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National Observatory of Athens
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ABSTRACT

The impact of residential characteristics, the configuration of the traffic network in the vicinity of the
residence andraffic load on outdoor residential particulate matter concentrations was investigated.
Particulate mass and number concentrations were continuously measured in a fixed ambient site and
outside of 35 residences in the greater metropolitan area. The gdaliference between the fixed site
and outdoor residential concentrations was investigated, indicated that suburban residencies experienced
lower levels than those measured for residencies in the Inner Ring, while traffic in major arteries resulted
in sukstantially higher concentration in residencies within 10m, as compared to those located farther
away. This study provided a quantitative evaluation of the contribution of discrete characteristics of the
residence and traffic network.

1. INTRODUCTION

Recentstudies have shown important spatial variations ind=d PM s, in a city,
at urban areas in California and Cané@eook, et. al. 1999; Pinto et. al. 200/ ostly
due to topography, automobile emissions and meteorological pattermet al., 2001;
Goswami et al., 2002; Nerriere et al. 2005he main source of fine and ukfime
aerosols, in an urban aremith no influence from industrial sources, is traffic (Hitchins
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et al., 2000; Morawska et al. 1999). concentration gradieritas ben measuredas a
function of distance from busy roadwaysathin 50 meters from the roadepending on
pollutant and meteorological conditiongHowever, the relationships between PM
concentrations and traffic characteristidike the distancérom the major street and
otherrelevant factorare not well explaine(Kinghamet al, 2000).

The objective of the study is to investigate how outdoor PM levels are influenced by
traffic characteristics. This was achieved by diremnparison of outdoor PM levels
with those measured on a fixed site, for a large number of locations, within the
metropolitan area on Athens. In addition, the role of community characteristics, such as
the type of buildings and the width of roads were @gnsideredThis investigation
was part of a larger study that involved measurements in other urban areas within the
European Union.

2. METHODOLOGY

Daily samplesof PM;o and PM s were collectedwith Harvardimpactors operating
at 10 Imin (Air Diagnosticsand Engineering Inc., Naples, ME, USA) a fixed,
Aireferenceo, site f onrnfroh @ceober20@2itor Marchn20p4i t or i n
and outside of35 residenciesn the Athens metropolitan aredhe locations of the
reference and residential sites apeesented in Figure 1ln each residence,
measurementsvere takenduring one week.Particle mass was determindaly
gravimetric analysis usingn z } -5 analyticalmicrobalance with a precision dfeg
(Mettler-Toledo Inc.) according to the metho& ?12341 Air Quality Field Test
Procedureo DemonstrateReferenceEquivalenceof SamplingMethodsfor the PM;g
fraction of particulatematte). Absorbance (a surrogate for black carbon) was measured
by reflectance on PW filters. At the same timel-min measuremnts of particle
number concentrationsPNC) were continuously obtainedising a TSI 3022A
Condensation Particle Counter (CP®@) the fixed siteand outdoors. Th€PC was
equipped with single channel silica gel diffusion dryercontrol condensation ofater
vapour. The dmin PNC measurements were imagd to 36min, 1-hr and 24hr
average concentrations.

The structural characteristics of the residence and the configuration of the nearby
traffic network were recorded in a questionnaire. These chaslictewere selected in
order to obtain a uniform database, satisfy the largest majority of residencies in Athens
and in the other participating urban areas and reduce any conflicts of personal
information includedresidence locationl( centre 2: suburl); residence age (before
1980(1), after 198Q(2)); residence type (attaché®)- detachechomes/apartmenid));
outdoor sampling height {@m (1), 3i 6m (2), >6m (3)); position of outdoor sampling
(faces the backyarfl), to the street (3) proximity to crossroadand canyon effectO(
no, 1: yey; areas ofight (1) and heavy(2) traffic; distance from the fixed sitei(® km
(1), 5/ 10 km(2), >10 km(3)); traffic-classified residenc®: no, 1: traffic); total vehicle
flow; proximity to nearest streeti(®dBm (1), 5 10m(2), >10m(3)); proximity to nearest
major street and traffic light (@00m (1), 100 500m (2), >500m(3));. The residences
located on streets having uninterrupted buildjmgsboth sides of the streébr at least
20m, and the ratio of theuilding height divided by 2 times the distance between street
sides being higher than 1,5vere identified as canyetype microenvironments.
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FIGURE 1. The locations of fixed ambient site and residencies.

Multivariate regression analysis was appliew resolve andexamine the
relationships between home outdoor concentratidmeed ambient concentrations,
categorizedesidentialraffic featuressariables and fixed ambient measurements

3. RESULTS AND DISCUSSION

The relative differencg%qC/Crxeq) Was computedas the percentage of the
concentration differenceetween measurements at the residential outdoor and fixed site,
to the fixed site concentratiohe negative values of the relative differences indicated
greater values of PM in the fixed sit&edian relative differences provide@n
indication of systematic differences between the fixed aiid outdoor concentrations
Figure 2 shows that PNC and absorbance had greater concentrations at the fixed site,
while PM mass concentrations did not shgreatdivergencs, with median and mean
values close to zero. Coarse PM have a wider range of values, as compared &mdPM
absorbance that can explained bydmanically generated dust fromnaffic and
construction activitiegfor the preparatiorof the 2004 Olympic Gamgs
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FIGURE 2. Boxplot of the median relative difference @3/Fixed) of the outdoor and fixed site
concentrations.

To further examine the intensity of the impact of each characteristic, a regression
model using thenedian relativadifference as the dependent variable arglilbset of
resdential/traffic charactéstics as independent varialde was constructed. The
standardized coefficierit was used @.a metric. Table 1 show that the most important
factors were related with vehicle flow. More specifically, total vehicle flow (cars/day)
had a great influence &bqC/Csixeq mostly for absorbance (0.5) and PNC (0.6) but less
for PMyp (0.4) and coarse particles (0.Zhe location of the residencécentresuburb)
seened to affect mostlyabsorbancé-0.5) andPNC ¢0.7) differenceslin this case, the
negative valug showthat the relative difference of the concentratioras greater for
residences located in suburbgth decreasedutdoor concentrationslraffic homes
affeciedpositively mass differences but mostly absorbance (0.4) although canyon effect,
affeced mostly PNC and absorbance (0.4) implying that in these cases the
concentration differencesvere greater with increased outdoor concentratiorise
sampling height of outdoor measurements affected negatively the differences of coarse
and PM,, which implies thattte increase of the height gives greater concentration
differences.

TABLE 1. The standardized coefficient B of multivariate regression analysis of the median
%qiC/Fixed and outdoor residencies characteristics.

PM 10 PM2_5 PM(102_5) Absorbance| PNC
Centre-Suburb -0.25| -0.18| -0.13 -0.53 -0.67
Areas with high vehicle flow | 0.39 | 0.32 0.29 0.52 0.56
Detachechome/ Apartment | -0.07| -0.41| -0.04 -0.21 -0.36
Building age -0.10| -0.29| -0.06 -0.19 -0.13
Total vehicle flow 0.44 | 0.19 0.36 0.50 0.56
Distance from the nearest ro| -0.13| -0.27 | -0.04 -0.26 -0.21
Distancefrom major street -0.14| -0.33| -0.02 -0.26 -0.31
Distance from crossroad -0.21| -0.27| -0.11 -0.39 -0.41
Distance from traffic lights 0.20 | -0.18| -0.09 -0.22 -0.26
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Distance from the fixed site | -0.12| -0.12| -0.10 0.19 -0.18
Height of outdoor sampling | -0.45| -0.08 | -0.51 -0.11 -0.37
Position of outdoor sampling| 0.26 | 0.27 0.23 0.20 0.24
Distance from parking lot 0.15 | -0.06 0.23 0.20 0.22
Distance from small industry| 0.09 | 0.04 0.05 0.17 0.36
Traffic homes 0.38 | 0.35 0.31 0.42 0.34
Canyon effect 0.10 | 0.04 0.09 0.35 0.43
Season -0.16| -0.02 | -0.08 -0.05 0.13

The multivariate regressionof the outdoor concentrais against the
resdential/traffic characteristiowas carried out in order to estimate the contribution of
residential and traffic factors to the outdoor PM concentrations. The regression analysis
indicated tlatthe most important factomserethe distan@ from major streg28.5g/m*
for PMyo; 21.&g/m? for PM,s) andthe crossroad (58.8g/m® for PMyg; 18.%g/m” for
PM,5). Also important factors for P\ were the outdoor sampling height (2&6/m°)
and the position of outdoor sampler§30.leg/m®). Traffic homes (8.2dg/m®) and
canyon effect (58g/m°) were also important contributors RM;o. The location of the
residence (centresuburb) seems important factor M, . For coarse particleshe
most important factorsvere the position andhe height d outdoor sampling with a
contribution of41.1eg/m® and 26.2g/m® respectively. Also important factorgere the
proximity to a crossroad (32.8g/m°) andto amajor street (16g/m°) as well aghe
residence location (12.29/m°).The factors that influemcabsorbancenostly were the
proximity to mamoransdt rereds sUmr(dasiall €@l . 81 10
2007). A factor of less positive influeneedraffic home$( 0 . &/im)1 Bor PNG the
greater influence comes from sampling height and iposiio the street as well as
proximity to cross road.
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FIGURES 2-6. Contribution of fixed site concentrations, residential characteristics and traffic

characteristics o0RM;q, PM; 5, PM(10.2.5, absorbance and PNC.

4. CONCLUSIONS

The relatie difference (%qC/Cixeq) Was computed as the percentage of the
concentration difference to the fixed site concentrationorder to study the spatial

variation of outdoor concentration from a standard point (fixed siteg particle

number concentratioPNC) and absorbance exhibited greater concentrations at the
fixed site while no variability was observed for different fractions of PM mass.
Statistical analysis using multivariate regression analysis showed that the most
important factors affectingqiC/Fixed) were related to vehicle flow and emissions,
es.

canyon effect factors, affected positivelodC/Fixed absorbance and PNC,

especially for absorbance, PNC, RMind coar se part.

cl

respectively, though sampling affects negdyivee concentration differences for RM

and coarse particles. h& most importantdeterminants of outdoor residential
concentrations were traffic features such as, residence proximity to major streets, traffic
homes and canyon effect. Also, the locatidnthee residence and outdoor sampling
details, like height and position of samplers (face to the street), played an important role

to absorbance and PNC.
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A COMPREHENSIVE SENSITIVITY STUDY ON THE O ZONE CONCENTRATIONS
IN AN URBAN AREA USING THE | DJOINT CMAQ CHEMICAL TRANSPORT
M ODEL

A. SFETSOSD. VLACHOGIANNIS AND N. GOUNARIS

Environmental Research Laboratory, Institute of Nuclear Technel&agiation
Protection,NCSR "DEMOKRITOS", 15310 Aghia ParaskAttikis, GREECE

ABSTRACT

This study presents an adjoint (backwards) sensitivity analysis of ground level ozone for an episodic
event (June 24, 2003), in the Greater Athens Area (GAA) at the receptor site of Agia Paraskevi. The
adjoint version of the @mmunity Multiscale Air Quality (CMAQ v4.5) model has been employed to
perform the simulations. Adjoint sensitivity analysis allows us to assess the areas that have the largest
impact on a given receptor site. The sensitivities have been calculated wsjitactreo pollutant
concentrations and emissions. The meteorology fields are calculated by the Mesoscale Model 5 (MM5,
Penn State University version 3.7.2). The MM5 output is used to produce high resolution daily air
emissions inventories for the main amjhogenic and biogenic pollutants witkhdur time step by an in

house built processor named EMISLAB. The meteorological prediction fields in combination with the
emissions inventories are used as inputs to the CMAQ moHbeldistribution of the sensitivés in the
computational domain for different times, (isarfaces) delineates the influence regions, i.e., areas where
perturbations in some concentrations will result in significant changes in the ozone concentrations in the
area of interest (Agia Parask) at the final time. It was concluded that the most significant influence was
that from the transporteds@nd NQ concentrations from the industrial area in the north of the GAA and
the traffic from the city centre.

1. INTRODUCTION

Threedimensional ahospheric chemical transport models (CTMs) are tools used by the
scientific community to predict the temporal and spatial distribution of air pollutants.
Recent advancements in computational methods and resources have allowed the
calculation of sensitivigs of pollutant concentrations with respect to a large number of
model parameters, improving our understanding of the changing chemical state of key
atmospheric constituents in relation to their sources and sinks. The sensitivity analysis
results in the daulation of the sensitivity coefficients (derivatives) of model outputs
with respect to various inputs. Such sensitivity information can be used effectively in
emission control strategies and air quality management.

There are two general techniques fompaiting sensitivity analysis, the forward and
backward methods. In the forward approach, any perturbation in one or more input
variables is propagated forward in time into various receptors (e.g. Dunker 1984;
Hakami et al., 2003). In the backward (adjomt)de, a perturbation in a receptor based
metric is propagated backward in time through an auxiliary set of equations resulting in
the calculation of its sensitivities with respect to a large number of perturbed input
parameters (e.g. Cacuci and loneBeyor, 2005).

The mathematical formulation of the adjoint sensitivity for nonlinear dynamical systems
has been presented by Cacuci (1981a, 1981b) and Marchuk (1995) and Marchuk et al.,
(1996). The mathematical description of the adjoint sensitivity metpplied to three
dimensional air transport and chemical models could be found in Sandu et al., (2005).
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This paper presents an adjoint sensitivity analysis of ozone concentrations with respect
to emissions performed for the Greater Athens Area (GARA)hereceptor site of Agia
Paraskeviusing the adjoint version of the Community Multiscale Air Quality (CMAQ
v4.5) model (Hakami et al., 2007).

2. METHODOLOGY

2.1. Input data and domain description

CMAQ is a 3D atmospheric chemical transport model (e.g. ByuB62@nd is part of

the operational meteorology and air quality forecasting system currently under
development by the Environmental Research Laboratory (EREL) of NCSR
ADemokritoso (Greece). The meteorology fiel
5 (MM5, Penn State University version 3.7.2), which has been parameterized for
application to the particular geographical and climatic characteristics of the G#A.

MMD5 outputis used to produce high resolution daily air emissions inventories for the

main antihopogenic and biogenic pollutants witkhbur time step by an ihouse built

processor named EMISLAB. The meteorological prediction fields in combination with

the emissions inventorieseused as inputs to the CMAQ model.

0 10 20 30 40 50 N

A

FIGURE 1. Modelling domain ad location of thewo meteorological station (Elefsina, El.
Venizelos) and theeceptor{Agia-Paraskeviused in the adjoint analysis.

The computational domain covered an area & 103 km? with 1 k1 km spatial
resolution (Fig. 1). The case study calesed was a pollution episode that occurred in
the area indune 2324, 2003.Concentrations of air pollutants {ONO and NQ) were
available from pollutiormonitoring stationspperating on a continuous basis under the
supervision of the Greek National rAPollution Monitoring Network(Ministry of
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Environment, MINENV) Ambient concentration values o;@nd NQ were available
from the Aliartos background station operated by MINENV.

2.2. Meteorology simulation

Two consecutive day§23-24, June 2003have beerselected in order to study the
combined meteorology and chemistry effects on the concentration of O3 in two selected
locations in the Greater Athens Arddne MM5 model was initialized at 00:00 UTC on
June 23, 2003 using input meteorological data frdme National Centres for
Environmental Prediction (NCEP) Global Forecasting System (G{=hours
resolution).The model results compared well with observational data (Hellenic National
Meteorological Service) available from two stations, Elefsina and th&/dtlizelos
(Athens airport) (Fig. 2).

Comparison of Wind speed at El. Venizelos and MM5 output Comparison of Wind speed measured at Elefsina station & MM5
output

Wind speed (m/s)
w
Wind speed (m/s)

% o » N w o » o o o~
Y
=
—

FIGURE 2. Comparison of the MM5 calculated wind speed (m/s) results and obses\dtibie
El. Venizelos airporfleft) and Elefsingright) stations.

Winds / Date :2003175 - OUTC Winds / Date :2003175 - 1500UTC

FIGURE 3. Wind fields (near surface) calculated M5 for June 24, 2003, at 00:00 UTC (left)
and 15:00 UTC (right).

In general, e calculated meteorological fields showed that thmoth days were
characterized bgea breeze conditions and rathew near surface winds that favoured
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the air pollution eode formation(Fig. 3). Temperatures ranged from 385 C
between the two days, the highest temperature occurred on June 24, 2003 (Fig. 4).

Comparison of temperature values at El. Venizelos

on ,"'...

de
25 o ae ‘

* LGAV2
MM5

Temperature (C)
n
o
|®

FIGURE 4. SurfaceTemperature temporal profiles as calculated by MM5 and observed at El.
Venizelos (2224, Jure, 2003).

2.3. Air quality

Firstly, the anthropogenic and biogenic emissions of NO;, MMVOC, SGQ and PM
were obtained using EMISLAB, on an hourly basis for the specific gtitl ki) (e.g.
Fig. 4). The calculated emissions were used as input to the CMAIBIMo

FIGURE 5. Emissions of N@(Layer 1) calculated by EMISLAB for June 24, 2003, at 00:00
UTC (left) and 15:00 UTC (right).
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The chemistrytransport model CMAQ was started at 00:00 UTC on June 23, 2003 and
performed a simulation of 48 hours. Axample of the calculateds;@oncentration
profile at Agia Paraskevi (suburban) station is shown in Figure 6. Thesadace

concentration contours of N@s predicted by CMAQ at 9:00 UTC on June 24, 2003 is
shown in Figure 7.

03 Concentrations by CMAQ at Agia-Paraskevi
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FIGURE 6. Temporal ozoa profile from CMAQ at Agia Paraskevi station for28 June, 2003.

FIGURE 7. CMAQ calculated N@concentrations on June 24, 2003, at 9:00 UTC.

3. RESULTS

One suburban station Agia Paraskevi has been selected fadjbi@t sensitivity
analysis which awording to the annual report of the Ministry of the Environment
exhibits the highest amount of episodic events (i.e. exceedances of maxihum 8
average value) on an annual badike adjoint model of CMAQ was rub2 hours
backwards of the target time (outpat12:00, 09:00, 06:00, 03:00 UTC ,June 24, 2003).
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The ®nsitivities of ground level ozone concentrations (madétulated) with respect

to concentrations and emissions of NOCO, VOCs have been obtainedhe
distribution of the sensitivities in theomputational domain for different times, (iso
surfaces) delineat¢he influence regions, i.e., areas where perturbations in some
concentrations will result in significant changes in the ozone concentrations in the area
of interest(Agia Paraskevipt the fnal time.The calculated sensitivities of ozone with
respect to concentrations of pollutants, (@0, and SQ) are shown in Figures-80.

The calculated sensitivities of;@vith respect to emissions of pollutants (NO, JN@re

shown in Figure 11.

FIGURE 8. Calculated sensitivities (dO3/d0O3) at the surface layer (at 3:00, 6:00, 9:00 and 12:00
UTC) (24 June, 2003).

FIGURE 9. Calculated sensitivities (dOMD2) at all model layers (at 3:00, 6:00, 9:00 and
12:00 UTC)(24 June, 2003)
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FIGURE 10. Cdculated sensitivities (dO3&D2 at all modellayers (at 3:00, 6:00, 9:00 and
12:00 UTC)(24 June, 2003)

FIGURE 11. Calculated sensitivitiesith respect to emissions of NQIO3/NO2) (left) and
NO (dO3/dNO) (right) at all modellayers (at 3:00,6:00, 9:00 and 12:00 UTG24 June, 2003)

4. CONCLUSIONS

An adjoint sensitivity study for ground ozone has been performed with the adjoint
model of CMAQ for the receptor station of Agia Paraskevi (June 24, 200@).
difference on the areas of influenceesdent depending on the prevailing wind field.
Concerning the day with wind breeze conditions that correspond to hilgivéls in the

GAA, the impact of the large emissions sources can be easily traced (city centre /
traffic, airport and shipping emigsis) Transported pollutant concentrationss,(® O

and SQ) influence the ozone values at the receptor. The influence of NMVOC
emissions on ozone at Agia Paraskevi was not found to be important, in contrary to the
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NMVOC concentrations for the particulaolfution episode. The study indicated that
focus must be placed on the improvement and updating of the high resolution emission
inventories particularly that concerning the N®missions. Moreover, since the
meteorological influence on the emissions andlugon levels is significant, the
meteorological model over the urban canopy must be configured and evaluated against
observational data.
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SPATIAL AND TEMPORAL VARIABILITY OF THEV ERTICAL DISTRIBUTION
OF AEROSOLS AND ITS DIRECT EFFECT ON SOLAR RADIATION FOR THE
M EDITERRANEAN BASIN

V. PAPPAS, N. HATZIANASTASSIOU!, C. PAPADIMAS?, C. MATSOUKAS?, S. KINNE?, I. VARDAVAS®
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“Department of Environamt, University of the Aegean, Mytilene, Greece
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ABSTRACT

Global vertical distribution datasets for the midible aerosol optical depth by E2M global
modelling have been applied to investigate the spatial and temporal variabit#yvertical distribution
in the Mediterranean basin. Three sites representing different aerosol regimes (maritimejudgsert
urban) were selected. The direatiative effect (DRE) of aerosols on solar radiation at these sites has
been calculated using spectralradiation transfer model. The analysis made separately for fine, coarse
and total aerosol shows that the aerosol DRE values vary significantly,rhaaiglarger for coarse than
fine particles.

1. INTRODUCTION

During the last decades, the scientific community has been trying to estimate the sign
and magnitude of the wedistablished and proven climate change sinceinpiestrial
times. In order to do sanany physical processes have been thoroughly investigated and
model ed. One of the greatest uncertainties
between clouds, aerosols and radiation (IPCC, 2007). Aerosols are small particles with
anthropogenic onatural origin.They reflect solar radiation, reducing its amount reaching
the surface. Furthermore, they absorb it, hence warming the atmosphere. Cooling the
surface and warming the atmosphere can have a negative impact on evaporation from the
surface. Tis, in turn, implies reduced cloud formation and possibly reduced precipitation.
For semiarid regions, such as the Mediterranean basin, the amount of water that is being
evaporated and the amount of precipitation is very imporfdr&.sources of aerosoare
numerous: pollution, fires, deserts, oceans and even the stratosphere provide the
atmosphere with aerosols daily. The difficulty of understanding the complete effect of
aerosols is based on the fact that these particles have only a lifetime ofdayever
possibly weeks (Vardavas & Taylor, 2007). However, the great advance in monitoring
instruments has largely enhanced our ability to measure the atmospheric column aerosol
load on a planetary scale. The combination of grehasbed stations and spdaoerne
instruments provides a great view of the spatial and temporal distribution of aerosols and
clouds within the atmosphere. Nevertheless, not only the horizontal but also the vertical
distribution of aerosols (and clouds) is a great matter. For exakmp&/ledge of the
vertical distribution of aerosols is essential for estimating the -destt effect of
aerosols, consisting in the modification of cloud microphysical structure because of solar
absorption by aerosols (e.g. Penner et al., 2006). Iniaudiiecause of the significant
warming potential of absorbing aerosol (e.g. dust and biomass) over bright cloud systems,
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the determination of the correct relative altitude of aerosols and clouds is essential for
estimating accurately the aerosol direcliative effect at the top of the atmosphere.

AeroCom is an international science initiative to improve detailed aerosol modules in
global modeling through model intercomparison and through comparisons against
observational data. The observations includgelbte retrievals (MODIS, AVHHR,
TOMS and MISR) for aerosol amount and aerosol size (via aerosol optical depth and its
spectral dependence) as well as high quality data for all aerosol column properties from
the grounebased suiisky-photometer network fOAERONET. To derive characteristic
aerosol properties on a global scale, complete and consistent fielesned by an
AeroCom median were improved with quality mukannual statistics by ground based
sun/sky-photometry (Kinne et al., 2005). The melgaroducts constitute monthly maps
(distributions) for aerosol properties, namely aerosol optical depth (AOD), single
scattering albedo¥(e) and Angstrom parameter (AnP). Furthermore, based on AnP the
AQOD is attributed to coarse and fine size mode AOBtr@outions (as the AnP is zero for
the coarse mode and prescribed for the fine mode as function of boundary layer relative
humidity). This simplifies the definition for anthropogenic aerosol, which is assumed only
to affect the fine mode AOD. The vertidiktribution for fine and coarse aerosol is based
on simulations performed with the HAM aerosol module within the global circulation
model ECHAMS (Stier et al., 2007).

Section 2 provides information about the sites and the methodology used. In Section
3 vertical profiles of aerosols on an annual and seasonal basis and results from runs of the
radiation transfer model are presented for the sites. Finally, certain conclusions and
further research description can be found in Section 4.

2. DATA AND METHODOLOGY

The research area covers t#46. BANacGnMediOt &
38. 5AE), as shown in Figure 1. The anal ysi
emphasis was also given on specific sites, which are representative of characteristic
aerosol regimes in the Mediterranean Basin.

=

xne

Sl CAR CE L O N | & "hessaloniki

= -5

‘.:‘ﬁ*‘ > WS oale
ed three representative aerosol sites.

FIGURE 1. Study area and th
The spatial distribution of AeroCotmased fine, coarse and total AOD (Figure 2)

reveals a strong variabilitgnd distinct souttio-north- and westto-east gradients. Large
fine AOD values appear over Europe, especially over the central and eastern European
countries, but significant fine aerosol loads are also found in Balkan peninsula, in northern
Africa and Mddle East. On the other hand, large coarse AODs are mainly limited over
North Africa, leading thus to maximum total AODs there. There is a distinct area with
large total AOD over the Adriatic and Black Seas and the Balkan peninsula.
Subsequently, a seleati of representative sites was made based on the AeroCom
climatology. Three sites, Tripoli, Barcelona and Thessaloniki were selected, to represent
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different aerosol types based on the different contributions of fine and coarse mode AOD.
Coarse mode aerosohre primarily of natural origin, such as maritime aerosols (sea
spray) and desert dust. Fineode aerosols are more numerous (Vardavas and Taylor,
2007) and include soot (carbon particles) and sulphate particles (mainly originating from
the combustion ofuels and to a smaller degree from volcano eruptions and biomass
burning). For each site, -longgudesarea has beerd i n g
selected and the val uesoimft salwli tdirningitrhel 2( 5
were average

Barcelona is an urban area with significant amount of pollutants (annual fine aerosol
AOD is 0.10, or 59% of total AOD), but AOD attributed to natural (coarse) aerosols is
also quite large (0.07) (Figs. 2a and 2b). A fraction of coarse aerosols tbetd bb
maritime, coming mainly from the Mediterranean. However, there are also frequent dust
outbreaks, especially in summer (Gkikas et al., 2009) that enrich the coarse aerosol load.
Thessaloniki is the second largest city in Greece, with a lot of ol|udue to traffic and
heavy industry (fine aerosol AOD equal to 0.18, or 69% of total AOD) but also with
significant coarse AOD (0.08). Tripoli, on the north side of Libya, is right on the pathway
of the transportation of desert dust (coarse aerosol)ttarsl has a large aerosol load,
consisting almost equally of coarse (0.18 or 58%) and fine AOD (0.16 or 42%)).

50N i ; : 50N

(b)

015 02 025 03 035 (C)

FIGURE 2. Geographical distributions of annual mean visible (at 550 nm) AOD for (a) fine
aerosols, (b)dr coarse aerosols and (c) for total aerosols.

3. RESULTS

3.1Vertical profile of aerosols
Figure 3 shows the vertical profile of aerosol load for total, fine and coarse aerosols

for the three selected sites. The largest value of total ADIB4) appers for Tripoli, due
to the Sahara desert in its vicinity. This maximum occurs within the boundary layer, at the
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height of 1.5 km, above which AOD gradually decreases. This is true for all sites,
implying thatthe largest part of the columnar total AODwghin the boundary layer, or

in the first 2 km.The smallest AODs through the entire troposphere are observed in
BarcelonaAs far as fine aerosols are concerned, Thessaloniki has the largest AOD value
(up t00.039near surface) among the three sitesilevtihe largest coarse AOD is clearly
found for Tripoli due to desert dust loadings coming from Sahara desert in the south.
Despite this, however, Tripoli is affected almost equally by fine aerosol as well, probably
due to its pollution (its population @most 2 million people). For both Thessaloniki and
Barcelona fine aerosol loads dominate the coarse ones in the boundary layer.

Total AOD

‘‘‘‘‘‘ Barcelona
==-Thessaloniki
=—Tripoli

o 0.01 0.02 002 0.0 0.05 0.06
Aerosol Optical Depth (
a)

Fine AOD Coarse ACD

o Barcelona
==+Thessaloniki
= Tripoli

o Barcelona
== Thessaloniki
== Tripoli

=
=

Altitude (km)
Altitude (km)

en
=

: - ;
0 001 0.02 0.03 0.04 0.05 0.06 0 0.01 0.02 0.03 0.04 0.05 0.06

Aerosel Optical Depth (b) Aerosel Optical Depth (
c)

FIGURE 3. Vertical profile of: (a) total, (b) fine and (c) coarse aerosol AOD for thde2teel
Mediterranean sites (Barceledatted, Thessalonildasheedotted, Tripolisolid).

3.2Seasonal variability of vertical aerosol profiling

Figures 4 to 6 show the seasonal (averaged over the three months of each season)
variability of total, fineand coarse aerosols (AOD), respectively, for the 3 sites. The
decreased convection during winter does not allow aerosols to rise high in the
troposphere, the main aerosol loadings being thus confined in the lower (<5 km)
troposphere. On the contrary, dwinhe rest of year, and especially in summer, the
increased mixing depth of the atmospheric boundary layer permits aerosols to rise to
higher altitudes. Synoptic conditions are known to affect significantly the distribution of
aerosols, both in horizontand vertical dimensions. For example, Tripoli has larger
aerosol loadings than Thessaloniki and Barcelona, which are frequently affected by
cyclonic conditions and receive much more precipitation. On the other hand, summer and
spring are the seasons wittetgreatest total AOD for all sites (cf. Table 1, end of paper),
indicating thus the role of either spring cyclonic conditions leading to lifting and transport
of dust from the Sahara desert into the Mediterranean basin or of summer stable
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anticyclonic coditions and absence of wet removal processes leading to the accumulation
of particulate matter in the atmosphere.

The examination of seasonal variability of the vertically resolved fine and coarse
aerosol AOD separately, verifies the nature of aerosoledch one of the sites. For
example, Tripoli has larger coarse AOD than Thessaloniki and Barcelona throughout the
atmosphere and the year. On the contrary, the latter two regions have larger fine AOD
fractions (AORQhe/AODyoa in %, Table 1) than Tripolihroughout the year, due to their
larger degree of urbanization. Only in summer, Tripoli has similar fine AOD fraction
(62%) with Thessaloniki (74%) and Barcelona (61%), which may indicate possible
transport of air pollution (from Europe) or increasedfare emissions. Thessaloniki is
found to have larger fine AOD (0.18 or 69% of A@E) than Barcelona (0.10 or 59% of
AODya), indicating a stronger anthropogenic particulate pollution, whereas it has smaller
coarse AOD fraction (31% against 41% but ilamabsolute fine AODs), both cities
frequently suffering from dust transport from Africa.
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—Tripoli
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FIGURE 4. Seasonal variability abtal AOD for (a) winter, (b) spring, (c) summer, (d) autumn.
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FIGURE 5. Seasonal variability dine AOD for (a) winter, (b}pring, (c) summer, (d) autumn.
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3.2Direct Radiative Effect of aerosols

Using the spectral radiative transfer model described by Hatzianastassiou et al.
(2007), the direct radiative effect (DRE) of coarse, fine and total aerosols at 550nm has
been calculated for the region and each one of the selected sites, using the AeroCom
spectral aerosol properties (AOD, single scattering albedo and asymmetry pgrarheter
DRE has been calculated using the columnar annual values: a) at the top of atmosphere
(DREroa) (not shown here), b) within the atmosphere (QREand c) at the surface of
the study region (DRE), allowing thus an examination of the role of aeils for the
atmospheric and surface radiation budgets and heating/cooling rates.

Both fine and coarse aerosols significan
absorption of solar radiation, by up to 11 (fine) and 16 Muparse), respectively.
Nevetheless, while the atmospheric warming due to coarse aerosols appears above North
Africa only (Fig. 7b), the warming due to fine aerosols appears to be significant also
above the Balkan Peninsula and up to the central and Eastern Europe. This warming is
due to urban/industrial/biomass aerosols emitted from anthropogenic activities in those
areas. Thus, Thessaloniki undergoes a significant atmospheric warming due to fine
aer os ol % Fig. &9 oppdsite to Barcelona and Tripoli, where fine aeDB®.m
does not exceed 5 WmAs expected, the annual mean coarse (natural) adb&ikm
(Fig. 7b) shows a soutio-north gradient having maximum values in Northern Africa. It is
known that transported dust can reach both Thessaloniki and Barcelona. Haluever,
the quite large distance and induced dispersion, and also to the significant precipitation,
both cities have much smaller coarse aerBRE;nv al ues t han Tri pol i (
value being slightly smaller than Thessaloniki).

s0'N

__1i}
4 6 8 10 12 4

" (b)

1 2 3 -'.1 :1> 6 ‘1 (I? 9 10 " (a) 2
2 for:l(a) fine (left) and (b) coarse (right) aerosols.

FIGURE 7. Annual aerosoDRE, (in Wm'

50°N

FIGURE 8. Annual aerosoDRE, (in Wm®) for: (a) fine (left) and (b) coarse (right) aerosols.

Negative values of aerosol DREat t he r e giplylessscomingr(dndhc e i m
absorbed) shortwave radiation due to scattering and absorption by aerosols. The decrease
can be as much as 22 WniFig. 8b). The effect of fine aerosols is larger primarily in
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Thessaloniki and secondarily in Tripoli, WilREs values of-13.0 Wm? and-11.0 Wm

2, respectively, while in Barcelona it i.3 Wni®. The effect of coarse aerosols has a
more profound soutto-north gradient, resulting in a DRE ef5 Wm? for Tripoli, -8.0

Wm? for Thessaloniki ané4.9 Wm? for Barcebna. Although the columnar value of fine

AOD for Tripoli is only 16% larger than the value of coarse AOD, the RR&tributed

to fine aerosols is 26.7% smaller than the one attributed to coarse aerosols indicating the
non linear dependence of aerosaliative on their optical properties s. The results are
similar for the rest of the sites.

4., CONCLUSIONS

The use of climatological AOD patterns for fine and coarse size aerosol modes in
combination with information on the vertical distribution from glolabdeling has
allowed the examination of the vertical profiling of aerosol loadings in the atmosphere of
the Mediterranean basin and above three selected sites which are representative of specific
aerosol regimes. For all sites, aerosols rise higher upeiattmosphere during spring and
summer, because of the increased convection and mixing depth of the boundary layer.
However, there are encountered significant spatial and seasonal differences in the vertical
distribution of AOD, which highlight the impomae of consideration of the vertical
profiling of aerosol optical properties. Coarse aerosols are found to affect more than fine
ones the amounts of solar radiation that are either absorbed in the atmosphere or reaching
the surface of the region. Thus, theea of Tripoli, which has the largest coarse mode
aerosol load, undergoes a strong surface radiative cooling of 26 (¢mtributed by 58
and 42 % by coarse and fine aerosols, respectively). The obtained results prove that the
different modes of aerosohave a different impact on the radiation budget. In addition,
the differences in vertical distribution of aerosols and their relative position to clouds
could also be another factor that partly explains differences in the calculated DRE from
site to site The present study is planned to include further detailed information on the
altitude of aerosols and clouds, using recent satellite products like those of CALIPSO
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TABLE 1. Selected sites and results of the analysis for each site and type of aerosol. The

numbers are values of aerosol optical depth (no units) fowisildle wavelength&t 550 nm)
while vdues in parentheses provide the fractions of total AOD contributed by fine and coarse
aerosols. Seasonal and annual values are averages of the corresponding monthly values.

Cities

Barcelona

Thessaloniki

Tripoli

Coordinates

41A 246N

40A 37BNO

32A 526N,

Maritime and

Type of aerosol Pollutants Desert dust
pollutants

TOTAL 0.10 0.16 0.15
WINTER FINE 0.06 (60%) 0.10 (63%) 0.07 (47%)
COARSE 0.04 (40%) 0.06 (37%) 0.08 (53%)

TOTAL 0.20 0.32 0.42
SPRING FINE 0.12 (60%) 0.20 (63%) 0.16 (38%)
COARSE 0.08 (40%) 0.12 (37%) 0.26 (62%)

Aerosol TOTAL 0.23 0.31 0.37

Optical SUMMER

Depth FINE 0.14 (61%) 0.23 (74%) 0.23 (62%)
COARSE 0.09 (39%) 0.08 (26%) 0.14 (38%)

TOTAL 0.14 0.25 0.30
AUTUMN FINE 0.08 (57%) 0.17 (6856) 0.12 (40%)
COARSE 0.06 (43%) 0.08 (32%) 0.18(60%)

TOTAL 0.17 0.26 0.31
ANNUAL FINE 0.10 (59%) 0.18 (69%) 0.18 (58%)
COARSE 0.07 (41%) 0.08 (31%) 0.16 (42%)
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THE METEOROLOGICAL RADIATION M ODEL: ESTIMATION OF THE
GLOBAL SOLAR RADIATI ON UNDER CLEAR -SKY CONDITIONS

PsiLoGLOU B. AND KAMBEZIDIS H.

Atmospheric Research Team, Institute for Environmental Research and
Sustainable Development, National Observatory of Athens, Greece

ABSTRACT

¢ h Atmospheric Research TedART) at theNational Observatory of Ather{SlOA) developed the
MRM (Meteorological Radiation Modelproadband codéor the estimation of hourly values of solar
radiation on a horizontal plan&he goal of the MRMs to derivesolar radiation data at places where
these are not available. To do that the implementation of the more widgilgble meteorological data
(viz. air temperature, relative humidity, barometric pressure and sunshine duration) in the algorithm has
been cosidered. In this paper, th& ersion of the MRM is presented:; its performance on cloudless days
is examined by comparing its results against solar radiation data from three different locations; Greece
(Athens), Spain (Almeria) and Moldova (Kishinev).
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1. INTRODUCTION

The demand of exact knowledge about the availability of solar energy at different
| ocations on the earthdés surface has been i
the most promising renewable energy sources. Solar data, on the other hand, are
nowadays used in diverse disciplines, including climatology, rmoeteorology,
biology, agriculture, glaciology, urban planning, architecture, mechanical and
environmental engineering. The design of many solar conversion devices, such as
thermal appliancegequires the knowledge of solar radiation availability on horizontal
as well as sloped surfaces. Also, the estimation of solar radiation on inclined surfaces
starts with the determination of its corresponding values on horizontal plane.

It is well known that the number of the existing solar radiation stations is not
adequately large throughout the world. On the other hand;tésnyg solar radiation
measurements are needed by scientists and-awdagy system designers for various
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applications. Nevertheds, because of the ample lack of such data worldwide, most of
the above applications must primarily rely on simulation techniques.

In the context of the above, various solar radiation models (mostly broadband) have
started being developed since the midufiche 2¢" century to calculate solar radiation
components on horizontal surface, under etdgrconditions mostly.

The Atmospheric Research Team (ART) at the National Observatory of Athens
(NOA) has developed the smlled Meteorological Radiation Modebr MRM in
brevity (Kambezidis and Papanikolaou, 1989; 1990; Kambezidis et al., 1993;
Kambezidis et al., 1997). The initiative of this development was to derive solar
radiation data for places where these are not available because of lack of such
measurerants. To do that, the MRM employed meteorological data only (viz. air
temperature, relative humidity, barometric pressure and sunshine duration) that are
available worldwide.

The original form of MRM (MRM v1) worked efficiently under clesky
conditions, but it could not work under partgloudy or overcast skies. MRM v2
introduced new analytical transmittance equations and, therefore, became more efficient
than its predecessor. MRM v3 was included in a book edited by Muneer (1997).
Through t he |Bfjectd Climatic Bynthetic Time Series for the
Mediterranean Belt(acronym: CliMed), a further development of the MRM was
achieved, which is referred to as version four (MRM v4), providing further
improvement in relation with the partbfoudy and ovecast skies. On the other hand,
Gueymard (2003), in an intepmparison study employing various broadband models,
used MRM v4 and found it not to be performing well in relation to others. These tests
forced ART to reconsider the source code of MRM. Therefiesulted in discovering
further errors in the transmittance and solar geometry functions. Therefore, there was
derived MRM V5. Also the recent solar constant of 1368rh™ was incorporated in
version 5.

It must be emphasized that MRM is capable irfqraring calculations in various
time steps, i.e., from one hour to one minute. The time step is dictated by the
availability of the meteorological input data. The majority of them are provided on
hourly basis. Nevertheless, there are stations renderingadaverage values less than
hourly, e.g., Eminute or *minute values. On the other hand, the measured sunshine
duration, another input parameter to MRM, is usually given as either a total daily or an
hourly value.

The objective of this study i ttestthe performance of the MRM v5 for the
prediction of global irradiance under clesky conditions and time intervals of 1 hour.
This is done by comparing the MRM simulations with real global solar radiation values
from three different locations; Athens (87° N, 23.72 E, 107 m a.m.s.l.) in Greece,
Almeria (36.88 N, 2.4 W, 20 m a.m.s.l) in Spain and Kishinev (47.00 28.82 E,

205 m a.m.s.l.) in Moldova.

2. MODEL DESCRIPTION

Only a short description of the newly developed MRM, version 5 is prowid#dds
section. A detailed description is given in Psiloglou and Kambezidis (2007).
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2.1. Transmittance functions
The general transmittance function, fbr seven atmospheric gases@1 Gs;, CO,,
CO, NO, CH, and Q) is (Psiloglou et al., 1994; 1995E996; 2000):

Ti=1i {Aml;i/[A+Bm)°+Dmli} (1)
where | is the vertical column for each of the gases and A, B, C, fficeats. The
values of the coefficients are given in Table 1.

TABLE 1. Values of the coefficients A, B, C and D,Euqj. (1).

Gas A B C D

H,O 3.0140 119.300 0.6440 5.8140
O, 0.2554 6107.26 0.2040 0.4710
CO, 0.7210 377.890 0.5855 3.1709
CcoO 0.0062 243.670 0.4246 1.7222
N,O 0.0326 107.413 0.5501 0.9093
CH, 0.0192 166.095 0.4221 0.7186
0O, 0.0003 476.934 0.4892 0.1261

The transnttance function for the mixed gasesgTis given by:

Tmg= Tco2Tco Tn2o TeHa Toz (2)
where all TFharsd sidenof Bg.h(2) are thegtramsmittance functions of the
specific gases; the values of the correspondidig | h a v e sideredeto be 380n
0.075, 0.28, 1.6 and 2.095x18tm-cm, respectively for the gases shown in Eq. (2)
(Psloglou et al., 1995a; 2000; Psiloglou and Kambezidis, 2007).
The Rayleigh scattering transmittance function is given by the expression proposed
by Psloglou et al. (1995b):

T, = exp[0.1128 m°**%(0.9341i m'*****+0.9391 m')] (3)
The Mie scattering transmittance function is given by Yang et al. (2001):

Ta= expf-mb [0.6777 + 0.1464 rb i 0.00626 (nmb)?] ™3 (4)
wher e t he | nityparamétard s in the rafge @.06.4 for lowto-high
aerosol conagrations. Some indicative valueslofire given in Igbal (1983).
I f the jngstr°mbébs turbidity parameter
estimated from the following expressg which relaté to the geographical latide,j ,
and the altitude of the station, H (Yang et al., 2001). These expressions are:

b=b'+Db (5a)
b' = (0.025 + 0.1 cg9 exp(0.7 H /1000) (5b)
Db =° (0.02 ~ 0.06) (5¢)

whereb' represents the annuakan value of the turbidity arigb the sasonal deviation
from the mean, i.e., low values in winter, high values in summer.
The aerosol absorption functiony,Tis (Bird and Hulstrom 1980, 1981a, 1981b):

Taa= 17 0.1 (17 m+ % (11 Ty (6)
The expression for the aerosol scatterings 1s:
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Tas= TdTaa (7)
The parametem' is the pressureorrected air mass, which is estimated by the
expression:

m'=m(P/R) (8)
where P is the atmospheric pr esl8l8.25dPaat t he
is the mean atmospheric pressure at sea level.
The optical air massn, given by Kasten and Young (1989), has been used here
only for ozone, water vapor and aerosols, whengas used for the Rayleigh scattering
and mixedgases absorption.

2.2. Solar irradiance for clear sky

From Bird and Hulstrom (1981b), the dirdmtam radiation §) on an horizontal
surface is estimated through the following equation:

Ib=lexCOSY, Ta Ty To Tw ng (9)
where Ly is the normal incidence exttarrestrid solar radiation on thej4th day of the
year . During the eart haiesmppoematelynhiy3.58% ound t |

of its value at the equinoxes.
As for calculating the diffuse radiationy)l this is taken by the relevant expressions
developedby Atwater and Brown (1974) (see also Psiloglou et al. 2000):

Ids = Iex COQZ TaaTo TW ng 05 (ll TasTr) (108)
lam=(b+1lad [ g af (1T ¢ 4] (10b)
lg=lgs+ ldm (1OC)

where }s is the circumsolar diffuse radiation produced by a shsghtering mode of
molecules and aerosols, angh, the diffuse component reflected by the ground and
backscattered by the atmosphere, and:

a =0.0685+0.16 L 4169 (12)
whereT a1 gsimplies the value oflT, at m=1.66 (0g,=53).
The global horizotal irradiance () is then given (Psiloglou et al. 2000):

lg= o+ Ig (12)

3. RESULTS AND DISCUSSION

In order to evaluate the performance of the version 5 of the MRM algorithm under
clearsky conditions, dhour mean global and diffuse horizontalasarradiance data (in
Wm?) for three sites were used, i.e. for NOA (period: 20087), Athens; Almeria
(period: 19901995), and Kishinev (period: 20@D06), together with concurrent values
of dry-bulb temperature, relative humidity, sunshine duratom, atmospheric pressure
at the stationds height. The diffuse irrad
described below.
To establish a valid set of measurements for the validation of the MRM code, the
1-hour mean global and diffuse horizahirradiance values were thoroughly tested for

257 28/5/2010, PATRAS, GREECE 87¢



10u COMECAP 2010, 1 &y ttc|lyFe 3 1 6 10th COMECAP 2010, CONFERENCE PROCEEDINGS

errors. A routine qualitgontrol procedure was applied following the criteria set by the
Daylight Research Group (1993) of the European Commission; all erroneous data were
excluded. The quality tests screenout all (i) diffuse horizontal values greater than
110% of the corresponding global horizontal ones; (ii) global horizontal values greater
than 120% of the seasonaliprrect solar constant; (iii) diffuse horizontal values greater
than 80% of the seasalhy-correct solar constant; (iv) global horizontal values equal to
orlessthan5Wifi during sunrise and sunset, due tc¢
data for solar altitude less than 5 degrees; and (vi) data with the-ligeTt solar
component (btained from global and diffuse measurements) exceeding the
extraterrestrial solar irradiance value.

Finally, visual inspection of the daily courses of théolr global and diffuse
irradiances was performed to discard the total or paltlydy daysFromthe available
data, only the Aclearo or al most #Acl ear da)
the validation ofthemodeA day was characterized as ndcl e
duration (n) was greater than the 90% of the maximum (asticaraunshine duration
(N) of that day. For this suiataset the MRM ran using its clesky routine.This was
achieved by equating the daily sunshineations to the theoretical ones at the site and
using these values in the input data file.

After applying the qualitycontrol tests, the valid sets consisted of 4545, 5716 and
1351 thour data points for Athens (Greece), Almeria (Spain) and Kishinev (Moldova),
respectively.

For the ozone total column daily values (in DUatmem = 1 DU3 10°) from
TOMS satellite for Athens (Greece), Murcia (Spain, 36.88 2.41 W) and Odessa
(Ukraine, 46.48N, 30.36 E) were used covering the period between July 1996 and
December 2005. The areas of Murcia and Odessa we@es] as the closest sites to
Almeria and Kisinev, respectively, with available TOMS ozone total column data for
the MRM validation. The average total ozone column for the whole experimental period
was found to be equal to 319.35 DU for Athens, 313.01 DU for Murcia and 331.26 DU
for Odessa.

The RootMean Square Error (RMSE) and the Mean Bias Error (MBE), both
expressed in percent of the measured mean values, were used as indicators for the MRM
performance, i.e.:

RMSE (in %) = {5 (Igm- 140%/ N] -/ (S Igm/ N)} 3 100 (13)

MBE (in %) = {[S (Igm- lgc) / N] / (S Igm/ N)} * 100 (14)
where }, and | are measured and moedtimated values of globaddiation, N is the
number of hourly data points during the examined period and the summation is
performed N times.

The RSME and MBE results, in perg of the measured mean values, for the global
horizontal radiation components along with its mean measutadss/are given in Table
2.

From Table 2 it is easily seen that the MBE (%), a measure of the overestimation or
underestimation of the computedwes with respect to the mgaied ones, lies between
-3.4% and-2.6% for the global component on the cleky days for the three sites
consideredwhich is an indication of slight MRM overestimatiorhe bias of the global
horizontal radiation is in totiyl acceptable limits for energyriented @plications and
stands on firm grounds even for research studies, wherever only this component is of
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importance. Also, the RMSE (%) estimator, a measure of the power contained in the
estimated values in excess that possessed by the real ones, lies between 5.7% and
6.2% for the global component on the clsky days for the three site§aking into
account the detailed time step of the MRM estimations (one hour), the above low
RMSE and MBE values are quite indiwvat of the good performance of the MRM v5
model.

TABLE 2. RMSEs and MBEs (in %) for the MRivhodeled hourly global horizontal
radiation component together with its mean measured value for each experimenihesite
brackets in the RMSE and MBE columnsigate the values expressed in WirnThe available
1-hour data points (M) are also given for each location.

| ﬁ;ﬁlrlzglg i sa(M) Mean global_;adiation RMSE MBE
Location (Wm™) (%, Wm?) (%, Wm?)
Athens 4545 549.8 5.7 (31.6) -2.9 (16.1)
Almeria 5716 509.0 6.0 (30.5) -2.6 (13.4)
Kishinev 1359 499.6 6.2 (31.0) -3.4 (17.0)

T T 1
ATHENS - GREECE
1000
Y =0.96021 X + 37.933

4 RZ2=0.9916

800 o

600

400

ESTIMATED GLOBAL RADIATION (Wm?)

200 o

0 T T T T T T T T T T
0 200 400 600 800 1000

MEASURED GLOBAL RADIATION (Wm)

FIGURE 1. Estimated vs. measured values of hourly global solar radiation on haorizontal surface
for Athens, Greece, for all clear days in the period 2B0@. The besfit equation (solid line),

the determination coefficient valu&yj and the number of available datd)(are also given.

The y=x (dashed) line shows the ideal case of complete agreement between estimated and
measured values.

Figures 12 presenthe estimated vs. measured values of the global radiation on
A cl e arltisceasyyseen that in all three cases tHedr data points are along the
y=x line with minimum dispersion around it. The slope of the linear-fiestrves is
the same (beteen 0.96 and 1.02) as well as the coefficient of determination (about
0.99) in all three cases. This is a salident feature of the efficiency of the MRM.v5
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FIGURE 2. As in Fig. 1, but for Almeria, Spain, in the period 1995, and for Kishinev,
Moldova, in the period 2002006.

4. CONCLUSIONS

The MRM v5 model is able to estimate solar irradiation values from most
commonlyavailable meteorological parameters, viz. barometric pressurajveel
humidity, ambient air temperature and sunshinatfitum. The code incorporated recent
expressions for the transmittance, solar geometry, air mass, gagtiabsand aerosol
scattering optical depths and new equations derived by ART for the total ozone column,
the aerosol transmittance and other gases.

MRM v5 was tested with datasets from three different locations in Europe (Athens,
Almeria, and Kishinev). Errors were about 6 % and an overestimation of almost 3 %
was found for all three sites. The overestimation could be due to the presence of thin
clouds, leading to the experimental measurements to present lower values than the
corresponding estimates. In any case, the results proved that MRM is a reliable
broadband solar code capable of handling simulations for various applicatioms. T
MRM can be used astool to fill solar radiation data gaps in a series ofsmneanents,
and can also become extremely useful in the generation of a Solar Atlas.
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REGRESSION EQUATION OF ATMOSPHERIC OPTICA L THICKNESS WITH
PRECIPITABLE WATER DE PTH AND RELATIVE ATM OSPHERIC MASS (PARTII )

A.S.RAPTI, H. P. PANTISKA, M. D. PANAGIOTOPOULOU
Atmospheric Physics Laboratory, University of Patras 26 500, Greece

ABSTRACT

The threeyear time series of atmospheric optical thickness are being derived, using Beuguer
Lambertods e qruraadioannc ewimehasiur ement s at constant
Simultaneous data of the wind direction and precipitable water depth are being used for the correlation of
the atmospheric optical thickness with precipitable water depth, during théegmes/af continental and
of maritime air masses. The time series of the simultaneous values of atmospheric optical thickness and of
precipitable water depth show the same annual variation with a summer maximum and a winter
minimum. The regression analysisatmospheric optical thickness with precipitable water depth is being
made on the occurrences of continental and, separately, of maritime air masses. Two families of
regression curves of the atmospheric optical thickness with precipitable water depéingrebtained,
one family of curves for continental and one for maritime air masses. The aim of this work is, firstly, the
explanation of the physical phenomenon of intense solar irradiance during sordeyoeidter days, and
of weak irradiance duringome warm, dudaden summer days, and secondly, the computation of
atmospherioptical thickness from the derived regression equation by means of simple atmospheric data.

Keywords: atmospheric optical thickness, precipitable water
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1. EINTRODUCTION

The atmospheric optical thickness increases with the increase of the atmospheric
comprehensiveness in water vapor and aerosols. Precipitable water depths obtained
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from Leckner 6 whidhis®asel on tliesurfata dtraospheric parameters,

have been used by Vaxelaire et al. (1991) in order to determine the influence of the

water vapor and aerosols on the atmospheric optical properties. Values of the
precipitable water depth can be caltethusing the relation, produced by Gueymard

(1994), between the mean monthly precipitable water depth and absolute humidity

(g/m°), using the water vapor mixing ratio (g/kg) from radiosonde data by Manzato

(2003), and using the correlation of the preeigit| e wat er depth w (cm),
radiosonde data, with the air specific humidity (g/kg) by Rapti (2005).

A wide range of aerosol optical thickness occurs for the precipitable water depth
range of 46 cm, and this may be the result of the influenmfeygroscopic growth of
aerosols (Eck et al., 2001). The aerosol size influences the atmospheric optical thickness
(Tan®et al., 2001; Dubovik et al., 2002), and the aerosols effects on the UV radiation
are very crucial both for health and for the phbtical activity (Zerefos et al., 2002).

De Tomasi and Perrone (2003) have found that the aerosols advected over Lecce from
northeastern Europe uptake water, thus affecting their size significantly, and that
maritime aerosols are transported at Leccenbyair masses from the Atlantic Ocean.

In the present work the atmospheric optical thickness data are being regressed on
the precipitable water depth simultaneous data during the prevalence of continental air
mass and separately of maritime air mass, eglistinction of the continental air mass
optical thickness from the maritime air mass optical thickness has been made by Rapti
(2000). The effect of the relative atmospheric mass, m, on the variation of the
atmospheric optical thickness with precipitaltater depth is being researched with
solar data at constant solar elevation angles (s. e. a.) i.e. at constant values of relative
atmospheric mass, m,i.e. m=2.92(s.e. 9,20=2.0(s.e.a. =) m =156 (s. e. a.
=40), m=131(s.e.a.=8)m =1.15(s. e. a. = Qand m =1.06 (s. e. a. =%0

2. DATA

In this work are being used values of the direct irradiance intensity at the solar
el evation angles 20A, 30A, 40A, 59ear, 60A a
measurementperiod and simultaneous values of the precipitable water depth. Using
measurements of direct irradiance intensity at constant solar elevations we ensure
constant irradiation intensity at the top of the atmosphere transmitted through constant
atmospheric ath length for every solar elevation angle, i.e. for constant relative
atmospheric mass. The precipitable water depth values are being calculated from the
correlation bet ween t he precipitable wat
measurements of the lowatmosphere and the air specific humidity. The simultaneous
values of the atmospheric optical thickness and precipitable water depth were seperated
in two data sets, one for the continental @astheastern winds and another for the
maritime westsouthwestrn winds (Rapti, 2000). Table 1 presents the number of the
simultaneous values of the atmospheric optical thickness and precipitable water depth at
constant solar elevations, during the prevalence of continental and maritime air masses.

It is elucidated hat due to the latitude of the location, the sun elevates to 20
during all the days yearly, 3@uring the days between January 10 and December 12,
40 between February 22 and October 20, Bétween March 17 and September 27,
60 between April 12 and Segmber 1, and 7thetween May 14 and July 31.
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TABLE 1. Number oftheatmosphericad solar measurements, at eaelectedsolar elevation

duringthe prevalence of continental and maritime air masses.

Solar elevation angle 20 30 40 50 60 70
Continental air mass 257 293 193 134 69 58
Maritime air mass 324 432 238 153 78 67

3. ANALYSIS

3.1 Atmospheric optical thickness dependence on the precipitable water depth.

Values of the atmospheric optical thicknesgm), which is dependent on the
relative atmospheric mass, m, can be determined using Bougaerhb er t 6 s expone .
extinction law on the direct irradiance intensityhy means of the expression:

o ~2 y
|:|02e%08 ¢ L (M @
where § = 1380 w/nf denotes the solar beam irradiation intensity on the top of the
atmosphere in the meang,Rsunearth distance, R is the searth distance at the
measurement day and m=1/dpgd<8(), is the relative atmospheric mass, which
indicates the atmospheric path length of the solar beam propagation.

The aerosol optical thickness is the most variable component of the atmospheric
optical thicknesslJ(m), due to the aerosols type j.#.they are absorbent continental
dust particles or, soluble maritime aerosols. The correlation of the atmospheric optical
thickness with the precipitable water depth is being done here during the prevalence of
continental air mass including dusts anpasately of maritime including sesalts.

Figure 1 shows the annual variation of the mean monthly atmospheric optical
thickness (1a) and precipitable water depth (1b). From Figs. 1a, 1b it is evident that the
atmospheric optical thickness and the predipiavater depth present the same annual
variation with a summer maximum and a winter minimum (Rapti, 2000 and 2002).

(a) (b)

1234567 89101112 123456 789101112

0.45 Q
5 5
o 04 0 =
I E 4 4
S =
035 0 3 3

1234567 89101112 12345678 9101112
month month
FIGURE 1. Annual variatim of the mean monthlga) atmospheric optical thicknesg(m=2),
and(b) precipitable water depth, w (cm), with a winter minimum and a summer maximum.

3.2 Atmospheric optical thickness of continental and maritime aerosols
From Fig. 1la it can be seen that nearly maximum atmospheric optical thickness

has beembserved in the month of September. The prevailing winds in September,
during the measurements time period, were the continentah@dlseastern winds.
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Probably, the peak in September (Fig. 1a) is due to absorbent continental dust particles
(Rapti, 2000)in association with the heavy water vapor content in summer (Fig. 1b).
So, the atmospheric optical thickness data points for m=2 are being separated in two
data sets, one for the continental and another for the maritime air masses.

Figure 2 shows the the year time series of the atmospheric optical thickngss,
(m=2), during the prevalence of continental air mass (Fig. 2a), carried by the continental
eastnortheastern winds, from the eastrtheastern Europe and during the prevalence of
maritime air masgFig. 2b), carried by the maritime westuthwestern winds, from the
Atlantic Ocean. From Fig. 2a it is evident that the atmospheric optical thickness
minimum and maximum are observed with continental air mass. From Fig. 2b it can be
seen that the maritienair mass optical thickness takes intermediate values, between the
continental air mass optical thickness minimum in winter and maximum in summer.

(a)

200 400 600 800 100t

(b)

0.6‘ 0.6

0.5¢ -, "t 3 0.5 .

0.4 o 7 .‘5"_. 3'-5 0.4M o LI .-"-L'L-u : s
N ) u.‘L o S e : 'g. . I RtL A s '-,'r‘"-'-“" ) ®is *;,5"”
I 0.3l ¢l < it (PO - ! - .
E . K Y 31 0.3
i) 0.2 0.2

0.1 0.1

200 400 600 800 100C

day of measurement _
FIGURE 2. Seasonal variation of thetmosphericoptical thickness, U (m=2), with the
measurement dafor (a) continental and (b) maritime air masses

Continental dust particles in the warm and humid atmosphere in summer turn in
wet growing dusts, due to their hygroscopic insoluble matter. So, the dust scattering
process of irradiation by the growing dusts increases in summeisafieerystals
consist 6 soluble matter, and in moisture laden atmospheric air in summer they are
being dissolved in dilute water ssalt solutions. So, the sunlight scattering on the sea
salt crystals in the dry atmospheric environment in winter, turns to sunlight absorption
by the dissolved maritime aerosols and water vapors in summer.

Figure 3 shows the correlation of the atmospheric optical thickikas=1.31),
with the precipitable water depth, w (cm), simultaneous data, during the prevalence of
continental (Fig. 3a) anaharitime (Fig. 3b) air masses. Figure 3c shows the dependence
of the atmospheric optical thickned$(m=1.31), on the precipitable water depth, w
(cm), for the continental (dotted line), and for the maritime (solid line) air masses.

From Fig. 3c it can beeen that the continental dust optical thickness increases in
the precipitable water depth high region in summer. This can be attributed to the wet
dust particles sunlight scattering, which is the main attenuation process of the direct
irradiance in the wrm and wet summer season. The maritime aerosols optical thickness
in the precipitable water depth low region in winter is higher than that of the continental
aerosol, because of the dry sunlight scattering on the marine aerosol. IndeedsHie sea
crystls are giant particles with dry radidgslrem, while the dry dust particles are large
particles with dry radius, r, in the region: GMi¢ r ¢1 em. So, in winter the dry
sunlight scattering on the sealts dominates against the scattering by the dgdus
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FIGURE 3. Atmosphericoptical thicknesdJ(m=1.31), at solar elevatiob0 , regressean the
precipitable water depth w (crs)multaneous data, f@¢a) continental andb) maritime aeosol.
(c) Regression curves for continental (dotted line) and maritime (sol)dai@mesol.

3.3 The influence & relative atmospheric mass on the atmospheric optical
thickness

As the relative atmospheric mass decreases the maximum of the direct irradiance
intensity shifts to the shorter wavelengths, in the visible of the solar spectrum, which are
being absorbed anscattered by the atmospheric constituents and aerosols in a major
extent than the longer wavelengths, i.e. the atmospheric optical thickness increases. By
means of the experimental data of precipitable water depth and atmospheric optical
thickness for dferent values of relative atmospheric mass, it is possible to determine
the increase of the atmospheric optical thickness with the decrease of the relative
atmospheric mass. Figures 4 and 5 show the correlation of the atmospheric optical
thicknessU(m=1.15) andJ(m=1.06), i.e. at solar elevations’&nd 70, respectively,
with the precipitable water depth w (cm) simultaneous data, during the prevalence of
continental (4a, 5a) and maritime (4b, 5b) air masses. From the curves shown in Figs. 3
(m=131), 4 (m=1.15), and 5 (m=1.06), it can be seen that the decrease of the relative
atmospheric mass, m, results in increase of the atmospheric optical thi¢kness,

(a) (b)

1.2 1.2

1 . 1

a 0.8 C s 0.8
I 0 GW 0.6 .
IS ! * ' ' oo,

S 0.4 0.4

0.2 0.2
2 4 6 2 4 6

w (cm)

FIGURE 4. Atmosphericoptical thicknes$J(m=1.15), at solar elevatiod0 , regressed on the
precipitable water depth w (cradmultaneos data, foa) continental andb) maritime aerosol.

Also, from Figs. 4a, 5a it can be seen that in high solar elevations and precipitable
water depths in summer, the continental dust optical thickness in summer is higher than
the maritime aerosol opticthickness (Figs. 4b, 5b). This can be attributed to the wet
dust sunlight scattering, which is stronger attenuation process of irradiance than that due
to the dissolved sesalts and water vapors absorption. From Fig. 5a, (m=1.06), it can be
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seen that th highest atmospheric optical thickness appears during the prevalence of
continental air mass in the precipitable water depth summer maximum.

(@) (b)

1.2 1.2
g . - L
o 0.8 o et 0.8
é 06/W 0.6 . A o
> 0.4 0.4

0.2 0.2

2 4 6 2 4 6
w (cm)

FIGURE 5. Atmosphericoptical thicknessJ(m=1.06) at solar elevatioif0, regressed on the
precipitable water depth w (cre)multaneous data, f¢a) continental angb) maritime aerosol

Figure 6 shows the two families of the regression curves, which present the
atmospheric optical thickne§{m) dependence on the precipitable water depth w (cm)
and relative atmospheric mass, with one family of curves for continental (dotted line)
and one family of curves for maritime (solid line) air masses, with the upper curve
corresponding to relative rabspheric mass m=1.06 and the following curves
corresponding to m=1.15, 1.31, 1.56, 2.0, 2.92. From Fig. 6 it can be seen that the wet
dust particles optical thickness maximum is observed with precipitable water depth
summer maximum, in the nearly lowestlve of relative atmospheric mass m=1.06,
which corresponds to the nearly highest solar elevation angle i@dOsummer.
Atmospheric optical thickness maximum means that the direct irradiance intensity,
(W/m?), is very weak. This is why in some warm, wet atust turbid summer days,
even when it is noon, we observe that @Athe
Also, from Fig. 6 it is evident that the atmospheric optical thickness minimum is
observed during the prevalence of continental air mass, in the precipitatiele depth
winter minimum and in high relative atmospheric mass, m, i.e. in low solar elevation.
Atmospheric optical thickness minimum means that the direct irradiance intensity,
(W/m?), on the surface remains strong. This is why in some clear andigoWinter
days we observe that fAthe sunrays are very
the dry dust optical thickness is being minimized, taking the valué.9,the dry dust
sunlight scattering is very weak, resulting to the intense diradiance on the surface.

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

U(m)

w (cm)
FIGURE 6. The amosphericoptical thicknes$J(m) dependence on the precipitable water depth
w (cm), during the prevalence of continental (dotted line) and of maritime (soljcaénesol.
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TheU(m) dependence on w (cm), presented by the regression curves shown in Fig. 6, is:
£ (m) = £ gy (M) + a(m) v (™) 2)
where Qn(m) is the dry atmospheric optical thickness, which is dependant on the
relative atmospheric mass m, w (cm) is the precipitable water depth in cm, and a(m),
c(m), denote the coefficient and exponent of precipitable water depth, respectively. The
dependence of) (m) on the relative atmospheric mass, m, shows that the direct
irradiance intensity maximum shifts to shorter wavelengths in the visible solar spectrum
asthe relative atmospheric mass decreases and to longer wavelengths as the relative
atmospheric mass increases. Table 2 present&hhen, and ¢ values of the (m)
dependence on w (cm) during the prevalence of continental and maritime air masses.

TABLE 2. The dry atmospheric optical thickneds,(m), the relative atmospheric mass, m,
dependant coefficient, a(m) and the exponent, c(m), of the precipitable water depth, w (cm), in
the regression equation of atmospheric optical thicknéss), with precpitable water depth, w

(cm).

continental air mass maritime air mass
solar height m Gy (M) a(m) c(m) Gy (M) a(m) C(m)
20 2.92 0.170 0.065 0.75 0.215 0.051 0.80
30 2.00 0.220 0.074 0.75 0.245 0.056 0.60
40 1.56 0.332 0.063 0.75 0.342 0.045 0.60
50 1.31 0.394 0.069 0.75 0.415 0.052 0.55
60 1.15 0.479 0.063 0.75 0.482 0.035 0.45
70 1.06 0.481 0.058 0.75 0.520 0.035 0.45

4. CONCLUSIONS

In this work is being studied the physical phenomenon of intense direct irradiance
during some coldiry winter days and of weak irradiance during some wet-tlwbtd
summer days, by means of the atmospheric optical thickness dependence on the
precipitable water depth and air mass type. The precipitable water depth, along with the
water vapor absorption, ieesponsible for the aerosol wetting and increase of the
continental particle size and in dissolution of maritime aerosols.

The atmospheric optical thickness and precipitable water depth simultaneous data
show the same annual variation with a summer maxiraad a winter minimum. The
regression analysis of the atmospheric optical thickness, at constant values of the
relative atmospheric mass, on the precipitable water depth is being made during the
prevalence of continental and, separately, of maritime agses. This method leads to
two families of regression curves of atmospheric optical thickness with precipitable
water depth, one family of curves for continental air mass and another for maritime.

In wet atmosphere in summer during the prevalence ofremtal air mass the
wet dust optical thickness is nearly in the highest values @.B, resulting in weak
direct irradiance some warm and dustid summer days. This demonstrates that the
scattering of the shorter wavelengths in the visible regiomlaf spectrum by the wet
dusts is the main extinction process of direct irradiance.
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In the precipitable water depth winter minimum and low solar elevations the
atmospheric optical thickness decreases, mainly during the prevalence irycold
winter contin@tal air mass in the lowest values D.Q.2, resulting in intense irradiance.

The maritime air masses optical thickness takes intermediate values between the
cold-dry air mass optical thickness minimum and the wet dust optical thickness summer
maximum. So in winter dry atmospheric environment the maritime aerosol optical
thickness is about 0.8.4, and in summer wet atmospheric environment abolit 0.6.

REFERENCES

De Tomasi FandPerroneM. R., 2003: Lidar measurements of tropospheric watpowaand aerosol
profiles over southeastern Italjournal of GeophyicaRegarch 108, No. 3, 4286.

Dubovik O, HolbenB., Eck T., Smirnov A., KaufmanY., King M., Tan®D. and Slutskerl., 2002:
Variability of Absorption and Optical Properties ok Aerosol Types Observed in Worldwide
Locations.Journal of Atmopheric Séences, 59, 3, 596608.

Eck, T, HolbenB., Dubovik O., SmirnovA., Slutskerl., LobertJ. andRamanatha., 2001: Column
integrated aerosol optical properties over the Malvilegng the northeast monsoon for 192@00.
Journal of GeophyicaRe®arch, 106, No. D22, 285538566.

Gueymard Christian, 1994: Analysis of monthly averaged atmospheric precipitable water and turbidity in
Canada and Northern United Stat&nlar Energy53, 1, 5771.

Leckner B., 1978: The spectral di s ¢élemertswotainmdel. of sol a
Solar Energy 20, 143150.

Manzato Agostino, 2003: A climatology of instability indices derived from Friuli Venezia Giulia
soundngs, using three different methodémospheric Research7-68, 417454,

Rapti A. S., 2000:Atmospheric transparency, atmospheric turbidity and climatic param&etar
Energy 69, No. 2, 99111.

Rapti A. S., 2000: Correlation equation of atmospheriticgh thickness with precipitable water depth.
Proceedings of'BInternational Conference of Meteorolo@jimatology and Atmospheric Physics,
Thessaloniki, 52:628.

Rapti A. S., 2002: Exercises in the Atmospheric Physics Laboratory of the Universitatrals,P
Department of Physics, University of Patras, Greece (a textbook in Greek language).

Rapti A.S., 2005:Spectral optical atmospheric thickness dependence on the specific humidity in the
presence of continental and maritime air mas&gsospheric Bsearch 78, 1332.

T a n r,®aufmanY., HolbenB., ChateneB., Karnieli A., LavenuF., Blarel L., Dubovik O., RemerL.
and SmirnovA., 2001: Climatology of dust aerosol size distribution and optical properties derived
from remotely sensed data in th@las spectrumJournal of GeophyicaRegarch,106, No. D16,
18,20518,217.

Vaxelaire P,.Leveaud.,MenguyG. andBaldy S., 1991:Grounedevel spectral distribution of solar direct
normal irradiance and marine aerosol attenuation coefficients at Relstdad.Solar Energy 47,

3, 189196.

Zerefos C., Kourtidis K., Melas D., Balis D., Zanis P., Mantis H., Repapis C., Isaksen I., Sundet J.,
Herman J., Bhartia P. and Calpini B., 2002: Photochemical activity and solar ultraviolet radiation
modulation fators (PAUR): an overview of the projedournal of GeophyicaRe®arch 107, No.

D18, 8134.

257 28/5/2010, PATRAS, GREECE 88¢



10u COMECAP 2010, 1 &y ttc|lyFe 3 1 6 10th COMECAP 2010, CONFERENCE PROCEEDINGS

AIR POLLUTION AND NOI SE IN THE EASTERN ATTICA REGION DUE TO T HE
OPERATION OF ATHENS INTERNATIONAL AIRPOR T AND HIGH -TRAFFIC
MOTORWAYS
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! Institute for Environmental Research and Sustainable Development,
National Observatory of Athens, Greece

ABSTRACT

The region of Eastern Attica provides a case study of special interest, due to itglbapidation in
recent years and the subsequent environmental degradation it has experienced. The construction of major
development projects, such as the New Athens International Airport and Attiki Odos (Athens Orbital
Highway) have provided easy accegsthe region, but at the same time have contributed towards the
deterioration of the atmospheric environment. The aim of the study is to measure air pollution and noise
levels in the wider region of Eastern Attica and to determine the main emission ssoressto enable
the development of suitable policies for the restriction of repercussions.

Air pollution measurements and the application of a dispersion model showed that the region faces
frequent exceedances with respect to certain pollutants, sudPMasnd ozone. Nitrogen oxides
concentrations were measured at critical levels and need to be controlled, while other air pollutants, at
present, were found at acceptable levels.

With regard to noise levels in the region, measurements in combinationneigke mapping
indicated a significant contribution of aircraft notsethe deterioration of the acoustic environment, with
frequent exceedances of key indicators in residential areas.
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1. INTRODUCTION

Exposure to air pollution and noige Eastern Atticaand particularly in the region
of Messogiais attributed to a number of sourc@$e increased road traffic that has
been observed in recent years and the exparsidhe road network in the region
(construction of Attiki Odos, expansion of Marathonos and Lavriou Avenugs leds
been the cause of increasing pollution incidents and significant noise annoyance.
Economic development was followed by the expansiorthef construction sector,
which is another significant noise source in the area, together with other economic
activities such as new industrial units, tourism and the operation of illegal quarries.
However, the predominant feature in the area of studyoardhat is highly associated
with the occurrence of atmospheric pollution and noise in its neighbouring areas is
Athens International Airport. More specifically, with regards to aircraft emissions, the
exhaust gases from the combustion of jet keroseméréraft engines contain nitrogen
oxides (NQ), hydrocarbons (HCs), carbon monoxide (CO), carbon dioxide,)(CO
sulphur oxides (S§ and particles (PM, PM,5). The quantities of pollutants emitted
depend on many factors, such as the flight stage (lantikgoff or taxiing), aircraft
and engine types, and aircraft weight. Moreover, aircraft noise which is caused by an
increasing number of domestic and international flights has stirred protests by local
authorities and r es ildretmetnasighboaisganurdcipalities ad n s , p a
Artemida, Rafina, Spata and Koropi.

Previous studies in theider region of Attica have shown that pollution levels are
generally lower for all pollutants except ozomempared to the capital regioas a
result d the following characteristics:

A The enclosed topography of the Attica basin restricts air circulation, and therefore
the dispersion of pollutants from central Athens to the surrounding areas.

A Prevailing northeastern and southwestern winds in the regivoyrf the dipersion
of locally produced pollution towards uninhabited areas (sea). Northern winds are
concise and contribute to the rapid dispersion via the Paiinithanettus opening
towards the Saronic Gulf.

A In the event of low or no concise flow, shatn winds result from local circulation
systems (sea breeze), which favour transport from central areas of the capital to
Attica, and the formation of high concentrations of secondary pollutants in the
northern sector of the basin. In the event of southmncise circulation, the
occurrence of local inversions is frequent, due to transport of warm air masses from
northern Africa.

2. DATA AND METHODOLOGY

Onsite measurements were performed using
for the main air pollutats B3, ? B, SQ, CH;, NMHC, CO,andPM;y), as well as for
various meteorological parameters (air temperature, relative humidity, pressure, wind
speed and direction). The measurements were carried sexeaidifferent siteswith a
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sampling time of atdast 9 daysat eachlocation, covering a -6honth period from
23/05/2008 to 8/12/2008Horiba automatic analysers were used for the detection of
gaseous pollutants in the air stream, and an automatic Eberline PM detector for
measuring suspended particle centrations.Primary data consisted of Binute
measurements, which were then used for the calculation of further statistics and metrics.

At the sametime, noise was monitoredat ten different locations around Athens
Airport during the period 23/5/2008 30/12/2008, usingportable Type | noise meters
(Bruel & Kjaer 2250 and 2250L, Casella GERO0.A1 analyses), which comply with
international and national standards for environmental noise monitoring. The equivalent
A-weighted sound level was recordeégdd; calculated every s), at a height of 3.8 to 4.2
meters above ground, according to the requirements of CBHB6/724/2006Average
noise metrics(Leq, Lday Levening Lnight Lden) Were then calculated and stored every
15min, together with the maximum souedel (Lnay)-

In both cases, sampling locations were ch@smording to certain criteria:

A Full coverage of the study area, ranging from residential areas close to road or air
traffic (O06sensitived), to remot evelar eas
could be measured.

A Availability of road traffic data and information about aircraft movements and
trajectories during takeff and landings.

A Availability of meteorological data and the probability of transport and
dissemimtion of atmospheric pollahts to certain directions.

A Availability of electrical supply for powering the mobile air quality station.

The following table lists the locations where air pollution and noise were measured
during the émonth trial period:

TABLE 1. List of monitoring sies

Site code Location District Air Pollution Noise
S1P Private residence Rafina X X
S2P Agia Triada Monastery Artemis X X

S3 Karamanli Avenue Artemis X
S4P Koropi Health Center Koropi X X
S5P Agios loannis Koropi X X

S6 Agia Marina Nea Mri X

S7 Mati Nea Makri X
S8P Parking lot Athens Airport X X
S9P Spata Health Center Spata X X
S10P Artemis beach Artemis X X
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3. RESULTS

3.1 Air Quality Measurements

A summary of results from the-@onth trial period is presented in Table 2 below
Also, a number of selected graphic charts show the hourly variations of different
pollutants, in Figure 2.

Hourly fluctuations of nitrogen oxide concentrations (NO and;)NOughly follow
the fluctuations of sulfur dioxide (S}) as central heating opéray hours coincide with
road traffic peak hours. On the other hand, they are reversely proportional to ozone
fluctuations(Og3), as they participate in the formation of the particular pollutamtissions
of nonmethane hydrocarbons (NMHC), methane (C#hd carbon monoxide (CO) seem
to follow a similar trend, implying a common source of incomplete combustions, while
suspended particles (R are characterized by intense peaks.

Higher concentrations for primary (NO, $@nd CO) as well as for secondary
pollutants (NQ) and NMHC were detected during morning (710@00) and evening
(21:00:23:00) hours, when the accumulation of increased automobile and central heating
emissions, is favoured by the prevailing meteorological conditions. Ozone concentrations
on the other hand, reach their maximum during afternoon hours, when solar radiation,
which is necessary for the formation of this pollutant, reaches its highest intensity.

The effect of meteorological conditions on pollution dynamics is evident from the
analysis of the results. In Rafina (S1P), wind velocity was maintained at low levels during
the sampling period, a fact that favoured the accumulation of pollutants near the sources
of emission. On the contrary, in Agios loannis (S5P), during the periodi 22& when
the prevailing northerii northeastern winds reached their highest intensity (speeds up to
11.2 m/s)pollutantconcentrations were low because of high dispersion.

Ozone concentrations were noticeably lower at the last three sampling sitest(Airpo
parking lot, Spata and Artemis), which is attributed inter alia (e.g. wind velocity) to the
lower temperatures as measurements took place during the winter period. On the contrary,
measurements at sampling points S1P, S2P, S4P and S5P, were conducigd du
summer, when solar radiation intensity and air temperature are high enough to allow the
photochemical reaction of nitrogen oxides and VOCs to form ozone.

Pollutants which seem to be present in significant concentrations include ozone,
nitrogen oxidesand suspended particles. The three pollutants are present throughout the
year, andn certain time periods, can be detecstthigh concentrations. It is known that
background concentrations of ozone in the wider region of Attica are high, due to air
trangort from neighbouring areas. This was verified by reguoltde Agia Triada and
Agios loannis sites (S2P and S5P),%amhere a:
1 09 . 5° resgettively. Nitrogen oxidewere also found at high concentrations in
certain locations, as can be seen in Figure 2, especially whession sources (e.g road
traffic, airport) were near (Spata and Koropi Health Centers, Airport parking lot).
Marginal PMg values were detected in certain locations, attributed not only to emissions
by the transport sector but also to the terrain mdggyo(enclosed land), land use
(agricultural activities contribute to airborn dust) and the operation of quarrying activities
in the Markopoulo vicinity. Peak concentrations frequently exceect 10 (figure 2),
while average concentrations reache34 7 (8pata Health Center). These findings verify
previous measurements the region, which indicated average PM10 concentrations of
over 50e g £ imMarkopoulo.
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TABLE 2. Results of pollution measements in Eastern Attica

0, NO | NO, | SO, | CO | CH, |NMHC | PMy
(egy (egy (&g (e dy|(mgm’) (mg/m’)| (ppm) |( & g%
S1P  |Average value 83,7 87 211 37 043 1,10 0,18 285
Rafina | standard Deviation 476 160 121 39 020 008 007 31,3
Minimum value 0,1 0,0 2,7 03 014 089 0,06 0,0
Maximum value 1576 1350 63,7 635 144 141 056 4875
S2P  |Average value 120,0 1,5 3,9 46 023 116 0,09 214
"IA'\rgi;;ja Standard Deviation 18.4 1,0 4.4 3,2 0,02 002 0,02 21,8
Minimum value 475 0,1 01 03 015 110 0,04 0,0
Maximum value 185,4 50 404 237 028 121 0,16 3982
S4p Average value 59 135 55 031 1,14 0,10 24,6
Health | standard Deviation
Conter |0 8,1 9,6 43 010 005 0,04 1472
Koropi | Minimum value 0.9 1,0 03 019 1,04 0,05 0,2
Maximum value 51,2 459 244 0,759 1,30 0,26 104,3
S5P Average value 109,5 1,4 6,5 2,6 0,21 1,03 0,09 24,9
Agios | standard Deviation
loannis > 15,2 0,7 4,9 1,4 004 003 004 20,7
Koropi | Minimum value 48,2 0,5 1,4 05 015 0,97 0,05 0,4
Maximum value 154,3 5,9 38,5 10,2 0,40 1,11 0,53 219,7
S8P  |Average value 59,9 77 149 42 027 115 0,13 145
lp":‘”"”g Standard Deviation| 313 150 89 23 017 005 004 111
Airport |Minimum value 0,2 0,2 1,3 1,1 008 1,00 007 00
Maximum value 1040 14840 500 137 096 133 029 87,0
S9P  |Average value 422 26,6 18,7 38 061 1,14 008 338
Health | giandard Deviation
Center | > 256 33,8 9,9 55 048 0,08 007 298
Spata | Minimum value 0,2 0,8 3,6 08 016 087 0,00 0,0
Maximum value 172,4 210,7 608/ 1014 410 2,18 0,34 190,
S10P  |Average value 47,0 49 125 28 037 117 011 240
/b*fte”r‘]'s Standard Deviation| 20 g 7.8 8,6 1,4 019 004 004 235
eac : ’ : : : : ' '
Minimum value 0,2 0,3 2,0 11 017 1,07 0,04 0,0
Maximum value 89,2 79,3 48,6 99 1,40 1,35 056 1804
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FIGURE 2. Selected graphic charts of pollution measurements in Eastern Attica

FIGURE 3. Map of populated areas in Eastern Attica, that are expected to experience ttagrfong
effects of air pollution from Athensifport and major motorways, according to the results of air
guality measurements and dispersion simulations. Red circles indicate areas which are more
vulnerable due to prevailing meteorological conditions. Brown circles indicate medium
vulnerability and geen circles low exposure to lotgrm pollution.

3.2 Noise Measurements and Strategic Noise Mapping in Eastern Attica

As shown inFigure 4 the highest noise levels were detected in areas that were either
affected by road traffic noise or aircraft n®isr a combination of the two. The highest
Lden values were monitored in Spata Health Center (68.7 dB(A)), Artemis (67.7 dB(A)),
Athens Airport Parking lot (67.5 dB(A)) and Koropi Health Center (67.5 dB(A)). The
high noise levels in Spata and Koropi candxplained by the fact that the noise recorders
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were situated close to the main road. In the two other cases (Artemis and Athens Airport),
high Lden values resulted from the comlioia of road and aircraft noise

Noise measurements in Agia Triada and @sgloannis are of particular interest. In
both cases, the noise meters were placed inside remote monastery courtyards, far from
residential areas, main road arteries and other terrestrial noise sources. Thus, the noise
recorded was almost exclusively theoguct of air traffic, and therefore it became
possible to compare noise monitoring data with the refuolis the noise simulation. In
Agia Triada, the recorded levels of 61 dB(A) Lden and 54 dB(A) Lnight correspond to the
results of strategic noise mapgiand they appear to confirm the model, despite the small
time duration of the sampling period. On the contrary, the recorded levels of 62.2 dB(A)
Lden and 54.3 dB(A) Lnight in Agios loannis were 5 and 9 dB(A) higher than the
corresponding values calcugt bythe noisesimulation This difference is probably due
to the seasonal variability of noise in the particular regias nieasurementsvere
conducted during the summer period wihiggre is a peak iair traffic).

The statistical treatment of resultopided important information about distribution
frequencies and the occurrence of noise during specific time periods, related to the
operation of the airport or other urban activities

For example, the Leq curve for Rafina, which is a relatively urbamieea shows no
major peaks, but a rather constant level of noise attributed to the continuous flow of road
traffic towards recreational destinations, whilg, turves for areas like Spata or Koropi
show characteristic peaks, mainly during morning hourgmtommuters are travelling
to work. In regions where aircraft noise is prevailing (S2P Agia Triada, S3 Artemis, S5P
Agios loannis), noise distribution is centered the hourswith the highest air traffic.
Thus, in Agia Triada, the noise peaks observedédren 14:00 18:00, coincide with take
offs from runway O3L (western runway) during the same time interval. Also in Artemis
(S3), the high noise distribution between 08:0@:00 is again related to the increased air
traffic from runway O3L (eastern ruray) during these hours.

Finally, with respect to maximum noise levelsnh{k noise metric), we see that
according to the frequency distribution, the areas facing an increased noise exposure are
those nearest to Athens Airport. This is indicated by thetlfatf in areas far away from
the airport where road traffic noise prevails, thgJdfrequency curve is distributed around
75 to 77 dB(A), whereas in areas close to the airpast distributed aroun@®5 dB (A)
(KaramanlisAv. Artemis, Airport parking I Artemis beach
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FIGURE 4. Variation of different noise metrics with time, at the ten monitoring sites.

257 28/5/2010, PATRAS, GREECE 897



100 COMECAP 2010, 1 &y t te|yfe-d 3 1 6 i10th COMECAP 2010, CONFERENCE PROCEEDINGS

LDEN_60
LDEN_85
® st0p
® NwT-10 |
I Uroen fabic
] Aot

LAEQN_S0
LAEQN 55
® stop

F e

FIGURE 5. Strategic noise mapping for Athens International Airport. Map on the left shows
average noise exposure (Lden cogeran 2008). Map on the right shows average nighttime
exposure (Lnight coverage in 2008). Populated areas are shown in black.

4. CONCLUSIONS

Summarizing thanain findingsfrom the analysis obn-site measurements, model
outputs and othenir qualitydatafor the region, ifis concludedhat:

)l

SO, CO and hydrocarbon atmospheric concentratemesrelatively low and do
not presena significant healtiproblem although the situation could change in the
future if there is a large increase in the number of ca& industrial activity in
certain districts

On the contrary, € NO, and PM;, concentrations were detectedhagh levels

and in certairoccasiongxceed legislated limits

With regards to ozone, concentrations were found to be marginally lowerhtan t
legislated mean-8our limit of 120eg/m®. Ozonepollution is not limitedto the
region of Messogia, but is rather linked to thigh concentrationsccuring in the
northernandnorthrwesternsuburbs of Athens (Parnitha, Kapandriti, Marousi).
Nitrogen dioxide was measured atlatively highlevels, butin any case lower
than national air quality limitsThe presence diitrogenoxidesis linked tolocal
urban and industrial emission sourcAsrport emissions contribute significantly

to the highNO, concentrationsas it appears frorn-site measurements in the
airport area and downwind neighbouring residential areas that are affected by the
transport of pollution.

Marginal PM, values were detected in certain locations, attributed not only to
emissions by the transport sector but alsoh terrain morphology (enclosed
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topography, land use (agricultural activities contribute to airborn dust) and the
operation of quarrying activities in the Markopoulo vicinity

With respect to environmental noise, the main findings were the following:

1 The predominant sources of noise in the region are road transport and aircraft
noise. Both sources are responsible for high noise exposure in some areas, with
road transport creating highegeklevels but fewer peaks than aircraft noise.

1 With respect to aimaft noise, strategic noise mapping revealed that the regions
mostly exposed are Artemis ¢ds and Lma) and Rafina (kign). According to
demographic and landse data for the region, the total residential area covered by
the 60 dB(A) lsen NOise curve wad.315 knf in 2008, while the corresponding
area covered byhe 50 dB(A) Lign Noise curve was 1.892 KmOnsite noise
measurements carried out in the second half of 2008 at ten different locations
around the airport, seem to confirm these results.
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ABSTRACT

This study describes a recent calculation algorithm for isoprene, based on the MEGAN model
(Guenther et al., 2006), simulating isoprene emissions in Europe during the period (ZB0542006.
This period was unusually hot and dry with levind conditionscharacterized byidespread wildand
fires especially over northern Europe. The daily isoprene emissions were higher in southern areas, where
the Iberian Peninsula, displayed values of up to 4nfgAnsensitivity analysis was then performedngs
the chemistry model CAMx to examine how isoprene emissions can influence the levels of tropospheric
ozone. The simulations revealed increases of the ord8 gpb in the area.
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1. INTRODUCTION

The emissions of biogenic volatile organic compounds (BVOCs) have a substantial
impact on the chemistry of the atmosphere. Among the BVOCSs, isoprene is the most
widely emitted compound, with glab annual emissions of the order of 6@8@/year
(Guenther et al., 2006). Forested areas are the major source of isoprene, while minor
sources include animals and humans, microbes and aquatic organisms (Wagner et al.,
1999). Oxidation of isoprene and othleganic compounds produces variable amounts

of ozone and secondary organic aerosols, affecting both air quality and clirhate.
objective of this study is to estimate isoprene emissions from forests, shrubs and crops
over Europe with a newalgorithm basedn MEGAN model (Guentheat al., 2006) and

257 28/5/2010, PATRAS, GREECE 901



10u COMECAP 2010, 1 &y ttc|lyFe 3 1 6 10th COMECAP 2010, CONFERENCE PROCEEDINGS

then to quantify their impact on ambient ozone concentrations levels during the period
25/0409/05/2006 characterized by widespread salod fires over western Russia
(Saarikoski et al., 2007). The impact obpsene emissions is quantified by analyzing
the differences between two numerical simulations (with and without isoprene
emissions) both performed with the Eulerian MM5/CAMx modelling system.

2.METHODOLOGY

2.1 Model of biogenicemissions

The net enssion rate of a volatile organic compound (mg compouticearth surface
h™) is expressed as
Emission=U02-} 1)

whereU(mg m? h?) is the standard emission factorjs an emission activity factor
which represents the response to deviations fstamdard conditions (303K, PPFD
transmission 0.6) andis a factor that accounts for isoprene production and loss within
plant canopy, taken equal to one in this study. The activity faegsogiven by

0= Cce 9p o1 - LAl vage Ism (2)

where, Cce=0.57 is an adjustment factor thets the emission activity to unity in
standard conditionsgp is the activity factor for Photosynthetic Photon Flux Density
(PPFD),or is temperature emission activity factor, LAl is the leaf area indéxn{f)

and vage 9sm are the leaf age and soil msture acivity factors, respectively. The soil
moisture activity factor is set to one in this study. Emission variations due to changes in

light and temperature are expressed as
Cp-aPPFD

P = TiaZ PPFDZ )

and
[TJ‘Tapr}
Eopt'CrzexP| (11 RTTopt
oy = 4
¢ (T Topt) (4)
CTZ_ Crl' l—exp CTZ.—HT{TGPI

respectively, where (Cand U coefficients depend on past light intensity;€ 95000
Jmol?*, Cr= 230000 Jmol , T, (K) is leaf temperature, R(=8.31 3kmol™) is the
universal gas constantgdeis the maximum normalized isoprene emission capacity and
Toptis the temperature at whichdzoccurs.

The leaf age activity factor{yq is calculatedor deciduous canopies as

Oage: FneV\Anew"' I:groAgro'l' I:malAmat"'FoldAoId (5)
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where Few Fgro, Fmas Foia @re the fractions of new, growing, mature and old leaves
respectively.Anew (=0.05), Ayo(=0.6), Anat (=1.125), Aiq (=1) are the relative emission
rates assigned to each canopy fraction.

The biogenic emissions algorithm has been developed as a standaloni isdugsed

on the parameterizationf Guentheret al. (2006), only for isoprene emission rates. The
algoiithm requires two types of inputs, landcover and weather data. Regarding the first
data category, monthly average LAl and standard emission fattene (available from

the National Center of Atmospheric Research (NCAR) at a base resolution of 30x30sec.
The standard emission factors are weighted averages of five different plant types
(broadleaf trees, needle trees, crops, shrubs and grass) oveekalhior to their use

the landcover data need to be regridded on the required spatial resokdiahe needs

of this study, the regrid was achieved by averaging all the 30x30sec pixel values that
fall within a CAMXx cell. The necessary meteorologiadta, namely fields of surface
temperature and solar radiation were provided by the-hydrostatic mesoscale
meteorological model Penn State/NCAR Mesoscale Model (MM5), versioB-V3
(Grell et al., 1994).

2.2 MM5/CAMx modeling system

CAMx (Environ, 204) is an Eulerian photochemical dispersion model that simulates
the emission, dispersion, chemical reaction, and removal of pollutants in the
troposphere by solving the pollutant continuity equation for each chemical species on a
system of nested thremensional grids. The version used in this study (4.02) uses the
CB-1V gasphase chemical mechanism (Gery et al., 1989)

CAMx model was applied in LATLON projection with spatial resolution®x40.2

(135 x 195 cells) while MM5 was applied consideringmbeert Conformal Space
projection with a spatial resolution of 30km x 30km (279 x 178 cells). In the vertical
axis; ex21 & were consi-tbel(sgtha=0.9961) dt ardulde80 | owe s
m, and the top layer (sigma=0.02) at about 14 km. All theeonelogical fields required

by both CAMx and the biogenic emission algorithm have been interpolated to CAMXx
LATLON grid by applying the mm5camxv4.3 ppeocessor.

For the simulations, EMEP emissions (2004 reference year) covering 11 SNAP
categories plusmissions from ships and volcanoes were used. Gaseous and particulate
emission fluxes from biomass burning have been also considered. In particular, spatial
distribution of daily TSP emission fluxes, based on MODIS Fire Radiative Power
product, has beenegerated by the FMI Fire Assimilation System (provided in the
framework of COST728). The chemical (Andreae et al., 1998) and size (Andreae and
Merlet, 2001) distribution of TSP fire emissions have been based on literature review.
Gaseous pollutants of CBOx, SO, NH3; and speciated VOC fire emissions were then
added based on scaling factors (Andreae and Merlet, 2001). The fire emissions were
distributedin three vertical layers (@00m, 108500m, 5001000m)

3.RESULTS

In this section, we present andchadyze results forselecteddays (02/05/2006,
03/05/2006,06/05/2006 and 08/05/2006) of the simulation period. First we present
estimates of hourly isoprene emissions fluxes over Europe highlighting the hot spots.
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Thereafter we discuss their impact on &nb ozone concentrations by analyzing the
differences between the two model simulations with and without isoprene emissions.
All the results are presented for noon (12:00 UT).

3.1 Isoprene emissions

The emissions of isoprene depend on many parametes, most important the
emission potential, solar radiation reaching the surface and temperature of leaves.
Throughout the simulation period, it is observed that changes in synoptic scale systems
cause considerable changes at isoprene emissions. Elesafgdne emissions are
found over the Iberian Peninsula, Morocco, Tunisia, parts of Italy, France, Austria,
Western Turkey and Russia, in accordance with recent studies (ejgsoBimat al.,

1999; Curci et al., 2009). Spain appears as the major hot spidprene emissions,
displayed hourly values of up to 1269 m? h™'. Relative low emissions are observed in
Scandinavia, Central Europe and the UK3@eg m* hY) Although, the Scandinavian
Peninsula has very high emission potential, presented lowssiems over all the
simulation period, as a result of the small amounts of solar radiation and surface
temperature.

On 02/05/2006, a low pressure system covered UK affecting also the west Scandinavia,
while high pressures prevailed over Finland and evasRussia. Over Spain, few clouds

are observed and relative high surface temperature29&3). In general, the isoprene
emissions pattern at 12:00 UT (Fig. 1a left) follows the spatial distribution of solar
radiation (Fig 1a right) and surface temperature (not shown). Spain depicts the highest
emissions fluxes up to 11@@ m*h™ while lowerfluxes are shown over central Europe

and Russia (up to 66g m?h™). It is interesting to mention that this day presents the
maximum rate of emissions of all the simulation period.

On 03/05/2006, a cold front passed over north Spain affecting tharidfeeninsula. As

a consequence, dense clouds cover the Iberian Peninsula (Fig. 1b right). Cloud cover is
reduced over northern France and Germany. Compared to the previous day, the changes
in the isoprene emissions pattern (Fig. 1b left) are mainly assdcvath radiation
changes. Specifically, isoprene emissions decrease over Spain and Portudgsl €40
m?h™) and increase over the central Europe {400eg mi*h™).

A cut-off low, on 08/05/2006, affected UK and northern France. At the same day, a high
pressure system prevailed over Scandinavia and Finland. So, apart from Spain,
relatively higher soprene emission fluxes appear in Finland and western Russia (100
200 £g m? h™) during this day, due to the elevated solar radiation that reaches the
surface (Fig. 1c right).

3.2 Ozone concentrations

The simulations reveal that during the examinediodethe impact of isoprene
emissions on the hourly ozone concentration levels over Europe ranges between 1 and 8
ppb. Our results agree with the findings of recent studies modeling the impact of
isoprene emissions over Europe (Curci et al., 2009). Theesigmpact is observed
during the afternoon hours while the areas mostly affected are designated by the
combination of several factors, such as, relatively high isoprene emissions, abundance
of NOx emissions and favourable wind flow. Indeed, the simulatreveal that the day

that experiences the highest impact on ozone concentrations (06/05/2006) does not
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coincide with the day characterized by the highest isoprene emissions rates
(02/05/2006).

In particular, during 02/05/2006 and 03/05/2006, the eftédsoprene emissions on
ozone concentration levels follows the emissions pattern. Small increases of ozone
concentrations up to 2 ppb are observed over the Iberian Peninsula, Italy and central
Europe (Fig. 2d&) following the spatial distribution of ipoene emission fluxes.
Increases are also observed along the coastal areas of Spain, Morocco and Tunisia. In all
cases, the existence of anthropogenic (inland or ships activity) NOX pollutants is a
prerequisite for efficient ozone production from BVOC @&tidn. The ozone increase

(up to 3 ppb) over Finland and western Russia is the result of the interaction between
isoprene emissions and the intense biomass burning activity taking place at that area
during these days (not shown). Specifically, the natN@X emissions combine with

the anthropogeniones and favour isoprene oxidation. Ozone increase at that area is
further favoured under the extremely low wind speédslm/s) (ot shown). The
negative ozone differences at the southeastern edge of the defteshthe absence of
anthropogenic emissions. In that case, isoprene acts as an ozone sink since the effect of
the reaction between ozone and isoprene becomes more important.

On 06/05/2006 and@8/05/2006, the results are somehow different in the dbas¢he

ozone differences do not follow the pattern of isoprene emissions. Despite the existence
of isoprene emissions over Russia (Fig.fdc08/05/2006), the absence of enhanced
fires activity (not shown) does not favour significant isoprene oxidatompared to the

other two days (02/05/2006 and 03/05/2006). Nevertheless, the impact of isoprene
emissions is emphasized on another route determined by the organized westwards flow
over central Europe which then turns towards nomist over UK (not shown)The

almost negligible impact of isoprene emissions over Spain is due to relatively low
isoprene emissions over the southern and central Europe and to the low wind speeds
that eliminate the ozone advection. The negative ozone differences over the
southeatern Europe are associated again with the absence of anthropogenic activity.

3.3 Comparison with ground observations

In order to investigate whether there is an improvement in simulations when introducing
BVOC emissions, CAMx simulations are comparedhwbbservations at 117 rural
background monitoring sites available from EMEP (http://www.emep.int). The
statistical scores are presented in Table 1. The comparison shows an underestimation of
the predicted surface hourly ozone concentrations. Althougimthesion of isoprene
emissions improves the results the underestimation is still evident. Adding isoprene
emissions increases ozone values over the continent by an average of 0.3 ppb.

TABLE 1. Statistics of predicted surface hourly ozone concentratgainst observations at
rural background monitoring stations of EMEP netw(hkeshold 50 ppb)

Run without BVOC Run with BVOC

Bias (ppb) -23.5 -23.1
Bias normalized (%) -38.30 -37.70
Bias fractional (%) -52.00 -51.00
Error absolute (ppb) 23.7 23.3

Error normalized (%) 38.70 38.10
Error fractional (%) 52.30 51.40
RMS Error (ppb) 27.2 26.8
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4.CONCLUSIONS

In the frame of this study a recent algorithm has been used in order to calculate isoprene
emissions over Europe for the period between 250&/05/2006. Compared to other
biogenic emission inventories (Simpson et al., 1999, Curci et al., 2009), elevated
iIsoprene emissions are estimated for the Iberian Peninsallaceiritaly and western
Russia during the spring perio@he areas mostly affecteoly ozone concentration
increases are designated by the combination of several factors such as relatively high
isoprene emissions, abundance of NOx emissions and favourable wind flow. Small
increases of ozone concentrations (~2 ppb) are observed ovdyetinen IPeninsula,

Italy and central Europe during most of the period following the isoprene emissions
pattern. The increase of mean hourly ozone concentrations over Finland and Western
Russia (38ppb) is the result of the interaction between isoprene Emssand the
intense biomass burning activity taking place at that area.

a)

b)
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