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Abstract. A measuring campaign was performed over thel Introduction

neighboring towns of Nova Gorica in Slovenia and Gorizia

in Italy on 24 and 25 May 2010, to investigate the con- Itis well known that the presence of particulate matter in the
centration and distribution of urban aerosols. Tracking ofair strongly influences atmospheric chemistry and physics
two-dimensional spatial and temporal aerosol distributions(Braslau and Davel973 Harshvardhanl993 Andreae and
was performed using scanning elastic LIDAR, operating atCrutzen 1997 Kaufman et al. 2002 IPCC, 2007). Be-
1064 nm. In addition, P} concentrations of particles, NO  cause of their absorbing and scattering properties, the pres-
concentrations and meteorological data were continuouslgnce of aerosol particles can directly and indirectly affect
monitored within the LIDAR scanning region. Based on the Earth’s radiation budget, as well as influence cloud proper-
data we collected, we investigated the flow dynamics andies through a variety of different physical mechanisius (

the aerosol concentrations within the lower troposphere and998 Andreae et a).2004 Che et al. 2009. With the in-
found an evidence for daily aerosol cycles. We observed &reasing urbanization and industrialization, high concentra-
number of cases with Spatia”y localized increased LIDAR tions of particulate matter, which are often found in urban ar-
returns, which are associated with the presence of poingas Twomey etal.1978 Hofmann 1993 Rosenfeld2000,
sources of particulate matter. Daily aerosol concentration cy2re as a rule due to a combination of many aerosol emis-
cles were also clearly visible with a peak in aerosol con-Sions, atmospheric conditions and specific topography of the
centration during the morning rush hours and daily plateawdrea. The main increase of aerosol concentrations arises from
at around 17:00 Central European Time. We also found thahuman activitiesIPCC, 2007), which may have significant
horizontal atmospheric extinction at the height of 200 m, av-€nvironmental and climatological impacts as well as consid-
eraged in limited region with a radius of 300 m directly above erable effects on human health, as they may, e.g., increase
the ground-based measuring site, was linearly correlated téhe rates of the atmospheric photochemical reactions, reduce
the PMyo concentration with a correlation coefficient of 0.84. Visibility and cause epidemiological diseases in general. The
When considering the average of the horizontal atmospheri@uidelines for the ambient air quality in Europe are set by
extinction over the entire scanning region, a strong depenthe 2008/50/ECRirectives 2008 of the European Commis-
dence on traffic conditions (concentration of jJOn the  sion, where the allowed upper limit of Riparticles is set

vicinity of the ground-based measuring site was observed. to 50 g nT3 from 1 January 2010 and the allowed upper
limit of PMy 5 particles to 25 ug m® from 1 January 2015.

The need for meeting and enforcing these standards calls for
extensive air quality monitoring in inhabited areas.
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Basic tools for the assessment of air quality are ground-Sea in the SW, which is about 20 km away. In an environ-
based monitoring stations that provide continuous point-ment with very scarce precipitation from spring to late au-
source measurements of particulate matter concentrationgyimn Gasith and Reshl999 and a presence of day-night
presence of various gaseous pollutants and general mete@snd reversal and basin-like terrain configuration, the risk of
rological data. A modern remote sensing tool for the studyincreased aerosol loading in urban settings is expected to be
of atmospheric aerosols is LIDARigasures1984 Grant high, which calls for a systematic monitoring effort for quan-
1987 Killinger and Menyuk 1987 Ansmann et a).1992 titative estimation of concentration levels as well as spatial
Muller et al, 2007 Hair et al, 2008. Many LIDAR systems  and temporal variability of aerosols. The present monitoring
have been developed and implemented for measurements ochmpaign was the first attempt in Slovenia to address this
aerosol optical properties (e.Bosenberg et 12003 and problem using a combination of remote sensing and ground-
for air pollution studies in the atmospheric boundary layer inbased monitoring.
urban areas (e.gcooper and Eichinged 994 Devara et al.

1994 Menut et al, 1997). In addition to ground-based LI- 2.1 Remote sensing

DARS, the Cloud-Aerosol LIDAR with Orthogonal Polar-

ization (CALIOP) onboard the Cloud-Aerosol LIDAR and Remote sensing was performed using a bi-axial scanning mo-
Infrared Pathfinder Satellite Observations (CALIPSO) hasbile LIDAR. The device was designed for day and nighttime
been since June 2006 providing data on the global scale fostudies of tropospheric conditionl¢ et al, 2010 and pro-

the characterization of aerosols and cloudéinker et al, vides automatic scanning in both azimuth and elevation an-
2007, 2009 2010. Traditional micropulse LIDARsSpin-  gle with an angular resolution of 0.1The LIDAR was set up
hirng, 1993 are inexpensive and reliable; however, they do at an elevated site northeast from Nova Gorica (305ma.s.|.,
not provide scanning capability, which is needed for the200 m above the basin ground), with clear horizontal visi-
acquisition of two-dimensional aerosol information. Using bility over the entire region of interest (Fid). A pulsed
scanning LIDAR Gpuler and Mayqr2005 Gao et al.2011) Nd:YAG Lasef was used as the transmitter, providing 8 ns
for aerosol tracking and source identification studies be-width pulses with a maximum repetition rate of 10 Hz at 266
comes more important associated with the emissions. and 1064 nm. In this study, only the infrared channel was

On 24 and 25 May 2010, we performed a LIDAR mon- used to minimize the amount of molecular scattering rela-
itoring campaign over the neighboring towns of Nova Gor- tive to particulate scattering. The pulse energy was set to
ica in Slovenia and Gorizia in ltaly (45.96l, 13.64 E, 40mJ in order to prevent saturation of the receiver in the
107 ma.s.k) with the aim of tracking distributions of in- near field. Backscattered light was collected by a Newto-
creased urban aerosol loading and investigating aerosol emigian telescope with a diameter of 300 mm. As a result of
sions. The dispersal and the trajectories of potentially hazthe non-coaxial configuration of the transmitter and the re-
ardous pollutants were obtained from two-dimensional scanceiver, the complete overlap region of the system starts from
ning LIDAR data on atmospheric properties with tempo- around 700 m. For the purpose of this study, LIDAR return
ral resolution of about 8 min. LIDAR results were comple- signal was simply discarded in the first few hundred meters,
mented by ground-based measurements ofPahd NG where the overlap was not complete. To suppress the back-
concentration levels and measurements of local meteorologground in daytime operation, an adjustable iris was placed
ical conditions. at the focus of the telescope and a 1 nm interferenceSfilter

centered at 1064 nm was used. The signal was detected by an
) IR-enhanced avalanche photodiode (APMata acquisition
2 Experimental setup was performed using a Licel transient recofdeith 12-bit
resolution at 40 MHz sampling rate in combination with our
own C++ (Linux) based data acquisition software. These dig-
itization parameters yield a range resolution of 3.75m and a
maximum theoretical detection range of 61.4 km.

To observe two-dimensional temporal and spatial distri-

butions of aerosols, two scan patterns were executed: range

. " height indicator (RHI) scan and plane position indicator

plateau, and are thus protected against the cold Bora win . .

) ) ; . ._(PPI) scan. In RHI scan, the elevation angle was increased
which affects most of the neighboring areas in the Slovenian . ., .
littoral (Alpers et al, 2007, retaining mild Mediterranean In 1°steps from 4 to 45 (covering a range of £} at a con-
' P ’ ' ining mi editerranes stant azimuth angle of 230In PPI scan the elevation angle
climate throughout the year. In a typical anticyclonic situa-
tion, which was present during the campaign, there are gen=
erally mild breezes from E-NE in the nighttime and com-
paratively stronger winds in the daytime from the Adriatic

The cities of Nova Gorica and Gorizia, where the campaign
was performed, are located in basin at the confluence of th
Scta (Isonzo) and Vipava Rivers. From the north, they are
sheltered from the direct influence of the alpine climate by an
intermediate mountain range, from the west by the Sari

Brda (Collio) hills and from the southeast by the high Karst

2Bjg Sky CFR400 by Quantel, France.

3Barr Associates Inc., USA.

4EG & G C30954/5E, URS Corporation, USA.
15.s.1. stands for “above sea level”. STR40-160 transient recorder, Licel, Germany.
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Fig. 1. Top view of the scanning region (light-colored shadow) and the LIDAR site (3N963.64 E, 305ma.s.l., 200 m above the town).
PM10, NOx and meteorological data were monitored at the ground level. Red points denote the locations of the identified aerosol sources
and the yellow line the border between Slovenia and Italy.

was set to zero and the azimuth angle was changetdsteps  whereP () is the received signaf; the LIDAR system con-
in counterclockwise direction from 2670 205, coveringa  stant including the losses in the transmitting and receiving
range of 62. At each step, 150 laser shots were averaged anaptics and the effective receiver apertukg, the laser pulse

each scan took approximately 8 min to complete. energy,B the volume backscatter (mh sr1), anda the ex-
tinction coefficient (m1). Raw data were normalized to the
2.2 Ground-based measurements laser energy, and the flat baseline of each return, which is

) . . proportional to the intensity of background noise, was sub-
Due to the elevated risk of increased aerosol loading in Novg, 5 cteq. Background noise was defined as an average of data
Gorica region, the concentration of Rlparticles is be-  ,ints sampled at the far end of the trace. Each LIDAR
ing continuously monitored by the Slovenian Environmental o,y \yas then corrected for inverse range-squared depen-
Agen.cy. T_hg monitoring site |s.Iocated W|th|n the scanning yance Weasures1988. To improve the signal-to-noise ra-
areain avicinity of a busy road in Nova Gorica (FI3- True i, 5 five-point gliding type radial basis spatial filter algo-
mass concentrations were provided by an amb|en_t _partlculatﬁthm with weights given by Pascal's triangle was employed.
monitor’, positioned 2m above the ground. In addition,NO  pjayimum detectable range with signal-to-noise ratio larger
concentrations and meteorological data (wind speed and digy4n one was then found to be about 5km. Spatial distribu-
re_ct_|on 10m above the ground, temperature and relative huﬁon of the range-corrected LIDAR return signal obtained by
rr_ndlty 2 m above the ground) were also collected at the Same,oih RHI and PPI scanning was presented by Cartesian 2-D
site. All ground-based data were averaged every hour exceRiyqns 1o fill the pixels where no LIDAR data were avail-
for the wind speed and direction, which were averaged eveny, e 5 \weighted value was reconstructed using a barycentric

half an hour. interpolation schemeMin, 2004 between successive step
profiles with a 5 m resolution of the Cartesian 2-D grid.
3 Analysis of LIDAR data To be able to normalize LIDAR return signals to aerosol

concentrations, they need to be transformed into atmospheric
The LIDAR return signal along a single line of sight can be extinction profiles. In urban areas, Klett solutioklt,
modeled Collis and Russell976 as 1981 of the vertical extinction profile can be highly er-

roneous because of the relatively large uncertainty of the

r

CEoB(r) o extinction-to-backscatter ratio (so-called LIDAR ratio). The
Pr)=—75——¢€xp _2/“(r )ar |, (1) multiangle method Kang, 1968 Hamilton, 1969 Filip&i&
0 et al, 2003 is a possible way to obtain vertical extinction

6TEOM series 1400a ambient particulate monitor, Thermo Elec-promﬁst;\ORm dlger?t?t elevatlor:'anglfhda.ta ol::talunted by ﬁca'n-
tron Corporation, USA. ning under the assumption or norizontal atmospneric
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homogeneity and without the need to select specific LIDAR
ratio. As the atmospheric boundary layer over urban areas

is generally turbulent and heterogeneoB8gpihhirne et al. 12
198Q Kovalev and Eichinger2004), this method is rarely

7]

(r) = (-0.152 + 0.015)r + (11.84 + 0.17)

used due to the inaccuracy of the horizontal atmospheric 11 a=265° g

homogeneity assumptlon alon.g any smgle.trace. However, 30 W s S

as aerosol fluctuations in horizontal directions are mostly = 5~ R S

random, LIDAR return data averaged over the entire hori- = = & SO

zontal scan do allow for a relatively accurate calculation of & | : TR AT

spatially-averaged aerosol extinction at a specific height. i sy N '

As the LIDAR operated in the infrared part of the spec- . """""'“'::'&*-"’"-"‘:’%""f‘;.*s_ Y

a=205° N

trum, the contribution from molecular scattering to extinc- - R

. - . . L Dot B AT "
tion and backscatter coefficients was considered to be negli- /‘\“"“"" v\w\n_w’fM’agt-{a%}‘ﬁE;}
gible. Effects of atmospheric inhomogeneities on the aerosol 7= ——— e e

)
25 3 3.5 4

L L
0 0.5 1 1.5

2
extinction coefficientx (which may be caused by localized r (km)
pollution sources and meteorological conditions) were mini-
mized by using the average of the LIDARfunction, Fig. 2. Averaged S-function for different horizontal di-

rections over the PPl scan performed at 11:54CET on

o 2 . i _ 25 May 2010, with apparent nonlinear data excluded. The
Sy = iln [r (P(r) Pbg)]> =In(Cp) —2ar . 2) line S(r)=(—0.152+0.015) +(11.84+0.17) is a result of least

. . . squares linear fit in the range between 0.8 and 3.5km, yielding a

over each horizontal PPI scan in the deconvolution ProC€SSorrelation coefficient of 0.94. The resulting horizontal atmospheric

where Phg represents the intensity of the background noise.extinction coefficient: is 0.076 kntL, with relative error of about

In the averaging, directions with apparent nonlinear data (€.9o.1 due to atmospheric inhomogeneifyfunctions with azimuthal

with the presence of point sources) were excluded. Horizonangles of 268, 245, 225, and 205 are also shown with an

tal atmospheric extinction coefficient at a specific height wasincremental shift minus one from the averaged value.

obtained using the slope methaddd(lis, 1966, as the slope

of the least squares straight line fit$¢r) through the con-

sidered range (Fi). The deviations of atmospheric extinc- the apparently nonlinear traces (less than 10% of the full

tion coefficientx from linearity are a suitable criterion for the Scan) were excluded from the calculation. The upper limits

detection of the extent of horizontal heterogeneity of the at-On azimuthal nonlinearities were calculated at the distance

mosphere and thus can be used as an estimator for the qualigf 3.5 km from the LIDAR site, which was chosen to maxi-

of the retrieved data. mize the effects of heterogeneity due to geometrical distance
The total uncertainty mainly related to the LIDAR-based between successive azimuthal profiles. Total relative uncer-

measurement of aerosol extinction coefficient arose froma@inty due to horizontal inhomogeneity was estimated to be

three maior sources: the uncertainty of the System Constariﬁss than 0.2. These three uncertainties are assumed to be sta-

factor C, the error in the backgrounﬂbg Subtraction7 and tlStlca”y independent; a total relative Uncertainty of aerosol

the horizontal atmospheric inhomogeneity (EhThe con- extinction coefficient was estimated to be less than 0.21. An-

tribution of the system constant uncertainty for the case ofother possible source of uncertainty, which was not explic-

thermally stabilized LIDAR return detection system is typi- itly accounted for in this study, is the variability of the LI-

cally less than 0.05 (e.gerkinElmer2011). Relative uncer- DAR ratio over the scanning area; it was however minimized

tainty arising from background subtraction is related to theby excluding LIDAR data traces with apparently non-linear

signal-to-noise ratio of the LIDAR system. As the LIDAR behavior (distinct point sources) of the averageflinction

signal decreases with distance 854 (Eq. 1), this uncer-  (Fig.2).

tainty tends to be smaller closer to the LIDAR site and greater

further away from the LIDAR. In our case, the deviation of

background noise was 0.12 mV out of approximately 5mV at

the range of 3.5 km. The uncertainty from backgrOL_md noiseUSmg the LIDAR data from the campaign and the standard
subtraction was on average found to be 0.03. Dominant congqnd-based monitoring data, several case studies were in-
tribution to the total uncertainty of the measurement was dugestigated, including the observation of the vertical struc-
to horizontal atmospheric inhomogeneities. These were esgre dynamics in the lower troposphere, the identification of
timated by considering the nonlinearity of the LIDAR 56450 point sources and the study of daily aerosol cycles. In

function signalS(r) for horizontal traces with different az- addition, a correlation study between the LIDAR-based and
imuth angles at a fixed distance from the LIDAR site (e.g. ground-based data was also performed.

azimuthal nonlinearity), and the nonlinearity of the averaged
S-function signalS(r) within the considered range, where

4 Results and discussion

Atmos. Meas. Tech., 5, 891900, 2012 www.atmos-meas-tech.net/5/891/2012/



T.-Y. He et al.: Tracking of urban aerosols 895

25 25 16
[ 24 May 2010 11:03 CET I 24 May 2010 11:30 CET
F a F b
2|~ ) 2[— )
L - %)
15— W L 15— =
- IR R g 5
= A e gt I I
- o = i Z
r ‘ A r £
= o5 LR e 05 4 2l
j; F 4 J F 4
== 07 k. T 37 ‘A‘ ol L] L]
— 1 1 2 3
'g) 25— 25— 16
O ™I 24 may 2010 11:58 CET I 24 May 2010 12:25 CET
0 i iC
F c F d
I ) 2~ )
E . 2
2
1.5? n. 1.5? s
o % F =}
N i \ I 5
- y i el A r 2
1 LY N‘ ) 1 y <
o ) MY r A% A"
os|— A g 1k 0.5 > ‘ [
- A‘ 3 WL Q;i‘i.ﬂ-\lﬁ‘ - LA
ol 3 - | | | o - - - | . |
1 3 4 5 1 2 3 4

Horizontal Distance from the Lidar (km)

Fig. 3. Time series of vertical RHI scans showing the logarithm of the range-corrected LIDAR signal for elevation angle$ foo#5°4

with angular step of 1 The scans were performed between 11:00 and 12:30 CET on 24 May 2010. The presence of a lower layer of clouds
can be seen throughout the scanning period at the altitude of 2 km, relative to the LIDAR site. Above 2 km, LIDAR signal is effectively
blocked by the clouds.
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Fig. 4. Meteorological data for Nova Gorica from 24-25 May 2010. Wind information was obtained 10 m above the ground and the
temperature and relative humidity 2 m above the ground.

4.1 Structure of the lower troposphere especially during the night. In our case study we used ver-
tical RHI scans to reveal vertical distribution of aerosols in

] i . the lower troposphere. The main purpose of the case study
In the daytime and under unstable, windy conditions, theyas 1o investigate the transition from the horizontally strati-
lower troposphere is usually well mixed due to convection orfiaq |ower troposphere formed during the night to well mixed

vertical wind shear. On the other hand, in stable atmospherigyyer troposphere due to the increased thermal convection
conditions some horizontally stratified layers can be formed,

www.atmos-meas-tech.net/5/891/2012/ Atmos. Meas. Tech., 5, 8816-2012



896 T.-Y. He et al.: Tracking of urban aerosols

during the daytime. An example of temporal development of 1
vertical structure of the lower troposphere, illustrated by a ;
series of RHI scans performed from 11:00 to 12:30 CBE YR T
24 May 2010, is shown in Fig. At 11:03, lower troposphere ¥ TR
was still horizontally stratified (Fig3a), and several optically \
thin aerosol layers can be seen up to 1.6 km above the LIDAR| ¢ \ L SN
site. At the height of about 2 km, a layer of low level clouds > N o 7 e S
was also present. In the next one and a half hour (Blg- YA
d), increased solar radiation caused the low clouds to slowly vl NS
diminish and therefore more solar radiation reached the sur-| LY

face. Solar heating of the surface and consequential heatin¢| N\
of the air at the surface intensified thermal convection and SN

mixing of the air in the lower troposphere, which caused the , ’ i o
degradation of the stratified layers. The effect of the heat- | . 2km I

|
>
Arb. Units

ing was additionally confirmed by an evident increase of air
temperature and the increase in wind speed (#ag.in the

period between 11:00 and 12:30. The described turbulent at-
mospheric conditions due to changing structure of the lower
troposphere are expected to be the main contribution to the
uncertainty of the horizontal aerosol extinction coefficient ' b
(Fig. 7), whose relative errors during this period increased for —————

about 50 %, with respect to earlier and later measurements. [{ \‘

53700

25 May 2010 09:19 CET

14

|
-
N

4.2 Identification of aerosol sources 5L WL ~ogPE
3 \\\ 2k e P 4 5 1 km
In urban areas, main aerosol sources are expected to be Ic RN '
calized exhausts from industrial and domestic emissions anc >
traffic along the roadways. Individual aerosol emissions can
not be distinctly visible in the single point ground-based
PM;o and NQ, monitoring data because of spatial and tem-
poral averaging; however, time series of the remote sensinc » . ;
scanning data can reveal the exact locations of the source:] .~ T 2km
and complex dispersion paths of the plumes. We attemptec| -~ d X o
to identify aerosol sources from the spatial distribution of the
logarithm of the range-corrected LIDAR return signal in the
horizontal PPI scans.

During the LIDAR campaign, a total of eight distinct cases
of localized increases of LIDAR return were observed, all of Fig. 5. Two examples of horizontal PPI sector scans showing the
them in the industrial area northwest of Nova Gorica. US_Iogarithm of the range-corrected LIDAR signa! (performed at09:19
ing the range and azimuth information from horizontal PPI and 11:28 CET on 25 May 2010) show _Ioc_allzed increases of LI-

. DAR return corresponding to aerosol emission sources (B) and (D).
scans, these cases were found to appear at four different Iqﬁ the later scan, the dispersion of the plume (D) towards the NE
cations (Fig1) with polar coordinates of A=[1.7km, 26p due to the increa’sed wind speed can be clearly seen.

B=[1.55km, 262], C=[1.7km, 258] and D=[1.8km,

2457, with respect to the LIDAR site. After visual inspec-

tion of these locations in the field, they were confirmed to becalm wind conditions, the increased LIDAR return was found
major industrial aerosol sources, namely processing plantg be localized above the source (B) only. In the scan at 11:28,
(A) and (D), lime production plant (B) and a foundry (C). In the plume from the source (D) was found to be carried in a
most cases, the plume emitted from these sources was foundiatively straight line towards the north-east for about 800 m
to spread towards inhabited areas. due to the emerging southwestern wind (Hig), after which

Examples of aerosol emissions from sources (B) and (D)t disappeared (either blended in with background aerosols or
can be seen in horizontal PPI sector scans performed at 09:39se above the scanning plane). Based on the logarithmic ve-
and 11:28 on 25 May 2010 (Fi§), where both show local- |ocity law (Garratt 1992, rapid dispersal of the plume can
ized increases of LIDAR return. In the scan taken at 09:19 inbe exp|ained by the presence of a stronger wind around the
LIDAR scanning height.

|
>
Arb. Units

S “()70 o

25 May 2010 11:28 CET

7All times in this paper refer to Central European Time (CET).
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4.3 Da”yaer030|cyC|eS Vg7 T T T T T T T T T
a) 80 E —=— 24 May 2010
In urban areas, aerosol concentration levels were found to be _%g?y?;ya?,(e)::ge
strongly related to human activities, which result intheap- 5 >¢ [\ [ legislative limit | 3
pearance of prominent features in daily aerosol cycles. These ]
cycles are clearly visible in ground-based fvand NG
monitoring data (e.gHarrison et al.1999. Daily variations
of PM1g and NG in Nova Gorica from 24-25 May 2010
are shown in Fig6. The increase in both P and NG
concentration levels, peaking at around 08:00, was found to "
be present not only on these two days, but as a rule in the 20 F
long-term data and can be related to the traffic emissions in :
the morning rush hours. In addition to the exhaust emissions, B — T P
road dust picked up and injected into the boundary layer by p) LT T T T T T T

“ T T
- X I~ | —=— 24 May 2010 ]|
vehicles may also be responsible for the concentration in- =~ 180 : —e— 25 May 2010 ]

)

PM,, Concentration (ug/m

60 F

50 E

crease (e.gEichinger et al. 1994. The NG, concentration 160 -
had an apparent low in the afternoon, while the 1igNh- I
creased and reached a plateau at around 17:00. A local NO
peak observed at around 21:00 was found to appear regularh
in the Nova Gorica long-baseline environmental monitoring
data and can be related to human activities. As the ground- I
based measurements were performed near a busy road ar ©_ 6o
the largest shopping area in this region, the elevateg NO 2 4,
concentrations are assumed to be due to the traffic, especiall
as they decrease after the closure of the stores. Relatively low M s
and constant concentrations of both RMind NG during 0 2 4 6 8 10 12 14 16 18 20 22 24
the night are expected to be the result of significantly reduced Time (CET)

traffic and the absence of strong localized nighttime source

outside the winter season. period of 24-25 May 2010, obtained from the ground-based mea-

In the LIDAR monitoring car.npalgn, scannlng MEASUre- ¢ rements at the monitoring station in Nova Gorica. The intervals
ments were performed from 09:00 to 16:00 on 24 May 2010,ynen | IDAR measurements are available are marked with vertical

and from 09:00 to 18:00 on 25 May 2010. The late morn- gashed lines.

ing increase of aerosol concentrations over the entire area is

visible from temporal evolution of LIDAR-derived aerosol

extinction, obtained from horizontal PPI scans 200 m abovereason for the decrease could be that in this period the con-
the ground (Fig7). Despite the fact that aerosol extinction vection was the strongest. The resulting mixing of air masses
is due to scattering on particulate matter and should thereand the increase of the boundary layer height would decrease
fore follow more or less the same daily pattern, several dif-aerosol concentrations in the entire Nova Gorica basin, in-
ferences were found. There was a rapid decrease of aeroseluding at the LIDAR scanning height.

concentration at the ground level after 10:00 due to the de-

crease of traffic intensity and the increase of the southwestera.4  Correlation between aerosol extinction and

updraft wind speed (Figta), which was not observed in the PM1g concentration

scanning data. We expect this to be due to basin-like terrain

configuration, so that the aerosols remained contained ands the aerosol extinction is a result of Mie scattering on par-
were present at the LIDAR scanning height. On 25 May, aticulate matter in the atmosphere, it is expected to be highly
second peak in aerosol extinction was observed after 16:00;orrelated to particle concentrations and to depend on the
when solar radiation and wind speed (Flg) simultaneously  size of the scatterers, which was experimentally confirmed
decreased, which indicates an increase of the amount of adn several studies (e.®el Gusta and Marin200Q Lagrosas
cumulated aerosols during such conditions. The decrease @t al, 2009.

aerosol extinction between 13:00-16:00 was not observed in In our case study, in the absence of the data regarding the
the PMigp measurements, which were more or less constantdistribution of aerosol size, a simple comparison of LIDAR-
In such a case, we expect the aerosol extinction decrease tmased horizontal atmospheric extinction and ground-based
be due, at least in part, to the increased water evaporatioRMig concentration was made. In addition to the unknown
from hygroscopic aerosols (e.gewandowski et aJ.2010 aerosol size distribution, another major source of uncertain-
during the daily temperature maximum (Fdg). Another  ties was expected to originate from different locations of

/ 3

Concentration (ug/m™)
N
o

I
o o N
o o o

?:ig. 6. Temporal evolution of Py and NQ, concentrations for the

www.atmos-meas-tech.net/5/891/2012/ Atmos. Meas. Tech., 5, 8816-2012



898 T.-Y. He et al.: Tracking of urban aerosols

0.13 LI LIS R I L | T T 0.1 ® 1
L ] C local area
012 —=—24 May 2010 i - entire area (low traffic)
T —e— 25 May 2010 | 0.0 B _entire area (high traffic)
0.11 g r
0.10 s 0.08—
<7 0.09 _ —.’E E [ ]
;Ec [ x0.07—
< 0.08 ] =
5 [ 2 C
5 007 . So.06/—
£ [ g C
£ 0.06 ] oL
iN) r 0.05—
0.05 4 jn

0.04 | i o

0.03 | ] E {'
1 " 1 N 1 1 " 1 N 1 " 1 N 1 1 " 1 [~
9 10 11 12 13 14 15 16 17 18 ' S S RS S
Time (CET) 20 25 30 35 40

PM,, Concentration (uglm’)

Fig. 7. Temporal evolution of LIDAR-derived aerosol extinc- rjg g The correlation between the LIDAR-derived extinction and

tion coefficients over the entire scanning area (with p_oint SOUrCeShe p\y o concentration. The extinction for the entire dataset (black
excluded), 200m above the town from 09:00 to 16:00 CET on y,ints) in a localized area with a radidis< 300 m directly above

24 May 2010 and from 09:00 to 18:00 CET on 25 May 2010. the ground-based measurement site was found to be related to the
PM1g concentration with a correlation coefficient of 0.84 and a
slope of 0.002:0.00007 i km~1ug1 (blue line). Red points

(correlation coefficient 0.72) represent the extinction values aver-
the measurements, as LIDAR measurements were performeghed over the entire scanning area for intervals of high traffic and

200 m above the ground, while Riylconcentration was mea- green points (correlation coefficient 0.86) for periods of low traffic.

sured at the ground level. The correlation between aerosadh the fits, aerosol extinction was constrained to zero for the limit

extinction @) and PMg concentrationd) was investigated case, when Pl concentration was zero.

using hourly averaged data. When limiting the LIDAR scan-

ning area to a circle with a radiug < 300 m directly above

the ground-based measurement site, the correlation wasorrelated with aerosol extinctions averaged over the entire

found to be linear with a slope ef=(0.0024+-0.00007x and  scanning area, when aerosol concentrations were not domi-

a correlation coefficient of 0.84 for the entire dataset (8jg.  nated by traffic contributions from the vicinity of the ground-

Based on the assumption that aerosols with diameters up tbased measuring site.

10 um are the main scatterers (eBgrmili et al., 201Q Wu

et al, 2008, the extinction in the fit was constrained to zero

for the limit case, when PM) concentration was zero. Inthe 5 Conclusions

case of an unconstrained linear fit, the constant term was also

found to be consistent with zero. The case studies of aerosol monitoring performed over the
Due to the basin-like terrain configuration and relatively neighboring towns of Nova Gorica in Slovenia and Gorizia

quiet meteorological conditions, hourly averaged horizon-in Italy on 24 and 25 May 2010 showed that a combination

tal aerosol extinctions over the entire scanning area wer®f remote sensing and in situ ground measurements provides

expected to be correlated with the Pdviconcentration as useful additional information for the investigation of the ef-

well and are included in the Fi3 as square-shaped red fects of urban environment. The sources of uncertainties in

and green markers. The correlation coefficient for the entire¢he LIDAR measurements were investigated in detail, and the

dataset was found to be 0.4. Detailed investigation of traf-relative error of the aerosol extinction coefficient was found

fic conditions for the apparently non-correlated values withto be less than 0.21.

lower extinction (green markers) revealed that they represent Regarding the structure of the lower troposphere, complex

those measurements between 13:00 and 16:00, when the trdfow dynamics between layers with increased aerosol con-

fic was low (NQ concentrations were below 27 ugm). tent was observed. In the case of identification of aerosol

Both the low (green) and the high (red) traffic subsetssources, LIDAR-based remote sensing was found to be es-

were separately found to be linearly correlated to the M sential. Using horizontal PPI plots of the range-corrected LI-

concentration with slope&green=(0.0015+ 0.0001) and DAR return signal, four distinct aerosol point sources were

ared=(0.0023+ 0.0001), correlation coefficients of 0.72 identified in the industrial area of Nova Gorica and later

and 0.86, respectively. In both fits, aerosol extinction wasconfirmed by the inspection in the field. Daily aerosol cy-

constrained to zero for the limit case, when fJMoncen-  cles, routinely observed in ground-based monitoring data,

tration was zero. Pk} concentrations appeared to be best were observed in LIDAR-based data as well, with noticeable
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differences between the temporal evolution of aerosol extinc-
tion and PMg concentration. These differences could be re-

lated to the topographical properties of the urban region, the
properties of the aerosol particles or the daily meteorological
conditions. Aerosol concentrations up to four times higher
during the rush hours in comparison to the daily average indi-
cate that traffic plays an important role in air pollution in the

Nova Gorica/Gorizia region. Finally, an attempt was made to
correlate the horizontal aerosol extinctions obtained from re-
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