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Abstract: Nowadays, a major pollutant source within a cityrédfic emissions and this leads to interactioasveen the mobility, the air
quality and the regulation of vehicles in the urlzaaas. In order to evaluate the effects of diffeteaffic scenarios and the validity of
emission reduction strategies, it is fundamentakt@ably study pollutant dispersion inside theamlranopy, where the effects on human
health are most significant because of the proyihétween the emission sources (vehicles) and ¢henpal receptors (population). A
possible way to evaluate the air quality impactshi@ hotspot located in complex environment is $e dispersion models that include
modules for the simulation of the small scale effd¢e.g. street canyon and intersection modellilfigg aim of this study is to evaluate the
performance of a multi-scale model for simulatingl @&valuating traffic scenarios of RMNQ,, NO, and CO in the city of Florence.
SIRANE, a modelling system based on nested model#fferent types (a combination of a Gaussian pend a box model) was applied
to the study area. A detailed validation of thecaiality modelling system against measurements frermanent monitoring stations of the
city of Florence (including a wide range of traffevels and different street geometries) has beeried out. Both long term averages
(annual averages) as well as short term averageslyh were considered. The evaluation study inetud sensitivity analysis of the most
relevant data input: emissions (different fleetsafs), urban background (measurements from mamitstations or model estimations) and
street geometry (considered or not); this analpsismitted to identify the most critical input datequirements. The validation study
provides a robust basis for the evaluation anditf@ovement of the model and permits to obtainghsiand knowledge on specific
differences between the parts of the modeling syst@t perform well or poorly.
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INTRODUCTION

In the last years, modelling pollutant dispersidrttee urban scale assumed an increasing importemtiee air quality
management process; one of the main interestsairttan scale modelling is to be able to assepsmsiility for existing
air pollution levels in urban areas. Nowadays, rtiast important pollutant source within cities iaftic emissions; reliably
simulating pollutant dispersion deriving from tiafemissions is fundamental to understand the &ffen human health
caused by the proximity between the vehicles aedpthtential receptors (populatio@ne of the ways to evaluate the air
quality impacts in complex environments and theseguences of long-term policies like transport piag is to use
dispersion models that include nested models fisttnulation of the small scale effects (e.g. stca@yon and intersection
modelling). This approach is used in this work.

The objective of this work is to develop an air lifyanodelling system based on nested models whahbe reliably used
by administrators and policy makers in order to arsthnd the effects of different traffic scenarasl the validity of
emission reduction strategies that could be adatetsure compliance with the air quality limMgith this aim, this study
included several long-term (1-year long) dispersimodeling applications aimed at evaluating emissioenarios of P,
NO,, NOx and CO in the city of Florence and a detailed eatédn study (sensitivity analysis and validation).

URBAN AIR QUALITY MODELLING

The simulations were carried out using SIRAE®ulhacet al. 2001, a multi-scale model developed by the Ecole Central
de Lyon and based on a combination of a Gaussianegpmodel and a box model. The study area incltidesntire territory
of the municipal district of Florence and it is Blkn? sized.

The full year 2002 time period was chosen, usifdgheur time step, thereby all models were applied long-term mode.
Measurements from the meteorological station ofrize-Ximeniano, were used as input; it has the mmsiplete hourly
time series data of wind velocity and directiormperature, global and net solar radiation and ibésted in the central
position of the study area.

Traffic emissions of the year 2002 were carried usihg Corinair methodology (EEA 2007) in combinatisith the traffic
volume data carried out by the application of thebility model VISUM 10 (both spatial distributiomside the street
network and hour-by-hour time disaggregation, $e® @SSMAF 2009) and the fleet of cars derivingrirannual inventory
of Italian Automobile Club (ACI). PN (primary only, both deriving from exhaust and redraust emissions), NONO,
and CO were the chosen pollutant species. All theulgitions were realized without considering cherpishechanisms,
except for NO2. The urban background concentratiegr® included in the simulations using the resoftDMS-URBAN
simulations carried out for the MODIVASET-2 projdsee Giambinget al, 2008) and, alternatively, using the monitored
concentrations of the background site of FirenzeeofFI-BOBOLI, site acknowledged by the adminisivat as the
reference urban background).

For all the applications, the receptors were lataieth on a 5850 nf computational grid and on an intelligent grid in
correspondence of the streets at a height of Jiengtid so elaborated allows to obtain very dedadlencentration maps (see
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for example figure 1). Concentrations were alsowatald at additional receptors located in correspooe of the monitoring
stations within the study area.
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Figure 1. NOx annual mean concentration map esgitnaith SIRANE (Base scenario)

MODEL EVALUATION
Methodology
The model evaluation was performed in order touatal simulation results and compare the influefitkeodifferent data input
used within this work. The results of the simulasiovere compared to measured data during year @pQ@Re monitoring
networks of the municipal district of Florence. 8mitoring stations are present in the study ardzackground (FI Boboli and
FI Bassi) and 6 roadside. The evaluation work ithetl1 sensitivity study and validation exercise (gpae 2).
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Both exploratory data analysis by data plots antisttaal evaluation were carried out. The stat@tiondices used for the
sensitivity study and the validation exercise agewed from the BOOT software (Hanna, 1989) andMuelel Validation
Kit (MVK, Olesen, 1995, 2005). Furthermore, two @thindices originally proposed by Poli and Cirillt993) were used.
The resulting statistical set is similar to thaplked by Canepa and Builtjes (2001): mean (MEAN)sKRIAS), fractional
bias (FB), geometric mean bias (MG), standard dieviaiSIGMA), fractional standard deviation (FShdar correlation
coefficient (COR), fraction within a factor of 2 (FAZhormalised mean square error (NMSE), geometaitance (VG),
weighted normalised mean square error of the ndésewlratios (WNNR), and normalised mean square esfothe
distribution of normalised ratios (NNR). Chang anchhta (2004) introduced acceptability criteria fomsoof the statistical
indices provided by the BOOT software, basing omxtensive literature review. They proposed theofeihg criteria for a
“good” model: FA2>0.5; -0.3<FB<0.3; NMSE<4.
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Sensitivity analysis

Hourly and annual mean concentrations ofi\@ve been calculated at each monitoring sitehfiaet scenarios plus the base
scenario. These are: scenario S1 (parameter chamgéfit emissions input data calculated usingfflef cars of the year
2008 instead of the year 2002), scenario S2 (pdesnuhanged: street geometry not considered; all sneets were
considered open terrain streets) and scenario&@ar(eter changed: urban background estimated ASMWS-Urban results
from MODIVASET-2 project -Giambiniet al. 2008- instead of using concentrations of the nooimgy station of Fl-
BOBOLI). Calculated concentrations and the statiktitdices described previously have been companedto another and
to the monitored values. Only statistics basedrsmual mean concentrations are reported in Tabde hrevity.

Table 1. Statistical indices based on annual meanentrations of N© Model performances are defined acceptable if FAZ> -
0.3<FB<0.3 and NMSE <4 (“acceptability” criteria®hang and Hanna, 2004).

Scenario MEAN [pg r'ﬁ] FB SIGMA FS COR | FA2| NMSE| WNNR NNR
Measures 161.0 0 77.0 0 1 1 0 0 g
Base 143.7 0.11] 89.5 -0.15 0.87 1.00 0.10 0.11 .09
S1 122.2 0.27 67.4 0.13 0.89 1.00 0.14 0.13 0(14
S2 110.6 0.37 39.4 0.63 0.90 1.¢O 0.23 0.23 0}13
S3 135.6 0.17 79.5 -0.01 0.88 1.(])0 0.11L 0.1p 0j11

Examination of the statistics shows that results/@d to be particularly sensitive both to fleetcafs, street geometry and
urban background.

Replacing emission prediction using fleets of cardhe year 2008 instead of the year 2002 (scenadfip results in a
consistent change of the concentration levels. &fea substantial decrease in calculated condiamtsaof NQ, due to the
lower emissions of the newer fleet of cars. Onlihee of this result the choice of the fleet of aatated to the year of
interest appear to be crucial in order to obtalialbée predictions.

The use of simplified geometry of the streets (adenD2, all the streets were considered open itgriastead of
distinguishing between street canyons and openitestreets on the base of street height and wid#tts to the largest
decrease in calculated concentrations of Ni®e reason for this result is connected withuhderestimation tendency of the
Gaussian plume model for street canyon configunatithis is due to the neglecting of the pollutatirculation that causes
high concentration levels inside the canyons. @nbtise of this result the evaluation of the sigeemetry (canyon or open
terrain) appear to be fundamental in order to obtaliable results.

The urban background turns out be another impoféator that should be accurately taken into actduarthis case, the use
of urban background estimations from MODIVASET-2 dab simulations (scenario D3) doesn’t provide digant
improvements in the model performances. The usearfel estimations of the urban background in appbas like this,
where the background monitoring sites are welltedanside the study area, doesn’t appear to beecnent if we consider
the complexity of the model, the computational #r&processing time.

On the base of the critical analysis of the serisjtresults, the set of parameters used in theattiad of the Base scenario
(fleet of cars of the year 2002, inclusion of strg@ometry, urban background from FI-Boboli monitgrstation) turn out to
be the best calibration for SIRANE in the presemqiaption; for this reason SIRANE results used ia fbllowing validation
exercise were carried out adopting the paramefafedase scenario.

Validation versus monitoring data
Statistics described previously have been caladlatsed on annual mean concentrations and onntigesgries of hourly

mean concentrations of NONO,, CO and PM, for each monitoring site. Only results about caoricions of NQ are
reported in Table 2 for brevity.

Table 2. Statistical indices based on annual meanentrations and on the historical series of lyaugan concentrations of NOModel
performances are defined acceptable if FA2>0.8<fB<0.3 and NMSE <4 (criteria of Chang and Har2(94).

NOXx ['Cl”gEfn';‘] FB SIGMA FS COR | FA2| NMSE WNNR NNR
Annual mean | Measures 161.0 0 77.0 0 1 1 0 0 g
concentrations | Simulations 143.7 0.11 89.5 -0.1% 0.8 1,00 0.10 110.{ 0.09
Time series of | Measures 158.4 0 156.9 0 1 1 0 0 q
hourly mean ) -

concentrations | Simulations 142.1 0.11 158.4 -0.01 0.78 0.66 0.61 .340| 0.58

Good performances are obtained for nitrogen andocaoxides both in terms of annual mean conceatraand of time
series of hourly mean concentrations, while pertoroe values for P\ seem to be poorer, but however provided
satisfactory values. As a matter of fact, accefitghiriteria proposed by Chang and Hanna (2004)variied for all the
pollutants, although Chang and Hanna's resultsedegred to research level measurements.
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The exploratory data analysis by simply plotting thata confirms the result obtained in terms dissteal analysis. Good
performances are obtained for all the pollutanth liw terms of annual mean concentrations and sienes. An example of
time series results for a roadside site in a wiatet a summer week is shown in figure 3, as well asmparison with the
measures and the background concentrations. Thpasson between predicted and observed valuesiis good, the

general trend of the time series is correctly rdpoed, specially in the winter period. Most of theasured concentration
peaks are correctly reproduced by the model. Dusagmer the model has the general tendency to stumege the

concentration value; this is probably due to thergwediction of the traffic volume data derivedrfr the mobility model

VISUM 10. The time series plots show that the urbaokground turns out be an important factor thastnbe accurately
considered in order to avoid systematic underesitma
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Figure 3. Comparison of simulated and measured $emes of hourly mean concentration in corresppodef the traffic monitoring
station FI- Rosselli for a winter (top) and a sumifi@ttom) week

CONCLUSIONS
The obtained results permitted to identify the nuoiical input data requirements:

1) Street geometry: an evaluation of the height aitth of the streets is necessary to identify pinesence of the street
canyons and their characteristics and consequen#gtimate the air quality impact also in the potdocated in the urban
area.

2) Fleet of cars and traffic volume data: on theibaf the sensitivity analysis and the validatstady, the availability of
reliable traffic volume data (both spatial and tema disaggregation) and the correct choice ofiget of cars turn out to be
one of the most important requirements to obtatisfeatory predictions.

3) Urban background: looking at the validation gtudsults, it comes clear that not to consider uhgan background
produces a systematic underestimation of the pofiuevels. The urban background can be considsiredly taking into

account the concentration observed in a monitosiatjon well located inside the area of interestould be better than
using data deriving from complex models. Howeveis tloesn not affect the analysis of future scesastarting from the
hypothesis that background concentrations do ran@h).

All the aspects listed above were accurately camsidl in the evaluation procedure and permit tointaaeliable tool that
will permit to evaluate the effects of transpowdrpiing policies in the study area.
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