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Abstract—We present a preliminary study of some optical prop- The local variability in aerosol optical properties is especially
erties of atmospheric aerosols over the area of Valencia, Spain, adramatic when urban areas are considered. Large urban areas
coastal Mediterranean city. Measurements of spectral directirra- 5re often sources of extremely heavy pollution, affecting both
diance in the 300-1100 nm range were taken simultaneously at - . : . .
three sites: rural-continental, rural-coastal, and urban-coastal, all the radiation balance gnd the climate for extensive regions
located within a 50 km radius of the city of Valencia. The irradi- around them. Comparison of the observed aerosol optical
ance measurements were obtained using three Li-cor 1800 spec-thickness with that calculated by the LOWTRAN7 code [31]
troradiometers provided with radiance limiting tubes with field of  in the Beijing area illustrates that the model overestimates
views (FOVs) of 4.7. The measurements were made under clear the aerosol optical thickness (AOT) by up to 65% at 550 nm
sky conditions during a field campaign carried out in the summer at high visibility levels and underestimates by about 35%
of 1998. In order to avoid the uncertainties associated with the de- P . .
termination of the water vapor content and the other atmospheric f"‘t IOW visibility [32]. Utrillas et al. [57]’_ from eXpe”me_mal
constituents, the analysis of the spectral aerosol optical thickness ifradiance measurements, have obtained for Valencia AOT
(AOT) values was limited to the 400-670 nm spectral band. From values at 500 nm that present deviations of at least 15% of
the values of the spectral AOT, both the Angstrom coefficients and the RMSD value with respect to the boundary layer aerosol
the aerosol size distributions were obtained. The fesults show the models implemented in the LOWTRAN? [31] and the ZD-LOA
great dependence of the optical aerosol characteristic on the direc- o :
tion of the prevailing winds (maritime or continental) in this area. [16], [17] RTCS'_Th.FT‘SG results indicate that in _mar_ly_cas_,es,

o : o the temporal variability of the aerosols makes discrimination
Index Terms—Aerosols, Angstrom coefficients, size distribution, between some of the aerosol models implemented in the RTCs
spectral optical thickness. e
very difficult partly because the aerosol models used are not
the most appropriate for the types of aerosols actually present.
I. INTRODUCTION Indeed, the aerosols are usually best represented by some
ADIATIVE transfer codes (RTCs) and forcing radiativecombmat'on of various standard pre's [55]. i
For these reasons, the determination of the physical and op-

models (FRMs), which have been developed to assess cli i . X . X
mate change, incorporate algorithms based on standard aer%g properties of aerosols in locations with different geographic

models that are usually representative of the aerosols’ radiat] ra_ctenstlcs and Sl:ijeICt to dlff(Tl’eﬂt mle:te?rr]ologmal (f:on(tjk']'
characteristics at large scales but do not necessarily faithfuﬁ NS IS necessary and aiways weicome. Furthermore, for the

reproduce the conditions at a particular location. Furthermof& "V generatlon_ of satellltgs [30], [.11] aerosol mod(_als that link
erosol properties to readily satellite-measured variable such as

although the seasonal mean aerosol optical properties that afie(stl' are desirable [45]. At the present, aerosol characteristics

climate and remotg sensing applications are remarka}bly consé|sh be obtained easily through the observation of the spectral
tent, day to day variations are large. Season and location are o

partial predictors of aerosol optical properties, while the varig- | o tinction method Currently the AERONET network [23]
tion in aerosol size, for example, can vary significantly frorr}hi . '

. . s is based on irradiance and sky radiance measurements in
day to day at a single location [22], [45]. These day-to-day Valkight spectral bands, and filled the gap left after previous tur-
ations stem from meteorological variability rather than dire

. . (t‘fﬁdity measurement networks whose results had been widely
changes in the strength of aerosol sources. In particular the r Sastioned [12], [60] were ended

idence time of a particular air mass and the duration of stagnal
conditions will determine aerosol optical properties [46].

T, which can be reliably determined using the passive spec-

tI'he AQT values over large urban areas are highly variable

[33], [59], [32], [36], and this variability is particularly pro-

nounced at coastal sites which are subject to changing land-sea
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In this paper, we present the results of a preliminary analysis 1407 20
of some aerosol optical characteristics over the area of Valencia 7 LICOR-RS-S53/LICOR-RS-415

and its surroundings, an urban center on the Mediterranean = 1'20": """ LICOR-RS-533/LICOR-RS-312
(eastern) coast of the Iberian Peninsula with more than one _= 00 U 1.5
million inhabitants. We limited the study to the spectral AOT ' WW

and the aerosol size distribution functions. The results are
representative of typical synoptic summer conditions in this
region, and were obtained by measuring solar irradiance at
ground level using spectroradiometers. Measurements were
taken at three different locations: 1) the city center, 2) a rural
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Fig. 1. Spectral directirradiance at normal incidence obtained simultaneously

II. MEASUREMENT CAMPAIGN AND METHODOLOGY for the three Li-cor spectroradiometers on 06/18/98 (optical mass 1.4).

The city of Valencia is located on the Spanish east coast
(39.5N, 0.5°W). The metropolitan area has a population of The Li-cor spectroradiometers used in this work have serial
1.3 million inhabitants and includes a number of metallurgicahumbers: RS-312 (Universitat de Barcelona), RS-415 (Univer-
wood and paper processing, and chemical industries. Téieat de Valencia, Valencia, Spain), and RS-553 (Universidad
climate is Mediterranean with anticyclonic conditions an@olitecnica de Valencia, Valencia, Spain). They were calibrated
persistently high solar radiation during the summer monthsefore and after the measurement campaign using an absolute
The accumulated insolation registered yearly at Valencia dalibration lamp (Li-cor optical radiation calibrator) in the
greater than 2600 h according to the last reference year [3hermodynamics Department, University of Valencia. Before
Coastal mountain ranges isolate the Valencia basin, formingh& measurement campaign, simultaneous measurements were
semicircle with a radius of approximately 25 km. The coastatade with all three spectroradiometers to establish whether
ranges act as a natural barrier to the sea breeze transportiaehs necessary to perform any corrections between them.
maritime aerosols could be gradually transformed by the urb8hown in Fig. 1, by way of example, are the spectral curves
environment [58], [41]. registered for an optical air mass of 1.4. The deviations between

Three observation sites were selected for the experimerttad measurements of the three instruments in the visible range,
measurements. The first, in the city center, is exposed to tivbich was the range used in this work, were very small and
aerosols emitted in the urban area and those coming from Hieays less than the 3% precision given by these instruments
sea. A second was set up at 30 km to the south of the centefarfthis spectral range. The rest of the measurements made to
the city in the Albufera Natural Park, close to the sea, free obmpare the instruments presented similarly small deviations.
buildings and, presumably outside the city’s influence since theBefore starting the measurement campaign, a series of con-
prevailing winds are southeasterly. The third measurement pdirti measurements were made simultaneously at different points
was at 50 km northwest of the city, in the outskirts of Chulilla, an the city of Valencia in order to establish whether the loca-
small town at 600 m above sea level with no industry apart frotion within the city could affect the measurements’ represen-
rural tourism. tativity. This exercise showed that the differences between the

Spectral solar irradiance measurements were obtained usimgasurements at different points were negligible. In these cir-
three Li-cor 1800 spectroradiometers. The Li-cor 1800 is a sp@tinstances, and to facilitate the measurements, the roof of the
troradiometer provided with a simple monochromator that dipper School of Industrial Engineering of the Polytechnic Uni-
lows us to obtain measurements in the range 300—1100 nm withrsity of Valencia, located on the edge of the city and with a
a FWHM of 6 nm approximately and a wavelength step of 1 nrhorizon free of obstacles, was used. Fig. 2 compares spectral
For the directirradiance measurements, a radiance-limiting tutigves for direct irradiance obtained simultaneously at this point
(collimator) was used with a FOV of £.7Several papers haveand at one of the busiest traffic junctions in the center of the city.
studied the sensitivity of this model of spectroradiometer which The field measurement campaign ran from June 22, 1998 to
varies depending on the spectral range considered [48], [400ly 10, 1998. The measurements were taken every half-hour
[33], [8]. The greatest errors (around 20%) correspond to thed simultaneously at the three sites from 7:00 to 16:00 solar
UV region, due to the greater calibration error in this band anithe. Only measurements corresponding to the six days in this
the degradation of the Teflon diffuser. In the visible and near-iperiod for which clear skies were found throughout the day for
frared regions (400-1000 nm) the measurement error, goveradidhree sites have been considered in the analysis. The typical
mainly by the calibration uncertainty, is 5%, while in the rangsynoptic weather pattern for the area of Valencia in summer
between 1000 and 1100 nm the error can increase significanflycharacterized by a combination of high pressure due to the
because of the sensitivity of the spectroradiometer to tempefaores anticyclone and a relative thermal low originating in
ture. North Africa. This produces light easterly and southeasterly
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The total atmospheric optical thickness, was determined
from the spectral irradiance measuremefits,, using the
Bouger—Lambert—-Beer exponential law

Enx = (1/0%)Eox exp(—Tram) 1)

where

0 mean relative Earth—Sun distance;

Eyy incident solar flux at the top of the atmosphere mea-

sured at the mean Earth—Sun distance;

m  relative optical air mass.
Although our spectral measurements range from 300 nm
to 1100 nm, in this work, we have limited the study of the
spectral AOT to the 400—-670 nm band, where the only gaseous
components that show nonnegligible absorption are ozone
(Chappuis band) and NOUSsing this band allows us to ignore
uncertainties in the absorption characteristics and column
amounts of other molecules, particularly ®.

Fig. 2. Spectral direct irradiance at normal incidence obtained at the center ofFor the 400—670 nm band the total optical thickness becomes
the city of Valencia and on the periphery of the urban area on February 12, 1998

(optical mass 1.7).
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TTA = TRA T Tax + Tox + TN A- 2
where
TRA molecular scattering optical thickness
(Rayleigh scattering);
Tal AQOT;

Tox andTa optical thickness due to £Oand NG ab-
sorption, respectively.

Once the total atmospheric optical thickness has been deter-
mined, the values of the AOT,, may be obtained by elim-
inating from 1, the contributions due to Rayleigh scattering
and to absorption by the other atmospheric components.

Therr)y values were determined by fitting experimental irra-
diance data to optical mass using equation (1) with thEpf
values proposed by the SMARTS2 code [20] and the empirical
expression for the air mass suggested by Kasten and Young [25].
The Ey, spectral data have been smoothed to the field of view
and bandpass of our spectroradiometer employing the Gaussian

Fig. 3. Daily evolution of the integrated direct irradiance at normal indde”f&pproximation.

for July 6, 1998 (- - -) and July 3, 1998 (—) in Valencia.

In order to obtain the AOT;,, the ozone absorption coeffi-
cients from Anderson and Mauersberger [1] were assumed. The

winds with relative humidity of over 50%, which cause hazpzone content was measured in Madrid (350 km from Valencia)
mornings and occasional cloud formation in the late afternocamd Murcia (250 km from Valencia) by the INM (National Me-
Five of the six clear days were typical in this respect. Howeorological Institute, personal communication) using Brewer
ever the sixth day presented very different conditions with spectroradiometers. NOvas modeled using absorption coef-
continental northwesterly wind, which cleaned the atmosphefigjents from Davidsoret al. [9] in the 400-600 nm and from
and very low values of relative humidity. For this reason, w8chneideet al.[52] in the 600—-670 nm band. For N@ontent,
have chosen to present here the results for just two days: 1) the reference atmosphere proposed by the LOWTRAN7 code
atypical day, July 3, 1998; and 2) another day soon afterwar{i3]] has been considered, specifically, the effective path length
July 6, 1998, representative of the prevailing conditions in tteg NO- for midlatitude summer. For Rayleigh scattering the re-
Valencia area in the summer. The difference in sky clearnesntly proposed approximation of Bodhaieteal. [4] has been
between these two days can be seen in Fig. 3, in which thged.

daily evolution of integrated direct normal irradiance is shown The main error sources in the AOT values are the air mass
for both days. These irradiance values were registered usthgermination, the accuracy characterization of the transmission
an Eppley NIP pyrheliometer at the automatic solar radiatiaurve of the interference filters, the circumsolar irradiance (due
station of the Upper School of Industrial Engineering. Th® the finite FOV), and the solar irradiance at the top of the
figure shows that on the July 3, 1998 the direct irradiance wasmosphere if the Langley plots are used [10]. Taking into ac-

about a 20% higher than for the July 6, 1998.

count these error sources and the works of Russall[49] and
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TABLE |
AEROSOLOPTICAL THICKNESS (7,,) FORJULY 6, 1998. 1) \ALENCIA CiTY CENTER; 2) ALBUFERA NATURAL PARK; 3) AND CHULILLA

Solar  Humidity Site 1 Site 2 Site 3

Time (%) 1,(400nm) 1, (550 nm) 7, (670 nm) | T, (400 nm) 7, (550 nm) 71, (670 nm)| T, (400nm) 1, (550nm) 7, (670nm)
7:30 58.0 0.50 0.39 0.37 0.46 0.38 0.36 0.37 0.33 0.33
8:00 52.5 0.47 0.39 0.37 0.45 0.38 0.36 036 0.33 0.33
8:30 50.2 0.49 0.40 0.39 0.53 0.42 0.39 0.37 0.34 0.34
9:00 52.9 0.46 037 0.37 0.46 0.38 0.37 0.39 0.35 0.35
9:30 55.1 0.47 0.38 0.37 0.45 0.37 0.37 0.42 0.38 0.38
10:00 552 0.50 0.40 0.39 0.44 037 0.36 0.42 0.38 0.38
10:30 63.0 0.48 0.40 0.39 0.44 0.38 0.37 0.42 0.38 0.39
11:00 60.0 0.44 0.36 0.36 0.46 0.39 0.38 0.41 0.36 0.36
11:30 61.0 0.43 0.35 0.34 0.41 0.32 0.32 0.40 0.34 0.34
12:00 63.7 0.39 0.30 0.30 0.40 0.32 0.32 0.38 031 031
12:30 52.9 0.44 032 0.30 0.39 0.32 032 0.39 0.32 0.31
13:00 56.5 0.37 0.29 0.29 0.38 0.30 0.30 0.47 0.36 0.34
13:30 57.6 0.37 0.29 0.29 0.38 0.30 0.30 0.47 0.36 0.34
14:00 58.2 0.38 0.30 0.29 0.39 031 031 0.48 0.36 0.34
14:30 58.4 0.38 0.30 0.28 0.40 0.32 0.32 0.43 0.34 032
15:00 62.0 0.39 031 0.30 0.42 0.34 0.32 0.39 0.31 0.30
15:30 65.0 0.40 031 0.30 0.42 0.34 0.32 0.38 0.30 0.29
16:00 65.0 0.41 032 0.30 0.40 0.32 031 0.38 031 0.29

TABLE I
AEROSOLOPTICAL THICKNESS(7,) FORJULY 3, 1998. 1) \ALENCIA CITY CENTER 2) ALBUFERA NATURAL PARK; AND 3) CHULILLA

Solar  Humidity Site 1 Site 2 Site 3

Time (%) T, (400nm) 1, 550nm) 7. (670nm) | 1. (400nm) 1, 550nm) 1, (670nm) | 1. (400nm) 1, 550nm) 1, (670nm)
7:30 33.0 0.10 0.07 0.07 0.11 0.08 0.08 0.05 0.04 0.05
8:00 332 0.14 0.08 0.08 0.11 0.07 0.08 0.06 0.05 0.06
8:30 33.2 0.11 0.07 0.08 0.11 0.07 0.08 0.06 0.05 0.06
9:00 29.0 0.10 0.06 0.07 0.12 0.08 0.09 0.06 0.05 0.06
9:30 26.6 0.10 0.06 0.07 0.14 0.10 0.11 0.07 0.05 0.07
10:00 253 0.10 0.07 0.09 0.15 0.11 0.11 0.07 0.05 0.07
10:30 24.0 0.12 0.07 0.08 0.13 0.09 0.10 0.07 0.05 0.07
11:00 22.1 0.13 0.09 0.10 0.13 0.09 0.09 0.07 0.05 0.07
11:30 22.6 0.15 0.10 0.12 0.14 0.10 0.10 0.07 0.06 0.07
12:00 232 0.17 0.10 0.10 0.14 0.10 0.12 0.08 0.06 0.08
12:30 27.5 0.17 0.11 0.11 0.14 0.09 0.10 0.07 0.06 0.08
13:00 43.0 0.17 0.10 0.11 0.16 0.12 0.13 0.09 0.07 0.09
13:30 46.7 0.15 0.10 0.11 0.14 0.10 0.10 0.09 0.07 0.08
14:00 48.1 0.14 0.09 0.09 0.16 0.12 0.13 0.08 0.06 0.08
14:30 48.6 0.14 0.09 0.10 0.15 0.12 0.13 0.08 0.06 0.07
15:00 52.4 0.14 0.09 0.09 0.13 0.09 0.10 0.07 0.06 0.07
15:30 52.7 0.14 0.09 0.09 0.13 0.09 0.09 0.09 0.07 0.08
16:00 503 0.14 0.09 0.09 0.13 0.10 0.10 0.12 0.10 0.10

Duttonet al.[12], Utrillas [56] developed a simplified methodat normal incidence registered on July 3, 1998 and July 6, 1998
to estimate the error associated to the AOT values retrieval franthe three measurement sites. In the following these sites are
spectral irradiance measurements. The error values associagéelred to by a number: 1) Valencia City Center (Upper School
to 77 gives approximately of Industrial Engineering); 2) Albufera Natural Park (Center for
the Protection and Study of the Natural Environment); and 3)
1 [e(EnN) Chulilla (Mountain Hostel). Tables | (July 6, 1998) and Il (July
e(rra) = m < E,. + 0001) ’ (3) 3, 1998) show the evolution of the aerosol optical thickness for
the measurement sites for the two days. In order to simplify their
The e(rrx) values obtained from (3) are similar to those prepresentation the results are shown for just three selected wave-
sented by Kaufmaat al.[26], who obtain values between 0.0llengths, 400 nm, 550 nm, and 670 nm. The 550 nm has been
and 0.02. chosen because it is usually taken as a reference wavelength
when using sun photometers. The 400 nm and 670 nm wave-
IIl. RESULTS AND DISCUSSION length are the limits of the measurement ranges used in the anal-
ysis. The tables also show the values of relative humidity taken
atthe measurementsite 1, which are not strictly applicable to the
The results presented here are those obtained by the metbtiaer two stations. The values for sea level pressure, not shown
described above from experimental values of direct irradiantethe tables, were 1011 mb for July 6, 1998, and 1015 mb for

A. Spectral Aerosol Optical Thickness
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July 3, 1998. From the AOT values and based on the classl: Parameterization of the AOT. Angstrom Coefficients

cation of Lorenteet al. [33], July 3, 1998 was a day with Very 14p1e5 | and I give only a partial vision of the spectral charac-

clear air (AOT at 500 nm less than 0.2). Similarly, July 6, 1998 istics of the AOT for July 3, 1998 and July 6, 1998 since they
was a day with moderately turbid air (AOT at 500 nm betweegh, include the values for 3 wavelengths. Fig. 4 gives more in-
0.35 and 0.45)_. The latter is the most frequent situation in & ation on the wavelength dependence of AOT, showing typ-
study area during summer [42]. . ical curves of spectral AOT for the 400-670 nm range for 9:00,
Tables | and Il show that big differences in the AOT valuegy.og, and 15:00 TST. Two features are clearly seen: a) the AOT
were found for the two days. The wind direction, notgivenin the, e for July 6, 1998 (maritime wind) are far higher that those
tables, may explain most of the differences in t.he AOT valugs July 3, 1998 (continental wind); b) the shape of the curves
fqr these days. For July 6,’ ,1998 (Table 1) the wind at the three AqT \ersus wavelength is very different from one day to the
sites was southeast (maritime) throughout the day. Except fﬂﬁer, with a much more pronounced gradient for July 6, 1998

July 3, 1998, these are the same conditions observed on EMfiat indicates the presence of different types of aerosols.
other day of the measurement campaign. As has already beeW

i . N ) e have analyzed the dependence of the AOT with the
stated, these wind conditions are typical for the region arou%velength employing the power law relationship proposed by
Valencia during the summer. It can be observed that Statio,&ﬁgstrom 21, [3]

1 and 2 present very similar results, both for the value of the '
AOT and for its evolution. It would seem to be difficult, based Tar = A0 (4)

solely on an analysis of the AOT, to distinguish between the

aerosol characteristics over the city center site 1 and over thfere ) is the wavelength expressed in micrometers. The tur-

sri]te 2 I?]catedhnear the sea. :\'he AOT values showasllowr:jec:(eaaﬁy coefficient 3 is the aerosols’ extinction coefficient cor-
t roug c_)utt e day to reach a minimum around 14'(,)0 be @sponding to the Lm wavelength. This coefficient is related
a slight increase later. This pattern could be explained by

f . ist The humidi | ithouah hi the amount of aerosols present in the atmosphere, and it is
presence of morning mist. The humidity values, althoug IgWidely used in meteorological observations to characterize the

0 : "
never p|>ass 6I5d/0, stoba changte ('jn éze c|:_|omp05|tl?r:1 of t::e u.[j%aébree of air pollution or turbidity. The wavelength exponent
aerosols would not be expected [24]. However these humi lgyrelated to the aerosols’ size distribution, and is a first rough

values are surf val . Not information concerning moi . .
surface vajues. Not information concerning Osuggsessmentofthe aerosol characteristics, for instance, the effec-

aloft is available, and c_)f.course AQT is a total column MeasufGe radius. According Higurashi and Nakajima [21] the charac-
that depends on humidity through the whole column. The in- .
) ; - : o teristic dependence of the Angstrom exponent on the aerosol
crease in relative humidity could explain the slight increase In_,. X ; i
ogtlcal thickness is caused by a correlation between the accu-

optical thickness that is detected in these days for the last me ¥ 2tion mode and the large coarse particle mode attributed to
surements of the afternoon. For point number 3, the daily evo u-iI or ash particles 9 P

tion of the AOT values is different, reaching a maximum in thgoN thel it h bering that the Anast f
middle of the day. It was impossible to establish any hypothesis evertheless, 11s worth remembering that the Angstrom for-

to explain this evolution in relation to the relative humidity sincgnula is only a convenient approximation, nqt necessarily valid
no measurements of this were available at the measurement &ffg" 2" extended spectral range. Our analysis has only_ been car-
for the days of the campaign. In general, we can conclude thigd Out for the 400-670 nm band and the results obtained may
there was little difference between the AOT values obtained f8Pt P& extrapolated to other spectral bands where the presence
the three locations and that, under these wind conditions, the P& Vater vapor and other atmospheric constituents may affect
sults for the metropolitan area of Valencia could be extrapolatdf€ results considerably. To obtain values:oand 5 we have
with a small margin of error, to a region with a 50 km radiudirectly ad_Jus'Fed (4_) for each of the series of spectral measure-
The presence of maritime winds seems to make the atmosph8Nts- This direct fit produces errors slightly lower that when a
conditions more uniform in this area at such a small scale. 109-1og fitis used for this spectral range [35]. Errors associated
For July 3, 1998 (Table Il) the wind measured in the rural sitfith @ andf values have been obtained by applying the propa-
3) was westerly (continental) for 24 hours. In the coastal sitg8tion error method to (4). The errors obtained in the determi-
(1 and 2), the wind was westerly from 0:00 h to 12:00 h whenf@tion of the turbidity coefficiens were about 0.03 and in the
veered slowly to the east. From 14:00 h, it continued in the e&ltermination of the wavelength exponentabout 0.07. The
direction to change brusquely once again at 19:00 hours towdfting parameters corresponding to maritime wind conditions
the north. This change in wind direction was not reflected in tHduly 6, 1998) give correlation coefficients)(that are reason-
AOT values. For sites 1 and 2, the AOT values were similar a@@!e for site 3 (0.65 to 0.95) and good for sites 1 (0.80 to 0.95)
noticeably less by about 30 to 50% for site 3. The westerly wirdthd 2 (0.80 to 0.95). However those corresponding to the conti-
caused a significant drop in the relative humidity and, in turiental wind conditions (July 3, 1998) are rather low, especially
exceptionally low AOT values at the three points. At the citfor site 3 (0.05 to 0.50).
center, the AOT values at 550 nm varied between 0.07 and 0.11The Angstrom parameters that work properly in a given wave-
which are similar to the lowest values found over the past fivength range might not be so appropriate in another [6], [7], [35].
years [36]. The continental wind cleans the sky over Valenclderefore, and given the curves shown in Fig. 4, we chose to
and does not permit the intrusion of aerosols from the sea. Thary out new independent adjustments for each of the spec-
effect persists even several hours after the wind had veered,ted subintervals, 400-550 nm and 550-670 nm. In the spec-
though the change of wind direction does lead to a rapid incredsa subinterval 400-550 nm the correlation coefficienjdgke
in relative humidity which rose from 27.5% to 45% at 13:00 hvalues within the ranges 0.93-0.98 (site 1), 0.91-0.98 (site 2),
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Fig.5. Daily evolution of the Angstrom turbidity coefficient) obtained from
measurements in the 400-550 nm spectral range. (—) Valencia City Center, July
6, 1998; (- -) Albufera Natural Park, July 6, 1998; (- - -) Chulilla, July 6, 1998;
(—) Valencia City Center, July 3, 1998;-() Albufera Natural Park, July 3,
1998; and { - -) Chulilla, July 3, 1998.
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Fig. 6. Daily evolution of the Angstrom exponenty)( obtained from
measurements in the 400-550 nm spectral range(—) Valencia City Center, July
6, 1998; (- -) Albufera Natural Park, July 6, 1998; (- - -) Chulilla, July 6, 1998;
(—) Valencia City Center, July 3, 1998;-() Albufera Natural Park, July 3,
1998; and { - -) Chulilla, July 3, 1998.

other hand, in the spectral subinterval 550-670 nm the correla-
tion coefficient ¢) values fall in the range 0.15-0.55 (site 1),
0.15-0.70 (site 2), and 0.05-0.65 (site 3) for July 6, 1998, and
0.05-0.45 (site 1), 0.05-0.25 (site 2), and 0.15-0.55 (site 3) for
July 3, 1998. These results indicate clearly that in the longer
wavelength range the correlations were much lower. This
agrees with the results of Reet al. [44], who have recently
demonstrated, using measurements made with a CIMEL 8 band
sunphotometer with the same spectral range as the LICOR
spectroradiometer, that the correlation coefficient between

Fig. 4. Spectral aerosol optical thickness in the 400-670 nm range at 9:amd the size parameters decreases rapidly as the wavelength
12:00, and 15:00 TST: (a) Valencia City Center; (b) Albufera Natural Park; anfterval used for computingx included Ionger Wavelengths.

(c) Chulilla.

When the analysis includes the higher wavelengths available
from the CIMEL there is no longer any statistically significant

and 0.90-0.98 (site 3) for July 6, 1998 (maritime wind condrelationship betweeny and the particle size parameters. In
tions), and 0.80-0.95 (site 1), 0.75-0.90 (site 2) and 0.70-0@6w of these results, we have analyzed only the curves in the
(site 3) for July 3, 1998 (continental wind conditions). On thé00-550 nm wavelength range. In this spectral range, for the



MARTINEZ-LOZANO et al. AEROSOL OPTICAL CHARACTERISTICS

TABLE Il

1579

COEFFICIENTS OF THESECOND-ORDER POLYNOMIAL In 7, = @g + a11n A 4 az(In )2 IN THE 400-670 nm BECTRAL RANGE FORJULY 6, 1998. 1)
VALENCIA CITY CENTER; 2) ALBUFERA NATURAL PARK; AND 3) CHULILLA

Solar Site 1 Site 2 Site 3

Time ap aj az r ag a ay I ap a) az r
7:30 -0.82 0.71 0.96 0.98 -0.84 0.63 0.76 0.95 -0.88 0.73 0.69 0.84
8:00 -0.75 0.89 1.00 0.96 -0.82 0.71 0.81 0.94 -0.85 0.85 0.79 0.83
8:30 -0.73 0.84 0.96 0.96 -0.81 0.57 0.85 0.97 -0.79 0.93 0.84 0.82
9:00 -0.66 1.22 1.21 0.94 -0.79 0.77 0.87 0.94 -0.75 0.96 0.88 0.85
9:30 -0.70 1.00 1.03 0.93 -0.74 0.93 0.95 0.91 -0.67 0.98 0.88 0.83
10:00 -0.66 1.05 1.12 0.95 -0.72 1.02 1.00 0.89 -0.65 1.03 0.94 0.85
10:30 -0.64 1.08 1.08 0.92 -0.71 0.97 0.95 0.88 -0.63 1.08 0.96 0.82
11:00 -0.68 1.23 1.19 0.90 -0.68 1.00 0.97 0.87 -0.68 1.13 1.04 0.86
11:30 -0.68 1.34 1.30 0.92 -0.78 1.28 1.27 0.90 -0.70 1.27 1.19 0.89
12:00 -0.74 1.62 1.55 0.92 -0.78 1.31 1.29 0.90 -0.80 1.33 1.31 0.92
12:30 -1.07 0.69 1.13 0.96 -0.81 1.19 1.15 0.87 -0.82 1.25 1.28 0.93
13:00 -0.78 1.60 1.53 0.91 -0.82 1.36 1.31 0.89 -0.84 0.99 1.24 0.97
13:30 -0.79 1.56 1.51 0.92 -0.84 1.26 124 0.89 -0.82 1.04 1.28 0.97
14:00 -0.82 1.46 1.45 0.93 -0.83 1.20 1.19 0.90 -0.87 0.89 1.19 0.97
14:30 -0.99 0.97 1.09 0.93 -0.83 1.13 1.16 0.91 -0.92 0.90 1.13 0.96
15:00 -0.87 1.26 132 0.94 -0.85 0.99 1.07 0.93 -0.94 1.04 1.20 0.96
15:30 -0.90 1.10 1.20 0.94 -0.87 0.93 1.01 0.93 -0.96 1.01 1.16 0.96
16:00 -0.96 0.95 1.13 0.96 -0.93 0.87 0.98 0.93 -1.00 0.87 1.05 0.96

TABLE IV
COEFFICIENTS OF THESECOND-ORDER POLYNOMIAL In 7, = ag + a1 1n A 4 az(In A)? IN THE 400-670 nm BECTRAL RANGE FORJULY 3, 1998. 1)
VALENCIA CITY CENTER, 2) ALBUFERA NATURAL PARK; AND 3) CHULILLA

Solar Site 1 Site 2 Site 3

Time ay a) a2 T ap a dy T ag a4 a r
730 -1.55 379 3.35 0.82 -1.60 3.07 2.67 0.76 -1.56 4.53 351 0.57
8:00 -1.56 319 3.06 0.91 -1.47 3.60 3.10 0.76 -1.42 4.62 3.63 0.61
830 -1.18 4.49 3.70 0.74 -1.43 3.69 3.15 0.73 -1.28 4.89 3.87 0.64
9:00 -1.17 4.79 3.98 0.73 -1.38 3.40 2.81 0.65 -1.12 5.34 4.19 0.63
9:30 -1.09 5.25 431 0.70 -1.34 2.88 243 0.69 -0.98 5.68 4.45 0.65
10:00 -0.57 6.15 4.77 0.70 -1.34 2.87 2.48 0.72 -0.94 5.71 4.49 0.65
10:30 -1.01 5.13 432 0.76 -1.32 3.14 2.58 0.59 -0.86 5.81 4.47 0.63
1100 -0.60 5.49 433 0.72 -1.31 3.40 2.85 0.63 -0.73 6.15 476 0.65
11:30 -0.69 4.74 3.78 0.73 -1.24 332 2.76 0.63 -0.78 592 4.59 0.64
12:00 -1.19 371 3.40 0.86 -1.09 3.47 277 0.60 -0.80 5.69 4.45 0.65
12:30 -1.11 3.64 3.25 0.84 -1.11 3.93 3.27 0.68 -0.81 5.62 435 0.64
13:00 -1.05 3.88 3.40 0.83 -1.05 3.14 2.48 0.58 -0.86 521 412 0.67
13:30 -0.99 3.99 3.30 0.72 -1.22 346 291 0.68 -0.94 5.05 4.01 0.67
14:00 -1.21 3.85 3.34 0.79 -1.13 2.87 2.28 0.58 -0.93 527 413 0.65
14:30 -1.11 3.99 3.40 0.79 -1.16 291 2.30 0.58 -1.09 4.90 3.85 0.63
15:00 -1.20 4.01 3.52 0.82 -1.29 3.35 2.80 0.68 -1.18 4.77 3.69 0.60
15:30 -133 348 3.09 0.82 -1.49 3.09 2.76 0.78 -1.37 3.89 3.18 0.68
16:00 -1.50 3.08 2.83 0.85 -1.46 2.69 228 0.68 -1.42 2.76 2.36 0.75

three measurement stations, the daily evolution of the turbiditime winds [50]. For site 3 the values afevolved more during
coefficients values (Fig. 5) varied between 0.18 and 0.30 fahe day passing from values close to 0.40 early in the morning
July 6, 1998 and between 0.02 and 0.08 for July 3, 1998. Roraround 0.80—0.90 in the afternoon. This seems to indicate a
average turbidity conditions they showed a similar evolutiochange in the aerosol characteristics present at this site with a
during the day, with a tendency to decrease in the afternodecrease in their size through the day until they reached values
in the case of maritime wind conditions. This coincides witBimilar to those found on the coast. One possible explanation
previous results obtained for the area of Valencia from meesuld be that there was fog or high morning clouds, but neither
surements of wide band solar radiation which show that theas seen during the measurement campaign. It makes sense that
morning turbidity values are higher than the afternoon onesoler morning temperatures increase relative humidity causing
[42]. larger particles. As the temperature increases during the day rel-
The daily evolution of the Angstrom exponentn this spec- ative humidity decreases and the same patrticles lose water and
tral range is shown in Fig. 6. Under maritime wind conditionshrink. Diurnal temperatures differences are more pronounced
(July 6, 1998) it can be seen that at the sites close to the cdakind than along the coast.
(1 and 2) the value ofy is fairly stable with values between Under continental wind conditions (July 3, 1998), the values
0.60 and 0.80 which suggests that the aerosol size distributmniv at the three measurement sites were noticeably higher than
remains more or less the same (at least the basic shape). foin¢he other days, when there were maritime winds, sometimes
observed values af are those of a coastal site subject to mahkigher by a factor of two. In these conditions, the average values
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TABLE V

VALENCIA CITY CENTER, 2) ALBUFERA NATURAL PARK; AND 3) CHULILLA

Solar Site 1 Site 2 Site 3

Time ag aj :%) r ag a ap r ag a a r
7:30 -1.11 -0.03 0.36 0.97 -1.11 -0.03 036 0.97 -1.13 0.09 0.30 0.93
8:00 -1.09 0.03 0.40 0.97 -1.09 0.03 0.40 0.97 -1.12 0.17 0.37 0.92
8:30 -1.20 -0.43 0.22 0.98 -1.20 -0.43 022 0.98 -1.04 033 0.47 0.90
9:00 -1.13 -0.07 0.35 0.96 -1.13 -0.07 0.35 0.96 -0.99 0.38 0.54 0.92
9:30 -1.15 -0.12 0.31 0.94 -1.15 -0.12 031 0.94 -0.93 0.36 0.51 0.91
10:00 -1.14 -0.03 0.35 0.93 -1.14 -0.03 035 0.93 -0.85 0.57 0.67 0.91
10:30 -1.11 -0.03 0.33 0.92 -1.11 -0.03 0.33 0.92 -0.85 0.55 0.64 0.89
11:00 -1.02 0.15 0.45 0.91 -1.02 0.15 0.45 0.91 -0.97 0.43 0.62 0.91
11:30 -1.28 0.03 0.49 0.93 -1.28 0.03 0.49 0.93 -1.00 0.53 0.75 0.93
12:00 -1.37 -0.16 0.38 093 -1.37 -0.16 0.38 0.93 -1.17 0.40 0.74 0.94
12:30 -1.35 -0.17 031 091 -1.35 -0.17 0.31 091 -1.15 0.44 0.79 0.95
13:00 -1.40 -0.09 041 093 -1.40 -0.09 041 0.93 -1.25 -0.03 0.60 0.98
13:30 -1.39 -0.10 0.40 0.93 -1.39 -0.10 0.40 0.93 -1.25 -0.02 0.62 0.98
14:00 -1.37 -0.16 0.35 0.94 -1.37 -0.16 0.35 0.94 -1.24 -0.03 0.63 0.98
14:30 -1.23 0.15 0.56 0.94 -1.23 0.15 0.56 0.94 -1.29 -0.03 0.55 0.97
15:00 -1.27 -0.05 0.43 0.95 -1.27 -0.05 0.43 0.95 -1.35 0.01 0.56 0.97
15:30 -1.25 -0.00 0.45 0.96 -1.25 -0.00 0.45 0.96 -1.34 0.07 0.58 0.97
16:00 -1.25 0.08 0.50 0.97 -1.25 0.08 0.50 0.97 -1.40 -0.14 043 0.98

TABLE VI

COEFFICIENTS OF THESECOND-ORDER POLYNOMIAL In 7,

= ao + a;InX + az(In )2 IN THE 400-550 nm BECTRAL RANGE FORJULY 3, 1998. 1)
VALENCIA CITY CENTER 2) ALBUFERA NATURAL PARK; AND 3) CHULILLA

Solar Site 1 Site 2 Site 3

Time ao ai ay r BN a a; T ag a a r
7:30 -2.90 0.45 1.31 0.93 -2.46 1.02 1.46 091 -2.86 1.38 1.61 0.74
8:00 -2.75 023 1.24 095 -2.40 1.42 1.83 0.90 -2.67 1.56 1.77 0.76
8:30 -1.87 2.96 2.87 0.88 -2.67 0.70 1.36 0.88 -2.56 1.72 1.93 0.77
9:00 -1.95 3.06 3.05 0.87 -2.41 0.95 1.36 0.82 -2.59 1.69 1.95 0.75
9:30 -2.23 2.57 2.77 0.84 -2.24 0.73 1.16 0.84 =221 2.68 2.65 0.76
10:00 -1.32 452 391 0.81 -2.40 0.29 0.93 0.85 -2.43 2.03 2.23 0.75
10:30 -1.86 322 3.27 0.87 -2.73 -0.30 0.48 0.77 -1.86 347 3.11 0.70
11:00 -1.23 4.12 3.62 0.84 -2.68 0.07 0.83 0.79 -2.13 2.74 2.69 0.72
11:30 -1.23 3.59 3.19 0.86 -2.89 -0.78 0.23 0.79 -1.98 3.04 2.88 0.73
12:00 -2.11 1.53 2.12 0.92 -2.37 0.34 0.88 0.76 -2.15 2.39 2.46 0.75
12:30 -1.98 1.55 2.01 091 -2.74 -0.10 0.79 0.82 -1.88 3.09 2.87 0.72
13:00 -1.93 1.77 2.16 0.91 -1.99 0.90 1.15 0.74 -1.78 3.06 2.89 0.79
13:30 -1.51 2.93 2.77 0.87 -2.65 -0.07 0.76 0.83 -2.14 2.13 2.26 0.79
14:00 -1.97 2.09 235 0.89 -1.97 0.87 1.10 0.76 -2.32 1.89 2.09 0.76
14:30 -1.77 2.50 2.58 0.90 -1.94 1.08 1.25 0.76 -2.25 2.11 2.20 0.76
15:00 -1.95 2.30 2.56 0.92 =211 1.46 1.72 0.84 -1.68 3.72 3.18 0.72
15:30 -2.20 1.42 1.88 0.92 -2.68 0.22 1.04 0.89 -2.37 1.49 1.75 0.82
16:00 -2.20 1.45 1.90 0.93 -2.28 0.75 1.15 0.86 -2.27 0.68 1.10 0.88

for o were similar at all three sites, ranging between 1.10 apasitive curvature is indicative of the dominance of accumula-
1.50. Itis worth noting that they were most stable at site 3 (ruratjpn mode sized particles in the volume size distribution and the
possibly due to its distance from the coast and the industraddition of coarse particles to the size distribution results in a
areas around the city of Valencia, to the east. The valuesaf marked decrease in curvature [15].
this day indicate the presence of smaller aerosols, presumably dfVe made adjustments in this way, both for the full spec-
continental origin, compared with the mainly maritime aerosotsal range 400-670 nm (Tables Il and 1V) and in the shorter
detected in July 6, 1998. wavelength range 400-550 nm (Tables V and VI). When the
Recently Ecket al.[15] have proposed using a second-ordexhole range is used, the correlation improves noticeably, par-
polynomial fit of the form ticularly for July 3, 1998 (Table IV). However when the adjust-
ment is applied to the 400-550 nm range, the correlation coeffi-
cients hardly change, indicating that the Angstrom approxima-
tion given by (4) is sufficient in this wavelength range. Neverthe-
to account the curvature in the 7, versudn,, found in the re- less, we have analyzed the curves of this spectral range, shown
sults obtained from measurements made with sunphotometé@rghe tables as the coefficieat, in order to determine whether
They propose using, as a parameter to quantify the curvatuteyas possible to detect differences in the types of aerosols from
the second derivative dfi 7, versusln,, which is the same as this coefficient. When there was a maritime wind (July 6, 1998,
the derivative ofx with respect tdn A. According to them, a Table V), the average values®f were very small, around 0.40,

ln7, = ap + a1 lny +ax(ln )\)2 (5)
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at all three sites. When there was a continental wind (July 3, 10" 3

1998, Table VI), the average values were around 1.1 atsite2and & , ]

2.5 at sites 1 and 3. Since the way in which we made the adjust- ZT@ 1073

ment means that a positive coefficient indicates negative curva- °'s |

ture, then in accordance with the conclusions of Etél.[15], R

under maritime wind conditions, we would have a quite uniform 107 4

mix of accumulation and coarse mode sized particles, which

would give almost no curvature. Meanwhile, the markedly neg- 10° 4

ative curvature would indicate a clear predominance of coarse

particles in the size distribution. This predominance would be 10° 4

noticeably less at site 2, the Albufera Natural Park, located close

to the coast. 10" 5

C. Aerosol Size Distribution 10" aa
The determination of the size distribution of the atmospheric 0l r(w;‘;) 10.0

aerosol from extinction measurements can be formulated in

terms of a Freqlho_lm i_ntegral equatior_‘ of the firstkind [61]. Theig. 7. Pparticle size distribution obtained from extinction spectral
aerosol size distribution can be obtained from the shape of theasurements at-(-) Valencia City Center; (- - -) Albufera Natural Park;and

AOT curver,, solving the integral (—) Chulilla. July 6, 1998, 12:00 TST.

oo —_ 10
Tax = / 2 Q(r, A, my Y (r)dr (6) (O
0 233 10° 4
where =l s
Qr, A\, m,.) Mie theory extinction efficiency factor; 10° -
m, complex refractive index;
ne(r). aerosol size distribution, which corre- 107 5
sponds to the number of particles per unit
radius interval per unit area in a vertical 10° 5
column through the atmosphere. S
The inversion of (6) is an example of an ill-posed problem, 1073
where Q(r, A, m,.) is the kernel, anch.(r) is the unknown ot
function to determine. Over the years, a number of techniques
have been employed to solve this inversion [5], including con- 10 - -

strained linear, iterative, analytic, singular function theory, em-
pirical orthogonal functions, and analytic eigenfunction theory.
We have employed the method proposed by Kahgl.[28],

0.1

1.0 10.0
r (um)

[29], which has been previously employed by other investighig- 8. Particle size distribution obtained from extinction spectral

tors to calculate the aerosol size distribution [18], [39], [51{,rI
[53], [54], [38]. To guarantee the convergence of the method,

it is very important to choose properly the radii interval where ~ 10"
the equation is going to be applied. Here all the inversions were 'g
performed assuming for the integral limits the 0.05 to A0 Zr\:‘, 10° o
radii values, and using nine wave bands of equal relative weight. ~'<
For all the inversions, we considered that the complex refrac- 10° 5
tive index of the aerosol particles is both wavelength and size .
independent [37]. To test the validity of the results, from the 1077
obtained distribution functions, the spectral AOT was recon- | Oé_i
structed using (6). The experimental values of AOT and those
obtained from (6) were compared using the root mean square 10° 4
deviation (RMSD). ]
The size distributions obtained in this way were, in general, 10°
quite similar although there were some specific characteristics ]
10° v a

for different days. For July 6, 1998, they were practically con-
stant throughout the day, with the shape shown in Fig. 7, which
corresponds to 12:00 TST. They have a clear bimodal form, al-
though in the curve shown the position of the separation of the
two modes is not very marked. They are practically the sa

easurements at-(-) Valencia City Center; (- - -) Albufera Natural Park; and
) Chulilla. July 3, 1998, 10:00 TST.

1.0 10.0
T (pm)

9. Particle size distribution obtained from extinction spectral

) . Y asurements at-(-) Valencia City Center; (- - -) Albufera Natural Park; and
for the three sites, which corroborates the supposition that @n) Chulilla. July 3, 1998, 16:00 TST.
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Fig. 10. Volume size distribution at«(-) Valencia City Center; (- - -) Albufera
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viations with respect to the experimental AOT values with an
RMSD lower than 2% for the whole of the spectral range.

For July 3, 1998, the size distribution curves showed a marked
evolution through the day. Figs. 8 and 9 show the curves for
10:00 and 16:00 TST. It can be seen that while the shape of the
curves for the sites close to the sea, (1-Valencia City Center,
2-Albufera National Park) are very similar to those for July 6,
1998, at site 3 (rural) the inflection point that shows the bimodal
character of the curve is much more accentuated, especially for
the measurements made during the morning. For this day, the
deviations of the AOT values derived from (6) relative to the
experimental values are significantly higher with an RMSD be-
tween 5% and 8% at 16:00 TST and between 5% and 25% at
10:00 TST. The latter value was atypical and corresponded to
the Valencia City Center measurement station, suggesting that
the inversions from this station during that morning should be
used with caution.

To make the bimodal nature of the obtained size distributions
more visible, we show in Fig. 10 the plot of volume against ra-
dius. It can be seen that, in general, all the size distributions have
common features with a saddle point at 0/3%. This value
is lower than those obtained by Higurashi and Nakajima [21],
Remer and Kaufman [45], and Reratial.[46] from inversions
of almucantar sky radiance measurements, which vary between
0.60um and 0.8Q:m, which could be due to differences in the
nature of aerosols at the different locations. Only the size distri-
butions for site 3 (rural) for the morning of July 3, 1998 (conti-
nental wind) show a displacement of this point up to a maximum
of 0.44,m. This value corresponded to the measurements with
the lowest Angstrom exponent, which corroborates the presence
of particles with greater radii. The curves do not allow the po-
sitions of the accumulation mode and the coarse mode to be
observed. This is due to the radius range chosen for the inver-
sion, imposed by the narrow wavelength range with which we
were working. With a broader wavelength range, better defini-
tion of the modes could probably be obtained. Other authors
[45], [46] have found similar limitations, but due to different
causes. They observe the modes only when the AOT values at
670 nm are more than 0.4, but due to the edge effects of the
Nakajima angular inversion. This problem can be avoided in the
new Dubovik inversion [13], [14], which is able to retrieve com-
plete modes regardless of AOT.

IV. SUMMARY AND CONCLUSIONS

Ground-based measurements using three Li-cor 1800 spec-
troradiometers were taken simultaneously at three sites: rural
continental, rural coastal and urban coastal, during a field
campaign from June 22 to July 10, 1998, in order to analyze
AOT for typical synoptic summer conditions in Valencia, an
urban coastal Mediterranean area. The results show the great
dependence of the optical aerosol characteristic on the dom-

Natural Park; (—) Chulilla. a) July 6, 1998, 12:00 TST; b) July 3, 1998, 10:0Mant winds (eastern maritime or western continental) in this
TST; and c) July 3, 1998, 16:00 TST.

area. When the continental wind predominates, the atmospheric
conditions are those of very clear skies (AOT at 500 nm less
than 0.2), while when maritime winds occur (the most frequent

clear days with a maritime wind the effect is to make the asituation in the study area during summer), the conditions are
mosphere very uniform over the whole of the area studied. Tti@se of a moderately turbid sky (AOT at 500 nm between 0.35
AQT values obtained from these curves shows some small éed 0.45).
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The curves of spectral aerosol optical thickness showeds]
that for maritime winds, the AOT values were much higher
than when continental winds occurred and that the slope ofj7,
the curve of AOT wavelength was more pronounced in the
former case. The values of the Angstrom exporemhen sea

. . .. 18]
winds predominate, stayed the same throughout the day at S|te[s
near the coast, while at 50 km inland in a rural environment,
they changed markedly, doubling in value during the day
until reaching the same values as found on the coast duringg,
the afternoon. With a continental wind, the valuesnoét the
three measurement sites were noticeably higher (practically
double) than those found for the case of maritime winds, whicly,
indicates the presence of smaller sized aerosols of continental
origin. The analysis of the curvature, proposed by Etlal. a1
[15] for the AOT spectral values, indicated a fairly uniform
mix of accumulation and coarse mode sized particles under
maritime wind conditions. Under continental wind conditions,
the markedly negative curvature indicated a clear predominanélez]
of coarse particles in the size distribution.

The aerosol size distributions curves were bimodal in every3]
case. For maritime wind conditions, they stayed practically con-
stant throughout the day and had the same characteristics at gh]
three sites. When the wind blew from the sea, this factor pre-
vailed over all others and determined the type of aerosols present;
over the whole of the area. With continental winds, the size dis-
tributions were the same as the previous ones only for the sites
close to the coast. In these cases, all the size distributions h%]
common features with a saddle point at 0;3%. However, at
the measurement station (classified as rural) with a continental
wind, the bimodal character of the distribution was more accen: ")
tuated and the saddle point was displaced to prdindicating
the presence of larger particles. [18]

In general, we can say that for synoptic summer conditions
for which the predominant wind is from the east (maritime), the[19]
aerosols are smaller and have similar characteristics over the
whole of the area studied. However, for conditions where winds,,
from the west (rural-continental) predominate, it is possible to
distinguish between the aerosol types present at the coast ald
points located 50 km inland. Finally, it should be noted that from
the measurements made during this campaign, it was not pogz]
sible to establish the influence of urban aerosols, which should
have been detectable in the center of the city of Valencia. We
hope that in future measurement campaigns, it will be possiblg3]
to measure sky radiance and so establish this influence based on
parameters that have not been analyzed in this case, in particular
the phase angle and the asymmetry parameter.

[24]
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