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Abstract: In the present study we focus on comparison arduation of results of different approaches fosgiee tracer dispersion
modelling in complex terrain. Simulations with @ifént meteorological and dispersion models areopedd for selected episodes.
Meteorological models included in the study aregd@stic mass-consistent wind field models and cetepprognostic non-hydrostatic
mesoscale model, while lagrange and euler appraechsed for modelling the dispersion of polutants.
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INTRODUCTION

Numerical air quality models present a primary téml studying and forecasting air quality. Due touadance and
complexity of processes involved, their outputs cantain significant uncertainties. Dispersion oflgtants over areas with
complex terrain is especially challenging to madiet to strong local and meso-scale thermal andrapbic forcings within

the lower troposphere.

In the present study the area of interest is placed the wider area of Ljubljana basin, a basithia center of the country
around the capital city of Slovenia. The basin vethottom at 300 m a.s.l. is almost entirely sund®d by high mountains,
reaching and exceeding 2000 m a.s.l. and only @svire SE the hills are lower. So the winds arenoft especially during
the cool air pool episodes in the basin — ratheskwén (the rather rare) occasions with strongerdsithese are strongly
orographically modified — with a lot of chanellingbbng the main axes of the basin and along iesdavalleys, with a lot of

blockings, etc. So the reproduction of the reli@iewind filed is for this area a very challengiagk.

The purpose of our study is to evaluate and compe@ts of simulations performed with differentaebtypes for a point
source placed in the Ljubljana basin. Namely, modeded represent different wind fields and turbcgenispersion
representations, and use different dispersion nindedpproaches — from modelling meteorological dibons with the
complex meso-scale weather prediction model andeiting dispersion of pollutants with Eulerian apacb, to modelling
of wind field with only a simple diagnostic modeldapollutant dispersion by Lagrangean approach.

MODELLING APPROACH

Three different modelling systems were used instudy and their results are compared for two diffierepisodes. The first
model is AUSTAL2000 (VDI, 2000) atmospheric dispensmodel, developed in Germany under contrachto Rederal
Ministry for Environment, Nature Conservations andchar Safety. It is the reference dispersion maoatatepted as being
in compliance with the requirements of Sloveniagidiation demands for dispersion modelling in theeth terrain, i.e. for
emission sources in non-complex conditions (not @eenplex terrain, not at coastline, not for urlbesat island etc.). The
meteorological pre-processor in AUSTAL2000 modeisists of diagnostic mass-consistent wind field ehdtALdia. The
second modelling system consists of a diagnostgsroansistent meteorological CALMET (Scetal, 2000a) model, and
CALPUFF (Scireet al, 2000a) air quality dispersion model, proposedUs EPA as a guideline model for regulatory
applications involving situations where factorstsas spatial variability in the meteorological dig] calm winds, fumigation,
recirculation or stagnation and terrain or coastfiects may be important. Both diagnostic meteaicll models
(CALMET and TALdia) calculate wind fields diagnosilly, using the variational approach to satisfy snesnsistency and
some measured wind data.

The third modelling system, WRF-Chem (Skamaretlal, 2008; Peckharet al, 2008), is a prognostic non-hydrostatic
meteorological meso-scale model with complex patarizations of different physical processes, tuebtikinetic energy
prediction, radiation schemes, and fully onlinepded chemistry and dispersion of pollutants.

Table 1. Experimental runs.

Experiment| Model Other

A Austal2000 -

B CALMET/CALPUFF | -

C WRF-Chem -

D WRF_Chem PBL parametrizatign

Configuration of models

All models were run in domain with 100x100 horizainpoints and with 300 m horizontal resolution (Fig. For the
diagnostic wind field calculations in CALMET metetgical measurements at stations S1 and S3 (Fig.addl

radiosounding measurements (Fig. 1) were usedew&liISTAL was run only with measurements at S1 atatFor WRF
model meteorological initial and boundary conditiomere extracted from archived ECMWF meteorologicellyses. WRF
model was run in three one-way coupled domains. @igvith resolutions 5 km, 1 km, and 300 m, anthwi5x45, 81x81
and 100x100 horizontal points, respectively.
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Vertical atmosphere structure was in the two diatjnaneteorological models (Exp. A and B — compaab.Tl) represented
by 12 vertical levels from 0 to 2500 m altitude fEXA and B, Tab. 1). WRF model was set-up with 18ical levels
identical to levels in diagnostic models, and watlditional 27 levels extending up to 50 hPa. WRF eheghs configured
without (Exp. C) and with (Exp. D) planetary boundbyer (PBL) parameterizations. Characteristicpa@int source were
identical in all simulations, They are presentedTab. 2. Dispersion of SO NG, and PM10 was simulated in all
experiments, but only results for $&e presented.
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Figure 1: Modelling domain, 100 x 100 points, wathterrain height, b) area with dominant fractiéudoan land cover category (indicating
Ljubljana city), both in 300 m resolution. Showre éocations of three monitoring sites in the aradiosounding location, and point source
location.
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Figure 2: Modelling domains representing the nessimategy in WRF-Chem model. The innermost D3 doroaincides with modelling
domain of CALMET/CALPUFF and AUSTAL2000 models, shoin Fig.1. Topography is shown in 5 km resolutias represented in
outer D1 domain.

Table 2. Point source characteristics.

Latitude Longitude | Stack height Stack diametevelocity | Temperaturg S{Olow
46.05833 °N| 14.5495 °F 100 m 6m 6.4'ms 400.1K 240.3 kgh

Selected episodes

Two episodes, one winter (14. February 2008) arel saimmer episode (3. July 2008) were selectedirfarlations. Both

episodes are characterized by anticyclonic metegicdl situation, weak external dynamical forcingad consequently
relatively weak winds in the lower troposphere. Maxm measured ground level daily temperatures wetereen 0 °C and
3 °C in the winter case, and between 27 °C and 3bréuimmer episode. Radiosounding measurements bijaja at 3

UTC showed subsidence temperature inversion bet@®&nm and 1200 m for winter day, related to higlespure
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meteorological situation. Winds measured at 10 mghteat station S1 (Fig.1) were slowly intensifyidgring the 15.
February 2008, from 1 msduring the first night and forenoon, to 4 heround the midnight 24 hours later. On the summer
day the radiosounding at 3 UTC measured a night témmperature inversion between 250 m and 500 nghwisappeared
by daytime air heating from surface and verticating. Wind speeds measured at S1 station on thal$.2008 were up to
~1ms! until 10 UTC, and became stronger in the afterrfomurs (maximum wind speed measured was 5:2an46 UTC).

Air quality measurements at S1 station showed rdtive NOx and SO2 levels, while daily PM10 valuesa29ugn® for 3.
July and 96:gm’ for 14. February, which is almost twice the daliyeshold value (5Qgm®).

RESULTS AND DISCUSSION

Analysis of simulation results showed significaiffeslences in pollutant concentration fields. Frammple, Fig. 3 compares
fields of 1h daily maximum density values for S@ pgm?) on winter day, and Fig. 4 on summer day. On widgy for
daily 1h S@ maximum field patterns are relatively similar amaxperiments (Fig. 3). The exception is Exp A, rehthere
is no distinct maximum west of point source (aapipears in other experiments). On summer day fiatterns for Exp B are
inconsistent with other experiments; south wesflew dominated in this experiment, while other slations showed the
prevalence of north eastern (Exp A, C) or north&xp(D) flow. For both episodes pollutants are naispersed in Exp A,
while plume most maintains its directions and esldast dispersed in Exp B.
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Figure 3: Comparison of ground level 1h daily maifor experimental runs A-D (Tab. 1) performedXér February 2008. Please note that
scale is figure dependant — legend maximum vals)ris shown in figure title.

The comparison of the maxima of daily 1h maximuetds (Fig.3 - 4 and Tab. 3) and the maxima of aye@dh fields (Tab.
4) shows significant differences among experimeBig B is consistently related to the highest neauigd air pollutant
maxima, while in WRF-Chem simulations these maxineaaaleast for the factor of 0.73 lower for 1h dailaxima. For 24h
averages maximum values in WRF-Chem experiments (EXD) are even for factor of 0.24 to 0.1 lower tharExp B,
which is a consequence of stronger dispersion in W&tem simulations, where simulated winds were giomand more
variable (see Fig. 5, where hourly wind speed \sahtestack release are compared for Exp B and C)AExgssociated with
most dispersed pollutant fields, has significaldhyer pollutant air densities, which are for thetéa of 0.01 (in the case of
maximum 24h averages, Tab. 4) or for the factdr.@f(in the case of maximum 1h values, Tab. 3) tchvan in Exp B.
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Table 3. Comparison of maximum values in the figfldh daily maximum (show
in Fig. 3) calculated at ground level for , (in pgm?®). These values present
maximum simulated 1h ground level S@lues, regardless of the time and loca
of occurrence

Table 4. Comparison of maximum valt
(regardless the location of maximum) in tteld of
24h average SQlensities (imgm?).

Date/Experiment Al B C D Date/Experiment| A | B C| D
15. February 2008 85 1200| 565| 219 15. February 2008 5 | 273 | 65| 45
3. July 2008 108 1639 | 1201| 772 3. July 2008 6 | 956| 73| 69
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Figure 4: The same as Fig.3, but for 3. July 2008.
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Figure 5:Scatter plot comparing hourly wind speed valudscition of point source. Comparison between apsrgents B and C and
experiments B and D is shown separately for wiatet summer da
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On the basis of our experiences we can concludepthlutant densities in Exp A performed with AUSIT2000 dispersion
model may be underestimated also because of thesiwveated model plume rise, leading to lower vala®se to the
ground. Based on available data it is hard to calecluhich of other experiments may be more in ages¢with the true
dispersion conditions of the studied days. For mietic mass-consistent wind field models it is knatat they are able to
reproduce wind fields sufficiently well if thereeaenough reliable measurements available, whichneashe case in our
study. Only one radiosounding station with vertisahosphere sounding performed only once a daférearly morning
hours is not enough for representation of vertitadosphere structure throughout the day. Conseguemtly three ground
meteorological stations (with one, S2, not repregae enough to be included in model data asstimilaprocedures)
present data source from which the wind field isstnucted in diagnostic meteorological model thiaug the day. On the
other hand, WRF-Chem model uses archived analysedbdondary and initial meteorological conditions, vasll as
including different parameterizations, which enablso the simulation of processes (e.g. thermabsjinvhich cannot be
reproduced with diagnostic mass-consistent winldl firodels (while wind channelling and blocking daa represented in
models of both types). But still, to accurately siate wind fields over complex terrain or otherwisenplex area (coastline
etc.) remains a challenging issue. In our experiméor two selected days with weak dynamics resoft$VRF-Chem
simulations were quite different between simuladiovith and without PBL parameterizations, whereiinusation without
PBL parameterizations simulated winds were too gtrdio improve meso-scale meteorological model ichssituations
with weak dynamics data assimilation or model nngdowards available measurements can be usedisTaliso one of our
plans for future work. Nevertheless, the probleith wparse meteorological measurements availabl&ufther evaluation
of model results remains unresolved.
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