global 
phenomena (climate) 

4.1 Introduction 

Currently aviation contributes globally a few percent to the total anthropogenic emissions. Owing to 
the increasing air traffic and despite the improvement in the transport efficiency and the fuel 
consumption efficiency, the global aviation emissions have kept increasing, at least before the COVID-
19 lockdown, at a relatively fast speed. For example, for years 2013 to 2018 the annual increase of CO2 
emissions has been about 5%, per year while being about 2.2% per year from 1970 till 2012 ([33]; [20]). 

Locally, the aviation can have noticeable effect on air quality by increasing the PM, nitrogen dioxide 
(NO2) and ozone (O3) levels due to emissions. Globally, the effects originate mainly from changes in 
GHG concentrations, which can be direct climate impact (like CO2), - or indirect, such as NOX emissions 
changing the concentrations of ozone or methane (CH4), or changes in aerosol concentrations and 
cloud formation due to emissions of BC and OC, or sulphur dioxide (SO2) and water.   

The total effect of aviation has been currently estimated to contribute to anthropogenic climate forcing 
of order about 100 mW/m2. The forcing is partly caused by the increase in the carbon dioxide 
emissions (currently about 34 mW/m2), but also to an even larger extend by formation of water 
contrails and cirrus clouds arising from them. In general, the clouds can have both cooling and warming 
effects, but the effects during night are exclusively warming ([20]). 

Another warming effect originates from NOX emissions, which due to photochemistry distort, e.g., the 
ozone, methane, carbon monoxide and reactive hydrogen (HOx) levels. These effects were quantified, 
e.g., in [17] . The net effect of the NOX emission is expected to be warming, due to increase in ozone. 
However, the NOX emission also tends to decrease the CH4 levels, which in turn decrease the ozone 
levels. These effects have been estimated to have smaller cooling effect than what originates from the 
ozone increase due to the NOX emissions, but their effect is more long-term. The effect of the NOX 

emission is summarized, e.g. in the paper [8]. 

BC and OC emission, together with sulphur dioxide emissions from aviation induce formation of 
aerosols that have very complicated interplay with cloud formation processes. Therefore, their effect 
on global warming is the most uncertain. The net contribution of sulphur emissions is expected to be 
a cooling effect, owing to formation of sulphate aerosols ([20]). 
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4.2 SILAM model results 

In order to evaluate the aviation contribution to global air quality and its long-term effects, we used 
SILAM CTM (http://silam.fmi.fi). We modelled the years 2001-2019 using CAMS global v2.1 inventory 
for standard anthropogenic emissions, including VOCs. Other emissions were the fire emissions from 
MACCity/ACCMIP inventory, biogenic isoprene and monoterpene emission from the MEGAN 
inventory. For lightning emission, which are important source in NOX emission in troposphere, we used 
GEIA emission map, scaled to produce yearly about 5 Tg of nitrogen. Additionally, SILAM model has 
dynamic emission of sea-salt, DMS, and dust. The model was run using CB5 chemistry, including 
stratosphere and halogen chemistry, with main CFC species and their emissions. 

To quantify the aviation effects, the model was run in 2 degrees resolution from February 2000 to end 
of 2019. As a driver, ERA5 meteorology was used. Year 2000 can here be considered as a spin-up 
period. The model was run both with and without aviation emission. For aviation emission we used 
both EDGAR 4.3.2 aviation inventory (using cruise altitude as 9-12 km), and CAMS-GLOB-AIR v1.1 
inventory where the emissions are split into 23 layers, each 610 m thick. The CAMS inventory is based 
on the EDGAR inventory, with extension to more recent years, 2000-2019, while EDGAR inventory is 
only up to year 2012. Both inventories have the standard air pollutants and the VOCs. Figure 80 
illustrates the total NOX emission for year 2019 as provided in the CAMS inventory. 

 

 
Figure 80. Total 2019 NOX emissions based on the CAMS GLOB AIR v1.1 emission inventory.:[ kg m-2 sec-1].  

Currently in SILAM the species like CO2 and CH4 are considered as fixed species with their concentration 
being predetermined. Therefore, here we concentrate in changes, which originate from the direct 
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ozone production from NOX emissions and the direct effect of aerosol particles originating, e.g., from 
emission of elemental and organic carbon, together with the SO2 emissions. 

The most noticeable aviation effect on the tropospheric chemistry, according to the SILAM simulations, 
is the increase of ozone levels in the troposphere, which agrees well with the previous studies. The 
increase of total ozone seems to be linearly proportional to the amount of NOX emission, as also noted 
in [8], and also seen in our supplementary simulations where the NOX emissions where about 50% 
higher than what is shown here. Figure 81 shows the change in total ozone (averaged over the globe) 
due to aviation, using both EDGAR and CAMS aviation inventories.  

 
Figure 81. Increase in total ozone due to aviation based on the SILAM model runs. The two different curves 
correspond to EDGAR v4.3.2 (red, solid), and CAMS GLOB AIR v1.1 (blue, dashed) emission inventories used. 

As one might expect, also in line with previous studies, the increase of ozone is concentrated in NH in 
the regions with high density of the air traffic. Globally the ozone is increased by about 1.2 DU (2010 
mean), with most of the increase concentrated in NH. Seasonally, the largest effect in NH appears in 
the spring and early summer after the darker winter period. This is illustrated in Figure 82, where the 
increase in ozone, using the EDGAR inventory, is shown for 2010: annual mean increase, together with 
monthly maps. Based on the earlier results ([8]) the increase in ozone would correspond to the 
additional of radiative forcing by 43 mW/m2.  

Contribution of aviation to the fine particulate matter is illustrated in Figure 83, where we have plotted 
the change in PM2.5 concentration as a function of altitude, averaged over the globe, also for year 
2010. The PM concentration is increased everywhere, except for altitudes slightly above the cruise 
level. The absolute increase is expectedly very small: at a level of ng m-3, but in the pristine 
environment near and above the tropopause it is not negligible: in the lower stratosphere it can reach 
few percent. 
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Figure 82. Increase of total ozone column due to aviation emissions (EDGAR v4.3.2). The top main panel is 2010 
yearly mean, while the small bottom panels illustrate the monthly changes in the total column (January to 
December). All the panels have the same scaling, denoted in the main colour bar. 
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Figure 83. Change in PM2.5 concentration due to aviation when using EDGAR emission inventory, as a function 
of altitude. The left panel shows the absolute increase of the PM2.5 particles, while the right panel shows the 
PM2.5 concentration, relative to the case without aviation emissions. 

4.3 Radiative forcing calculations 

In order to evaluate the RF caused by the aviation emissions, we calculated the RF with the libRatran 
v.2.0.4 software package. The principle of the calculation is similar to the one of Sofiev et al. (2018). 
Some improvement of the procedure relates to the quality of the driving meteorology (ERA5 from 
ECMWF) and from the newer version of the SILAM model, which provided the ozone and aerosols 
profiles. We estimated the direct effect, which originates from the ozone increase, together with the 
aerosol effects on radiation of the aerosol particles (e.g. OC, BC, sulfates). The aerosol effect was 
represented with the change of the total aerosol optical column depth (OCD). The rest of the libRatran 
setup corresponds to its default mode. The single-scattering albedo for aerosols was set to 0.99. The 
wave-length window was set from 240 to 4000 nm. The total aviation effect on RF is obtained by 
comparing the upward diffusive irradiance with and without aviation emissions. The ozone effect is 
obtained by using the aerosols from the case without aviation. The direct aerosol effect is calculated 
with the SILAM ozone profile from the case without aviation. 

Due to rather heavy radiative transfer computations, which require hourly resolution, the first results 
were computed for the specific months of 2010: April and October. Figure 84 illustrates the monthly 
averaged RF, separated into total, ozone, and OCD components. As expected, the net direct ozone 
effect causes warming, but on average the RF is less than estimated in the earlier studies. Our 
calculations indicate that the increase in ozone will only have global warming effect of +14 mW/m2 
and +13 mW/m2 for April and October, respectively. This is about 4 times smaller than estimated e.g. 
in ([8]) due to change of ozone of about 1.2 DU. The most likely reason for this is that previous 
evaluations have had poorer resolution, and/or they have concentrated only on troposphere/lower 
stratosphere, while our model includes the stratospheric chemistry and extends up to 10 Pa.  

The direct effect due to the OCD changes has both warming and cooling effects. On daily average, the 
local cooling effect can be as large as -400mW/m2, the maximum daily averaged local warming effect 
being typically less than +50 mW/m2. As expected, the effect is mostly visible in the Northern 
hemisphere (in the Southern hemisphere it is much smaller) where the RF due to aerosols has faster 
temporal variation than the RF due to ozone. On monthly average, the change in optical column depth 
produces cooling with RF about -6 mW/m2 (April) and -3 mW/m2 (October). The strongest cooling 
effect in April is above Central Europe and surrounding sea areas (North Sea, English Channel, Celtic 
Sea, and Bay of Biscay).  
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Figure 84. Change in radiative forcing due to aviation. The uppermost line of panels shows the total effect due 
to aviation emissions. The center panels illustrate the effect due to ozone changes while the lowermost line 
of panels show the direct effect due to aerosols changes in OCD. The left panels are mean values for April 2010, 
while the right panels are for October 2010. Aviation emissions are from the EDGAR 4.3.2 inventory. 
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5 Summary and conclusions 

5.1 Impact of aviation on local environment 

The Impact of aviation on the local environment has been studied by means of modeling simulations, 
performed on yearly basis, involving the emissions of both the Napoli Capodichino airport and all the 
other sources of pollution present in the region around the airport. 

Using a Lagrangian particle code, the separate impact of the airport activities at a relatively high 
resolution (100 m in the horizontal) shows a localized maximum for the yearly averaged NO2 
concentrations of about 43 g/m3, slightly higher than the limit imposed by the EU air quality 
guidelines of 40 g/m3. This result will be subject of further investigation, as one of the objectives of 
the CREATE project is to mitigate the impact of aircraft emissions. However, this large impact is 
localized inside the perimeter of the airport, rapidly decaying outside it. At a distance of about 2-3 km 
from the airport, concentrations are below 1 g/m3. 

The separate contributions related to GSE and LTO (separated into taxi and takeoff/landing) activities 
show a similar contribution at the ground for GSE and LTO-taxi and a smaller (5-6 times less) 
contribution for takeoff/landing. 

Similar results, in terms of different contributions are obtained for the concentrations of primary PM10 
simulated by the Lagrangian code, showing however, for this pollutant a small impact with respect to 
the limits, due to the absence of the contributions due to the secondary PM10. 

Even for SO2 the local impact of aviation is well below the EU limits, showing for example a maximum 
of the yearly averaged concentrations of 6.3 g/m3 localized inside the airport area, compared to a 
limit of 20 g/m3. For the main contribution results SO2 to be due to the LTO-Taxi activities. For 
Benzene, the aviation impact shows a maximum local contribution of about 0.3 g/m3, again localized 
inside the perimeter of the airport, compared to a limit of 5 g/m3. Also for this chemical specie, the 
contribution is almost solely generated by the LTO-taxi activities, with a very limited portion, less than 
two orders of magnitude, due to takeoff/landing. 

At the regional scale, the impact of the aviation related activities on the air quality has been studied 
analysing NOx, NMVOC, PM2.5 and ozone ambient concentration, applying a chemical transport model 
to take into account secondary pollutant formation mechanisms. 

The general aspect of the plume generated by aviation emissions is similar for NOX, with the area of 
impact extending from Napoli Capodichino airport towards NE, along the main LTO near surface 
trajectory portion. Over a strip of land about 1 km large the airport contribution to annual average NO2 
concentration has been estimated to be slightly larger than 1 g/m3. The hourly maximum NO2 
concentrations predicted over the same territory are in the range 10-20 g/m3. Higher concentration 
are predicted inside the airport, where higher resolution estimations obtained by the Lagrangian 
particle model have to be considered more reliable.  

Coherently with what was described for the local scale application, the plume of NMVOC and PM 
showed different features and impact areas, extending from the airport towards the port and the Gulf 
of Napoli. The annual average of total NMVOC concentration due to aviation emissions shows a quite 
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limited area of impact mostly coincident with the airport area, out of which the predicted 
concentrations do not exceed 2 g/m3, similarly to what was estimated by the Lagrangian particle 
model simulation. It can be noticed that the overall concentrations caused by all the anthropogenic 
emissions are expected to exceed a yearly average value of 100 g/m3 over the central area of Napoli 
city. 

As expected, from the very limited amount of PM emitted by aviation activities, the contributions of 
these sources to the ambient concentration of particulate matter are very low, even including the 
secondary PM produced by chemical reactions in the atmosphere. The expected contribution of 
aviation related emissions to PM2.5 annual average concentrations outside the airport is predicted to 
remain lower that 0.1 g/m3 and even the maximum hourly average concentration contribution has 
been estimated to remain lower than 0.25 g/m3. Due to the aviation emission features PM10 
concentrations showed values nearly coincident with PM2.5. 

The estimation of the annual average impact of aviation emissions on ozone concentrations depends 
on the distance from the airport location. Prevailing negative values are estimated over the area 
surrounding the Capodichino airport, due to an increase of the titration effect, due to land activities 
and aircraft NOX emissions, which destroys ozone where NOX emissions are abundant. Therefore, the 
aviation emissions can be expected to reduce average ozone concentration in the urban area 
surrounding the airport. A different impact is highlighted when the whole ozone production is 
estimated inside the model domain, an area of horizontal size of about 100 km, with vertical depth of 
about 7000m. The overall annual production of ozone has been estimated to be 1252 tons, roughly 
equivalent to 2.3 % of the overall ozone production attributable to all the anthropogenic and biogenic 
emissions inside the considered area. The estimation takes into account that the net effect of aviation 
emissions is of ozone production during spring and summer and prevailing ozone destruction during 
autumn and winter. This temporal variability is coherent with that of all the pollutant sources 
considered together. 

5.2 Impact of aviation on long-term and global phenomena (climate) 

The aviation effects on climate and radiative forcing originate from the changes in GHG concentrations, 
direct aerosol effects, and cloud/contrail formations. The most important and best understood effect 
is due to the increase of CO2, which increases the radiative forcing. For CH4 and O3, the changes 
originate mainly from the NOX emissions but the underlying mechanisms are generally more complex. 
The direct increase of ozone due to the present level of NOX emissions is estimated to be globally 
around 1.2...1.4 DU, resulting in the radiative forcing about +13 mW/m2, which is somewhat smaller 
than estimated previously. On average, the direct RF effect from aerosols is cooling, the amplitude 
being about half of the ozone effect. 
 
Even if the radiative effects from the contrail formation and successive changes in cloudiness are rather 
uncertain, it seems that these effects have larger effect on RF than the effects from NOX and aerosol 
emissions, and even larger than those from CO2. Therefore, in order to reduce the radiative forcing 
due to aviation, the more effective method is trying to avoid the contrail formation. However, the 
much longer lifetime of different GHGs implies that we cannot ignore these effects. Especially, since 
many of these effects are indirect and the current confidence level is, at the best case, medium or low. 
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