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Abstract. Particulate matter mass concentrations measuredhg to ~ 3 days. Median time lag between advections was 7
in the city of Rome (ltaly) in the period 2001-2004 have days. Typical altitude range of the dust plumes was 0—6 km,
been cross-analysed with concurrent Saharan dust advectiomith the centre of mass at 3kma.g.. BSC-DREAMS8b
events to infer the impact these natural episodes bear on th@odel simulations (1461 days) predicted Lidar detectable
standard air quality parameter Ribbserved at two city sta- (532 nm extinction coefficient > 0.005 k) dust advections
tions and at one regional background station. Natural eventsn 25.9 % of the days, with ground contacts on 13 % of the
such as Saharan dust advections are associated with a defiays. As in the Lidar case, the average dust centre of mass
nite health risk. At the same time, the Directive 2008/50/ECwas forecast at-3km. Along the 703 day Lidar dataset,
allows subtraction of PM exceedances caused by natural cornodel forecast and Lidar detection of the presence of dust
tributions from statistics used to determine air quality of EU coincided on 80 % of the cases, 92 % coincidences are found
sites. In this respect, it is important to detect and characterisgvithin a +1 day window.
such advections by means of reliable, operational techniques. Combination of the BSC-DREAM8b and Lidar records
To assess the P} increase we used both the “regional- leads to about 21% of the days being affected by pres-
background method” suggested by EC Guidelines and a “lo-ence of Saharan dust at the ground. This combined dataset
cal background” method, demonstrated to be most suited tdvas been used to compute the increase in PM with respect
this central Mediterranean region. In terms of exceedancedp dust-unaffected previous days. This analysis has shown
the two approaches provided results withirR0 % of each ~ Saharan dust events to exert a meaningful impact on the
other at background sites, anc~ab0 % of each otherin traf- PMjg records, causing average increases of the order of
fic conditions. 11.9 ug mr3. Conversely, PN increases computed relying
The sequence of Saharan advections over the city has beamly on the Lidar detections (i.e., presence of dust layers ac-
either detected by Polarization Lidar (laser radar) observatually observed) were of the order of 15.6 ugfmBoth anal-
tions or forecast by the operational numerical regional min-yses indicate the annual average contribution of dust advec-
eral dust model BSC-DREAMS8b of the Barcelona Super-tions to the city PMo mass concentrations to be of the or-
computing Centre. Lidar observations were also employedier of 2.35 ug m3. The number of exceedances attributable
to retrieve the average physical properties of the dust cloudéo Saharan advections at the three station types addressed
as a function of height. Over the four-year period, Lidar in this study (urban traffic, urban background and regional
measurements (703 evenly distributed days) revealed Sah&ackground) were found to be 25 %, 30 % and 43 %, respec-
ran plumes transits over Rome on 28.6 % of the days, withtively. These results confirm Saharan advections in the cen-
minimum occurrence in wintertime. Dust was observed totral Mediterranean as important modulators of fgNbads
reach the ground on 17.5 % of the days totalling 88 episodesand exceedances.
Most (90 %) of these advections lasted up to 5 days, averag-
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1 Introduction Mediterranean regions, validated model-based Saharan dust
fields should be integrated within regional air quality mod-

Mass concentration (ugm) of particulate matter smaller els to improve the agreement between PM simulations and
than 10 micrometers in aerodynamic diameter (BN one  observations, concurring to disclose the relative contribution
of the parameters widely employed to assess air qualityof natural vs. anthropogenic sources in the PM records mea-
In this respect, the current European Union (EU) air qual-sured at the ground (e.g., Basart et al., 2012a; Carnevale et
ity directive 2008/50/EC (EC, 2008) allows no more than al., 2012; Pey et al., 2013).
35 exceedances per year of the daily average threshold of This study provides a characterisation of Saharan advec-
50 pug nT 3. At the same time, the P yearly average should tions and an evaluation of their impact on the RNhass
not exceed 40 pg . Considering the high levels of Piyl concentration in the city of Rome, Italy, one of the largest
observed in the largest European cities and the sometimesetropolitan areas in Mediterranean Europe. Time and al-
high values of background Pid levels (e.g., Putaud et al., titude characterisation of the Saharan advection events will
2004; Yttri and Aas, 2006; Querol et al., 2009a; Mol et al., be based on model forecasts and polarization Lidar obser-
2011), these limits might result as rather stringent. The di-vations, while changes in P) concentration will be com-
rective 2008/50/EC also allows for subtraction of the naturalputed considering average Rploads recorded in Rome air-
aerosol contributions to the monitored PMevels after as-  quality stations prior and during the dust events. The method
sessing their origin and amount. Methods to implement sucho estimate such impact of Saharan dust omMads will
an assessment are summarised in the EC Guidelines on the optimised for the conditions encountered at this central
guantification of the contribution of natural sources under theMediterranean region.
EU Air Quality Directive 2008/50/EC (EC, 2011). Since at
certain times and locations natural aerosol sources can be
rather strong, it is important to create effective tools to eval-2 Methods
uate such contributions to PM levels.

In Mediterranean Europe the natural phenomenon whic
mostly affects PM concentrations is the frequent transport o

hTo determine the days affected by the presence of Saharan
f’;lil’ masses over the city, we employ dust model forecasts

large quantities of mineral dust from the nearby Sahara desef'Lnd polﬁn(zjatlon Llldardobservatlons. This secgoln des_crlbes
(e.g., Moulin et al., 1998; Rodriguez et al., 2001; Barnaba!'¢ Mmethods employed to measure BNSect. 2.1), to in-

and Gobbi, 2004; Mitsakou et al., 2008; Querol et al., 2009b;fer the presence of Saharan advections (2.2 and 2.3) and to

Basart et al., 2012a; Pay et al., 2012). In the central andjetermme their contribution to P (2.4).
yvestem Mediterranean sugh outflow of mineral .dust .rgagheil PMyo measurements
its maximum between Spring and Autumn, while minimis-

ing in winter (e.g., Barnaba and Gobbi, 2004; Basart et al..;the pmyq records utilised here were collected at three sta-
2009; Pey et al., 2013). In the year 2001, satellite observasons run by ARPA Lazio, the environmental protection

tions showed Saharan _dust advections to affect an averaggyency in charge of the air quality monitoring in the Latium
26 % of the central Mediterranean surface area (Barnaba anfégion. Two of the stations, Magna Grecia (MG, 42.88

Gobbi, 2004). In that year, Saharan dust advections observegh cr g 49 m a.s.l.), and Villa Ada (VA, 41.9N-12.5P E

in Rome by our polarization Lidar extended typically from 50 ma.s.1.) are located in central Rome, while the third
ground up to 6kma.s.l. (Gobbi et al., 2004a), and were estiyne is situated at Fontechiari (FC, 41°6%-13.67 E, 388
mated togmcreasg the urban PMoads by an average 39 1y 5 5 1), about 70 km SE of Rome. Stations type can be de-
15pgnr= (Gobbi et al., 2007). These advections were ob-fineq as: “urban traffic” for MG, “urban background” for VA,
served to originate mostly from the desert regions of south-;,4 “regional background” for FC. Plgmass concentration
ern Tunisia and to bear negative health effects on the cityy 35 measured by means of Philips Environment MP-101-M,

population (Mallone et al., 2011). beta-gauge analysers, performing two f3Mverage mass

On a yearly basis, the Saharan emissions transported tRy5dings per hour. After quality check, the readings were
the Mediterranean coasts increase the locahdldads by  gyeraged to provide the daily mean values employed in our
a few pgnr2 (e.g., Pey et al., 2013; Querol et al., 2009b). study.

Single events can however increase the;pPMads by tens

to hundreds pg e, potentially affecting the number of ex- 2.2 The VELIS Lidar

ceedances of the EU limits (e.g., Rodriguez et al., 2001,

Gobbi et al., 2007; Perrino et al., 2009; Pey et al., 2013).Polarization Lidar (laser radar) measurements are employed
In a quantitative study conducted by particle-induced X-rayhere to detect and characterise Saharan dust events. This
emission techniques (PIXE), Nava et al. (2012) found the SaMehicle-Mountable Lidar System (VELIS) was located at the
haran advections contribution to Rlsamples collected in ISAC Rome laboratories (41.8M-12.65 E, 130ma.s.l.),
Tuscany (central Italy) to range between 3 and 30§ m in a semi-rural area approximately 12 km southeast of the
Such high levels of natural PM loads imply that, at least in thecity centre. An extended description of the Lidar system and
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of the relevant data analysis to derive aerosol extinction isdimensional field of dust concentration in the troposphere
given in Gobbi et al. (2004). Here we briefly recall that and takes into account all major processes of dust life, such
VELIS employs a frequency-doubled Nd:YAG laser, emit- as dust emission, horizontal and vertical diffusion and ad-
ting 532 nm, plane-polarized, 30 mJ pulses at 10 Hz. Two covection and wet and dry deposition. It also includes the ef-
located telescopes allow to collect a full backscatter profilefects of the particle-size distribution on aerosol dispersion.
between~ 300 m and 14 km from the ground, with a vertical The model numerically solves the Euler-type partial differ-

resolution of 37.5 m. Overlap correction allows to reconstructential nonlinear equation for dust mass continuity, and it is
the aerosol profile down to 100 ma.g.l. Typical averagingfully embedded as one of the governing prognostic equations

time of each profile is 10 min. in the atmospheric NCEP/Eta model.
Outputs of the VELIS measurement are tropospheric pro- The main features of BSC-DREAMS8Db are a source func-
files of aerosol backscattéiz(z) and extinctionoa(z) co- tion based on the arid and semi-arid categories of the

efficients, plus depolarization rati®,(z), all determined 1km USGS land use dataset, a 8-bin particle size distribu-
at the laser wavelength. The aerosol depolarizatipn= tion within the 0.1-10 um radius range according to Tegen
(Bar)/(Bay), i.e., the ratio of the aerosol-induced cross- and Lacis (1996), a source size distribution derived from
polarized backscatter signas,( ) to the parallel-polarized D’Almeida (1987) and dust radiative feedbacks (Pérez et al.,
one (8,,,) is a good indicator of the shape of the scattering2006a). In the last years, the model has been used for dust
particles (e.g., Sakai et al., 2010). In fact, spherical particledorecasting and as dust research tools in North Africa and
(as liquid aerosols) do not change the polarization plane othe Mediterranean (e.g., Amiridis et al., 2009; Papanastasiou
the laser beam they backscatter, while non-spherical ones (&t al., 2010; Marinou et al., 2012). Several evaluation stud-
dust particles or ice crystals) introduce a marked degree ofes outlined the good skills of BSC-DREAM8b concerning
depolarization. While for continental type aerosols VELIS both the horizontal and vertical extend of the dust plume in
typically observes depolarizatiab. < 10 %, in the case of the Mediterranean Basin for a single dust event (Pérez et al.,
pure Saharan dust close to the source it measured an ave2006a, b; Haustein et al., 2009; Papanastasiou et al., 2010)
age depolarizatioDg ~ 41 % (e.g., Gobbi et al., 2000). In and over longer time periods (Kishcha et al., 2007; Pay et al.,
Rome, dust advections typically show 15%g§<30%. In  2012; Basart et al., 2012b).

the absence of aerosols, i.e., in pure molecular backscatter, The present analysis includes a dust simulation of BSC-
the system measuréy, ~ 1 %. Aerosol depolarizatioP; is DREAMBD for the period from 1 January 2001 to 31 Decem-
therefore considered an excellent marker for identifying theber 2004 on an hourly basis. The initial state of dust concen-
presence and altitude of mineral dust over the Lidar stationtration in the BSCDREAMS8b model is defined by the 24 h
As in previous analyses, also in this work the vertical dis-forecast from the previous-day model run. The NCEP/FNL
tribution of dust during Saharan events is determined as coFinal Operational Global Analysis data at 00:00 UTC are
inciding with regions where, increases above 10 %. Dust used as initial conditions and boundary conditions at inter-
contribution to the extinction is then estimated by weighting vals of 6 h. The resolution is set to 1/3 degrees in the hori-
the aerosol extinction coefficient by the rafig/41 %. Since  zontal and to 24 layers extending up to approximately 15 km
“pure” dust depolarization can happen to be lower than 41 %in the vertical. The domain of simulation covers northern
(e.g., Sakai et al., 2010), this approach provides a lower limitAfrica, Middle East and Europe.

to the retrieved dust extinction coefficient. The VELIS sched- The BSC-DREAMS8b output analyzed here consists of 1-
ule included 2 to 6 profiles per day (depending on sky con-hour time resolution forecasts of dust advections transiting
ditions) collected at non-synchronous times between 07:0@ver Rome, so that the entire dataset is made of over 35000
and 21:00 UTC. During the period January 2001-Decemberecords. The data provided are: dust load, dust concentra-
2004, the observations covered about 50 % of the days. Ition and PMg at the surface, 550 nm AOD and extinction
particular, VELIS was deployed in field campaigns (and coefficient at 24 levels (from 86 to 15000 ma.s.l.). Since
therefore did not operate in Rome) in January 2001, fromthese levels are not equally spaced, the values were averaged
mid-July to mid-September 2002 (Gobbi et al., 2004b), andover a regular, 1 km-thick vertical grid. The dust load, sur-
during short periods in July 2003 (Tafuro et al., 2006) andface concentration and extinction coefficient records from the
August—September 2004 (Barnaba et al., 2007; Highwood eBSC-DREAMS8b model show continuous distributions, with
al., 2007). These dates are therefore missing in the presetlarge occurrence of small, but non-null, values. For this rea-
Lidar record. Overall, 703 daily profiles have been employedson, these time series show “absolute dust-free conditions” to
in this study, with a mean number measurement-days peoccur in less than 2 % of cases. This makes difficult to per-

month of 15+ 6. form a direct comparison with the Lidar data. In order to do
S0 a screening process was introduced.
2.3 The BSC-DREAMS8b model An advection, whatever its altitude, is counted when

BSC-DREAMS8b simulations predicted the presence over the
The BSC-DREAMS8b model (Nickovic et al., 2001; Pérez city of “Lidar detectable” (532 nm Extinction > 0.005 krh)
et al.,, 2006a, b; Basart et al., 2012b) simulates the 3-dust clouds. Such a signal corresponds to approximately
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3ugnt2 of dust. The sensitivity of the VELIS Lidar sys-
tem has then been taken as a threshold for discriminat-
ing the BSC-DREAMS8b extinction data between dust and
non-dust regimes. Hence, considering a Lidar sensitivity of
0.005 knt up to 6 km and 0.01 km* above, have been clas-
sified as “dust cases” only those profiles where the average
extinction exceeds the Lidar-derived threshold at least in one
layer. In such way, a total of 9084 dust layers have been de-
tected in the BSC-DREAMS8Db record, with a time incidence
(days per year) of about 26 %.

2.4 Determining the dust-driven PMyg increase

Operational evaluation of the Piglincrease due to Saharan
advections is commonly performed by subtracting a “back- ;
ground” value from the Pl load during the dust event.
Current EU guidelines (EC, 2011) suggest to calculate such
an increase at a regional background station and to use thit
value for all the PMo monitoring sites in that region. In
this approach, the background is computed by averaging the
PMjo load at the regional background station in the 15-
day period preceding and following the event (EU, 2011).
This method was originally developed and optimised for the
Iberian Peninsula (Escudero et al., 2007).

In our previous work (Gobbi et al., 2007) we choose to
compute background P)d loads at each station being con-
sidered, averaging the background over the 15day period
preceding the event. In this work, the best B3Mwerag-  Fig. 1. Average daily variation of Plyy and meteorological param-
ing period over which to evaluate background conditions haseters with respect to their average in the 15 day time span preceding
been defined after studying the behaviour of meteoro|ogicaﬁnd following all the dust advections encountered in the 4 yr study.
variables and of Pl loads at various stations during the Sa- Error bars represent the 95 % confidence intervals of such averages.
haran advection events. Our starting assumption being: thtl-ag:]e ti\)g?egfevilrltjeej Stutrl:w?e theerowrl%gl/i Sra:az:;”a;v‘:gté‘r"t’;‘gt%‘:er Its

: : | 4 . urves

best e§t|mate of the dust HMcomponent during a Saharan MGg(que), VAp(green), FC (red) and for the ensemblg of the three
advection should be measured against thePlad aver- . ) ) .

. stations (black). Meteorological parameters considered are: pres-
aged along the shortgst nulmber of days precedlng thg eye%re(b), temperaturéc), wind speedd), sunshinge) and rainfall
at the very same station. Figure 1 reports the daily variationy respectively.
of meteorological and PM parameters with respect to their
average in the 15day time span preceding and following all
the dust advections encountered in the 4 yr study. Error bars
represent the 95 % confidence intervals of such averages. Afive days preceding the events, (2) increasing wind, precipi-
erage variations recorded over each whole Saharan event atation, and temperature, i.e., conditions favouring removal of
reported at time zero, regardless of the actual length of thé®M, during the events, and (3) return to pre-advection condi-
event (on average 3 days, e.g., Sect. 3.1). tions some 6—8 days past the event.

At all stations, PMg mass concentrations (Fig. 1a) fol-  The previous results also indicate that averaging;$M
low a rather similar behaviour, showing a systematic increasever the —15 to +15 dust-free dates across the Saharan-
during the six days preceding the events and a decrease duitagged date (as the EU guidelines suggest) provides a lower
ing the five days following it. The same pattern is recorded atPM;g background than averaging over the 15 days before the
urban stations (MG and VA), as well as at the regional back-events (as done in Gobbi et al., 2007). However, both these
ground one (FC). Such pattern is found to be anti-correlatedapproaches include Pid conditions rather dissimilar from
with respect to wind (Fig. 1d), and precipitation (Fig. 1f), two the ones the Saharan events build upon. In particular, em-
meteorological drivers of PM concentration. Conversely, ploying the data following the event may introduce a bias
it is correlated with respect to pressure (Fig. 1b), tempera-due to the highly probable presence of rain in the 4 day pe-
ture (Fig. 1c) and sunshine (Fig. 1e). The picture resultingriod across the events. One further parameter to consider is
from such comparison indicates a systematic accumulatiorthe typical lag between advections. In our case, mean and
of PMjo due to (1) stagnation and low precipitation in the median time lags between the observed 83 non-wintertime

i
Arain, mm A sunshine,h
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advections (out of the total 88 ones) were 9.2 and 7 daysTable 1. Bias and RMS differences between dust load esti-
respectively. Choosing longer averaging times may then in-mates (ug rﬁ3) performed at the regional background station of
troduce biases due to contiguous events. Therefore, the 9 ddyentechiari (FC) with respect to equivalent estimates performed at
period preceding the events results to be a preferable range $8€ two city stations of VA and MG, and at two other regional back-
evaluate such background conditions in this central Mediter-9round stations (Allumiere, AL, and Leonessa, LE).

ranean region. In this time span, choice of the averaging

length must then be a trade-off between statistical signifi- Bias (ugnT3)  RMS (g i)
cance and closeness to the event. For these reasons we de- AL-FC 0.2+ 10.0 7.4:6.7
cided to restrict the averaging period to the 7 days (down to a LE-FC -0.7+£9.7 6.7+6.9
minimum of 5 days, depending on data availability) preced- VA-FC 1.3+114 8.9+7.0
ing each advection event. If available, the full 7 day record is MG-FC 5.2£8.3 8.8+13.5

preferable to avoid possible weekly-cycle effects. In fact, the
weekly PMyg cycle present at all stations was evaluated to
impact results of averaging over five rather than seven dayg Results
by some 0.5 ug m? at VA and FC and by at most 1.4 pgth
at MG. 3.1 Saharan dust episodes statistics
To support our choice of evaluating Saharan dust loads
employing same station background and in-dustfMass The VELIS Lidar dataset consists of 703 measurement-
concentrations (local approach), we compared dust load edays, of which 197 days with detected Saharan advection. In
timates made at various sites in the Rome region. In particuthe same days, BSC-DREAM8Db forecasted 248 dust events
lar, we evaluated the mean bias and root-mean-square (RM$yith extinction coefficient >0.005km (26 % more than
difference between the dust load estimates performed at th#ELIS), 158 of which coincide in time with the Lidar-
regional background station of Fontechiari (FC) with respectobserved ones. Overall, 80 % of the VELIS observations of
to equivalent estimates performed at the two city stationsdust coincide in time with the BSC-DREAMS8b forecasts,
of VA and MG, and at the two other regional background 92 % fall within one day, and 96 % within 3 days of the
stations of Allumiere (located some 50 km NW of Rome at BSC-DREAMS8b forecasts. Agreement between model and
500ma.s.l.), and of Leonessa (located some 70km NE obbservations on dust presence at the ground was recorded
Rome at 950 ma.s.l.). The relevant results are reported in Taen 70 % of the cases. Season-wise, such agreement shows a
ble 1. In spite of a smaller bias present between backgroundninimum in summer (61 %) while remaining on similar lev-
stations, these comparisons show no significant changes ials (73-77 %) in the other seasons.
RMS differences and in standard deviations of background The vertical distribution of the dust layers constitutes an
or city stations with respect to FC. In this respect, regionalimportant information in terms of both air quality and cli-
background stations do not seem to show with respect to F@nate impacts. Figure 2 depicts the statistics of such parame-
a more coherent estimate of dust contribution toi;Pkhan  ter (1 km altitude bins) as retrieved by the VELIS Lidar (left
urban stations do. We interpret this as supporting the locatolumn) or modelled by BSC-DREAMS8b (right column).
station approach. In this respect, next sections will also showrigure 2a and b report the frequency of Saharan dust pres-
that the estimates performed by the two methods are welknce in at least one altitude bin. Figure 2c and d quantify the
within their variability bars. While suffering of the larger bin average extinction coefficient (krh at 532 nm) during
variability of PM loads at urban sites (e.g., the daily cycle such events. Both frequency plots maximize at 2—-3 km (25 %
discussion above), this approach provides additional infor-VELIS and 18 % BSC-DREAMS8b). At the ground, VELIS
mation about the spatial variability of Saharan dust clouds. retrieves dust presence on about 17.5% of the days, while
According to Fig. 1, the shorter averaging time employed BSC-DREAMS8Db forecasts it on 13 %. In both the VELIS and
in this analysis tends to provide a higher value of the back-BSC-DREAMS8Db extinction statistics, the centre of mass of
ground PMg load with respect to EC (2011), and conse- the extinction profile is found at approximately 3 km altitude.
quently a lower (by about 2.5 ugm in this dataset), more Itis found from the Lidar record that the altitude seasonal se-
conservative estimate of the increase due to each dust advequence (DJF, MAM, JJA, SON) of this centre of mass is 2.6,
tion. Overall, choice of the averaging time to evaluate “back-3.2, 3.2 and 2.8 km, respectively.
ground” PMyg loads is found to be an important condition  Average extinction values reported in Fig. 2d and e are re-
in the estimate of the increase due to Saharan dust advederred to the overall advections frequency (28.6 %), regard-
tions. Meteorological parameters as well as other modulatorgess of the altitude range of each single event (i.e., for an
of PMjg loads as the weekly cycle, should definitely be con- event occurring at level X but not at level Y, in the averag-
sidered in such evaluation process. ing procedure level Y has a weight of zero). To evaluate the
average extinction of Saharan plumes we need to refer to the
actual frequency of dust layers at the level addressed (Fig. 2a
and b). The multiplying conversion factors (ratios between
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Table 2. Percent of advection days, ground contacts, average
532 nm optical depth and relevant standard deviation of Saharan

a) VELIS frequency of dust events b) DREAM frequency of dust events

25 5228; dust events as observed by the VELIS Lidar and forecast by BSC-
£ 20 o DREAMSD.

| I 2001-2004

2001 2002 2003 2004 AVG

% Dust Days

¢) VELIS mean ext. during dust events || d) DREAM mean ext. during dust events Lidar 256 25.0 255 38.3 28.6
* | BSC-DREAMSb 259 26.0 249 26.8 2509
25
< 20 % Ground Dust
=
A Lidar 15.6 147 156 24.0 175
° BSC-DREAMS8b 126 134 13.1 13.1 13.0
5
0 Avg. dust AOD
0 2 4 6 8 10 0 2 4 6 8 10 12
kmAGL KmAGL Lidar 0.09 0.13 0.15 0.13 0.13
BSC-DREAMS8b 0.08 0.10 0.08 0.07 0.08

Fig. 2. Vertical distribution of Saharan dust layers properties as ob-
served by VELIS (left column) and forecast by BSC-DREAM8b  St.dev.dust AOD

(rtl?ht cto_lumn), nlet_stp?jctlt\)/gly:greqléency of Sa:jhartan (:I_ustt_occurreﬁr_lces Lidar 007 010 017 010 011
atleas |rl(1)nea itude bi¢a, b) and average dust extinction coeffi- BSC-DREAMSD 009 011 009 008 0.09
cient (km -+ at 532 nm) per yed(c, d).

the overall advections frequency (28.6 %) and the altitude-of the order of 0.13:0.11. Considering again an average ex-
dependent frequency of Fig. 2a), allow to obtain the averagainction coefficient of 0.03 km! this converts (Barnaba and
extinction of Saharan layers as retrieved by VELIS. TheseGobbi, 2004) into an average column load of981 pg n12
indicate typical dust event extinction to be rather constantin the VELIS statistics (TSP) and of 5966 pgnt2 in the
(0.0294 0.023 knT1) up to 6 km altitude. BSC-DREAMSD one.
By employing the dust extinction-to-mass conversion of
Barnaba and Gobbi (2004) for 2.5gcfdensity parti- 3.2 The impact of dust on PM records
cles, we obtain an extinction to mass ratio of the order of
1.36n? g~ L. This factor would lead to an average mass con-This analysis is performed using as indicators of dust pres-
tent during the events of the order of 2218 ug nt3. This ence at the ground either the union of the VELIS and the
is the typical increase in total PM (TSP) expected to occurBSC-DREAMS8b records or the VELIS record alone. The
over the 62 days/year when Saharan advections are observdidst choice allows for a safe exclusion of dust-affected days
at the ground level bin by the VELIS Lidar (Fig. 2a). The in the computation of non-dust PM loads, while the second
same computation applied to the BSC-DREAMBS8Db extinction fosters a “verified” assessment of dust presence when evalu-
record would lead to an average increase of 12 pig.ron ating the PMgp changes.
a yearly basis, the dust contribution to PM (TSP) evaluated Table 3 reports the statistics of Rylchanges observed
by VELIS and BSC-DREAMSb is of 3.9 and 1.6 ug re- during dust episodes at the three air quality stations ad-
spectively. dressed in this work. Observations cover at least 91 % of the
On average, the Saharan advections observed by the ISAG-417 days enclosed in the 2001-2004 period (line 1). Union
CNR Lidar over the four-year period lasted 3 days. About of the BSC-DREAM8b and VELIS dust records increases
35 % of the events lasted one day and 10 % lasted over 5 daythe frequency of dust presence at the ground to 20-21 % (line
Only 0.5% (i.e., once every two years) reached the duratior8). The average PM levels (line 4) and the number of ex-
of two weeks. ceedances of the 50 pgmlimit (line 7) at the three stations
Table 2 summarises the statistical properties of the dusteflect their type. The yearly average increase due to Saharan
advections as retrieved by means of VELIS and forecast byadvections (line 6) ranges between 1.9 and 2.5 pg, mght
BSC-DREAMBS8D in terms of percent of days in which dust within the range estimated by means of the VELIS profiles
was detected at any level or at ground level, plus averagand BSC-DREAMS8b forecasts. In this respect, it is important
and standard deviation of dust optical depth (532 nm AOD).to remark that the estimates based on extinction data concern
Overall, the data show that some 100 days per year wer¢he TSP (total suspended particles) rather thand?&hd that
affected by Saharan dust transiting over Rome, while dusin the presence of Saharan dust in an urban Mediterranean
reached the ground on about 60 days per year. In terms ofirea, PMg is expected to be of the order of 50 % of TSP
AOD, the typical optical depth during these Saharan events ige.g., Querol et al., 2001). After correcting for such a factor,
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Table 3. Four year statistics (2001-2004) of Rfchanges observed during dust episodes at the three air quality stations of Magna Grecia
(MG), Villa Ada (VA) and Fontechiari (FC).

# Variable MG VA FC

1 Observation Days (max 1417) 1320 1288 1345
2 Days with dust at ground (VELESBSC-DREAMS8b) 268 267 287

3 % Days with ground dust (VELISBSC-DREAMS8b) 20 21 21

4 Year-Average PNy (Lg m‘3) 43.8 28.8 25.1

5  Year-Average PN without dust (ug m3) 414 265 232

6  YearsPMygin dust (ugnr3) 24 22 19

7 Avg. number of PMgexceedances yt 107.0 309 10.0

8  Avg. number of dust-caused Rijlexceedances yt 27.1 9.4 4.3

(EU Guidelines results in brackets) 149 (7.1) (5.2

9 % Of dust-caused exceedances 25 30 43
10  AveragesPMyg in dust (ug nr3) 135 103 9.2
11  Standard Deviation (ugTH¥) 115 117 98
12 Number oPM;0<0 (VELIS+BSC-DREAMSb) 6 6 7
13 Number of§PM1<0 (VELIS) 0 0 2

14 AveragesPMiq (VELIS) (ug m*3) 164 147 110
15 Standard Deviation (ugT?) 9.9 122 100

both Lidar-derived mean event load (22 pghirSP), and The average PM change ascribed to the events of the
yearly average (3.9 ug™ TSP) show very good agreement VELIS+BSC-DREAMS8b dataset is reported at line 10 of
with the results reported at lines 10 and 6 of Table 3. Table 3. The relevant seasonal frequency distribution of the
Magna Grecia is the site exceeding both the maxi-PMjgchange for the two city stations of MG and VA is plot-
mum PMy yearly average (40 ugmi) and number of ex- ted in Fig. 3. These results show the quite large variability of
ceedances (35) established by the EU. Even though Sah#&oth event number and dust contributions tosgMccurring
ran advections are responsible of 26 % of these exceedancesong the year. In particular, they show: (1) maximum loads
(line 9), their subtraction would not reduce the number below(of the order of 15 ug m®) to occur during the transition sea-
the threshold of 35. Conversely, subtracting the dust contri-sons, a slightly lower contribution in winter and rather low
bution to yearly PMg mass brings this average close to the average loads (of the order of 10 ug® in summer, and
40 ug n12 limit. The other two sites (VA and FC) do not sur- (2) the presence of negative changes, i.e., averagg B
pass EU yearly limits. It is however important to notice that lower during the events with respect to previous days. While
between 32 % and 43 % of the exceedances at these locatiotise summertime minimum loads are attributable to a larger
is attributable to Saharan advections. dilution allowed by the deeper boundary layer, the latter point
Line 8 reports the number of dust-induced exceedancess explained by the disappearing of negative loads (Table 3,
per year obtained according to the present analysis and tbne 13 with respect to line 12), when the VELIS record
the EU guidelines (in brackets). As expected by the mete-alone is employed to assess the occurrence of dust advection
orological analysis of Sect. 2.4, the number of exceedancesvents. Erroneous advections forecast and/or rainout effects
at the reference station is larger in the case of EU guidelinesare the likely cause of such conditions. In this Lidar frame-
derived data. However, when the city number of exceedancework, PMyg increases per event are 20—40 % larger (Table 3,
is computed with reference to such rural background statiodine 14) while the average yearly increase remains of the or-
(i.e., according to the EU guidelines) these are lower (7.1 %der of 2.7 ug m? due to the lower frequency of the events in
vs. 9.9 % at VA) and much lower (14.9 % vs. 29.3 % at MG) this record. Unfortunately, VELIS observations cover only
than in our approach. Such mismatch is likely due to a num-50 % of the time period and cannot be used for air quality
ber of processes as: the spatial inhomogeneity of dust loadgurposes as indicated by the EU Guidelines (EC, 2011).
and of relevant wet and dry removal, traffic resuspension, dif- As mentioned, results in this section were obtained ap-
ferent dust entrainment between rural and urban boundarplying the “local background method”. This was shown in
layers. Study of these processes is beyond the scope of thBect. 2.4 to be better suited than the “regional background
paper, but is being addressed within our DIAPASON projectone to our central Mediterranean region. However, it is
(http://www.diapason-life.duWe however believe all these worth mentioning that for the regional background station
effects support the use of local stations rather than a singleof Fontechiari, use of the two averaging methods brings to
remote one to evaluate PM loads attributable to dust advecestimates of the impact of Saharan dustiglbads within
tion events. 20 % from each other (9.2 vs. 10.8 pgfnrespectively).
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35 Statistics of Lidar-estimated dust mass concentrations (re-
c trievals based on extinction-to-mass conversion factors re-
3 30 ported in Barnaba and Gobbi, 2004), resulted to be in very
§25, good agree_:me_nt with t_he (ground-bas_ed) 18 Mtatistics
hat when considering a typical P/ TSP ratio of 0.5, as re-
g 20 ported for Saharan advections in Barcelona by Querol et
8 151 al. (2001). Furthermore, it was shown that a better assess-
S ment of transport events as allowed by the polarization Li-
g 107 dar measurements tends to increase the amount @f BM
8 s tributable to the Saharan advection, avoiding the retrieval
© of negative PMg changes observed when employing model
0—=0 0 10 20 30 40 50 80 forecasts alone. In this respect, the choice of the reference
SPM10 averaging period and accounting for meteorology (in partic-

ular rainy days) were shown to be central steps for the good
Fig. 3. Seasonal frequency distribution of all R}ylchanges associ- assessment of advected dust loads.
ated to Saharan advectior#®(V]) at the two Rome stations of MG The study also indicated that the altitude and time match-
and VA in the period 2001-2004. Colour thick lines at the top of the ing between the model forecasts and the Lidar observations
plots specify the seasonal average, the black one representing the.e ather good. In fact, Lidar observations require model
yearly average. analysis to infer sources of the observed aerosols. At the
same time, model forecasts require observations to confirm
the actual presence of dust at the location under study. There-
fore, synergy between the two techniques is demonstrated to

A four-year (2001-2004) database of RjVmass concen- be very important to correctly assess the contribution of this
trations, together with modelled and observed Saharan dudtatural aerosol to PM levels. .
advection events have been used to evaluate the impact of Main results of this work were obtained by means of a
Saharan dust on the Rlyimass concentrations in the city res_earch-type polarization Lidar coupled with Ed_\bbser-
of Rome, Italy. In this period, BSC-DREAM8b model fore- Vations and BSC-DREAM8b model forgcasts. This approach
casts and Lidar observations indicate that advection of Sahd$ at the core of the EC LIFE 2010 project “DIAPASON”
ran dust crossed over Rome on 26 % and 29 % of the dayiwww.dmpason-Ilfe.t.a).la}med.at dem_onstratmg the benefit
respectively. These events occurred mostly between MarcRf automated, polarization Lidar-Ceilometers, partly devel-
and November. Advection to the ground, possibly affecting®Ped within the project, at proving the effects of Saharan
the PMjo concentrations, was evaluated to take place on 13ust advections (and more in general of long-range aerosol
and 18 % of the days, respectively. advections) on European PM loads.

Analysis of the meteorological parameters and of{PM
loads accompanying Saharan advections to the Rome regio
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