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Monthly mean afternoon (1 to 4 PM) surface ozone concentrations 
calculated for July 2011 using Harvard GEOS-CHEM model.
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Mediterranean area vulnerability
EEA ozone indicators

AOT40 - 2012

93.2 percentile of O3

maximum daily 8-hours mean
2013
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Ozone accumulation over the Mediterranean sea
Model simulations

CAMS/Copernicus regional air quality forecast (ENSEMBLE median): O3 daily mean
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Ozone accumulation over the Mediterranean sea
Shipborne observations

Velchev et al., 2011: Ozone over the Western Mediterranean Sea –
results from two years of shipborne measurements, Atmos. Chem. Phys. 5



Campania
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Naples (> 3 millions inhabitants):
- one of the largest conurbation on the EU shores of the Med. sea.

- highest population density in Italy (exceeding 10000 inh/km2 in 
some municipalities). 
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Project AriaSaNa (www.ariasana.org)

measuring:

• 3D-wind;   T_air;   CO2,   

H2O (50 Hz);

• CH4 (10 Hz);

• O3 (2 sec);

• PM (8 classes) (6 sec);

• NO, NO2 (20 sec);   

Surface and airborne
measurements

Local scale meteorological
and air quality modelling
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cruise flight speed: 45 m s-1

(160 km/h)



Simulation set-up: WRF + FARM

WRF V3.5.1
Grid spacing: 45, 9, 3, 1 km
Vertical grid: 41 levs (up to 50 hPa)
BCs: GFS
Land Cover: CORINE 2006

FARM
Grid spacing: 4, 1 km
Vertical grid: 16 levs (up to 10 km)
Emission inventory: ISPRA2010 
downscaled at municipal level for 
Campania Region
BCs: air quality forecast from QualeAria

 SAPRC99 gas phase chemical 
mechanism implemented using KPP

 aero3 (CMAQ) aerosol module
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15/07/2015 00:00 UTC

Summer 2015 ozone episode
Persisting high pressure
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15 and 16 July 2015 Flights
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Napoli 
Capodichino

observations

WRF

Wind

P

T

RH
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Giugliano (rural) Observations

WRF

Wind

H0

u*

MO length
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Napoli city

O3 concentration

Inland area

observations

FARM

NA01

S.Marcellino

S.Vitaliano

Acerra ZI
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O3 concentration

Inland area

observations

FARM

Tufino

Vesuvio
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15/07/2015

Morning
7:30-10:40 l.s.t.

Afternoon
14:43-17:39 l.s.t.

horizontal legs length  30 km
average height  150 m a.g.l.
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15/07/2015

Morning
9:00 l.s.t.

Afternoon
15:00 l.s.t.
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15/07/2015 P4 - Land

10:07-10:33

17:09-17:33

speed dir 

WRF HPBL: 
808÷957 m

WRF HPBL: 
534÷557 m

Aircraft

WRF

18



morning afternoon

15/07/2015 - O3 concentrations

19

19



15/07/2015 afternoon O3 concentrations

NO2
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20

O3



O3
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15/07/2015



O3
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15/07/2015



7:56-8:24

O3

8:39-9:07 9:22-9:49

10:02-10:33

P1

P3P2

P4

16/07/2015
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WRF back-trajectories
arriving at P1 location from 350 to 735 m a.s.l.
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15/07/2015 08:00
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15/07/2015 09:00
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15/07/2015 10:00
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15/07/2015 11:00
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15/07/2015 12:00
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15/07/2015 13:00
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15/07/2015 14:00
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15/07/2015 15:00

32



15/07/2015 15:00
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15/07/2015 16:00
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15/07/2015 17:00
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15/07/2015 18:00
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15/07/2015 18:00
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Ozone mass balance

Integrated values over 

FARM computational domain



 Measurements and model results confirm that elevated ozone concentrations 

affect Naples inland flat region, where photochemical production takes place.

 Low ozone values over Napoli gulf could be explained by titration effect of 

marine traffic emissions possibly underestimated by model simulation.

 The elevated ozone rich layer (500-1000m) detected by airborne 

measurements can be caused by a combination vertical dispersion, surface 

titration and recirculation in the afternoon residual layer.

 Model results show seaward ozone transport in return current over 1200m.

 Naples conurbation role of O3 source is confirmed.

Conclusions
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AriaSaNa project has been funded by Regione Campania and coordinated by the 
Institute for Mediterranean Agriculture and Forest Systems  (ISAFOM) of the 
National Research Council.

40



S.No. Name of Instrument Parameters measured Accuracy

1. LICOR-7500 CO2 and H2O densities of air Within 1 % of reading for CO2 and within 2% of

reading for H2O

2. Best Aircraft Turbulence (BAT) 

probe

3D wind speed with respect to aircraft

3. Riegl Laser Altimeter LD90-3 Aircraft flying height from the ground Typically 0.5 m at highest range and 10 cm at

minimum range

4. C-MIGITS (Accelerometer) Position, velocity, and attitude information Position (SEP): 3.9 m, Velocity (1 sigma,

horiz/vert): 0.1/0.1 m/s, Pitch and Roll (1 sigma):

1.0 mrad, Timemark Output 1 pps: 1

microsecond, Heading (1 sigma, in motion): 1.5

mrad

5. GRIMM 1.109 Optical 

Particulate Counter

Fine dust analyses within the size range 0.25 - 32 µm 

in 31 size channels and also determine the dust mass 

from that

± 3% in max. range

6. 2B Technologies Model 202 

Ozone Monitor™

Ozone ranging from low ppb up to 100,000 ppb (0-

100 ppm)

~1 ppb

7. 2B Technologies 405 nm 

NO2/NO/NOx Monitor

Atmospheric NO2, NO and Nox ( = NO + NO2) 0-10 ppm in the concentration range 0-10,000

ppb for NO2 and 0-2 ppm in the range of 0-2,000

ppb for NO and NOx

8. LI-190SA Photosynthetically 

Active Radiation (PAR)-

Radiometer

Photosynthetic Photon Flux Density (PPFD) Sensitivity: Typically 5 μA to 10 μA per 1,000

μmol s-1 m-2

Linearity: Maximum deviation of 1% up to 10,000

μmol s-1 m-2

9. Everest IRT (Infrared 

Temperature)

Infrared temperature of the soil

10. Micro LiDAR Vertical profiler of the atmosphere based on laser 
technology for optical remote sensing.

11. ARK 3360 Industrial PC ark 3360 for the acquisition of data with 

Ububtu OS

-
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SKY Arrow payload



WRF AWR V3.5.1 Configuration
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WRF physics

scheme

Input namelist

option

description

Microphysics mp_physics=6 Single-Moment 6-class scheme

(ice, snow and graupel processes)

Longwave Radiation ra_lw_physics=1 RRTM (Rapid Radiative Transfer

Model), accurate scheme using

look-up tables

Shortwave

Radiation

ra_sw_physics=2 Goddard shortwave (two-stream

multi-band scheme with ozone

climatology and cloud effects)

Cumulus

Parameterization

cu_physics=1 Kain-Fritsch scheme (deep and

shallow convection)

Land Surface sf_surface_physics=2 Noah Land Surface Model

Surface Layer sf_sfclay_physics=2 Eta similarity (based on Monin-

Obukhov theory).

Planetary Boundary

layer

bl_pbl_physics=2 Mellor-Yamada-Janjic Eta

operational scheme


