Dispersion of Carbon Monoxide Trafflc Emissions in Streets in Milan City
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in the frame of the UNR {Resenrch Nationa! Council) rescarch project entided "Taffic planning and air pollution in urban
areas” the PMIP of Milan is carrving our a study in order to describe the dispersion of a pollutant inside a street canyon. The
fnal purpose of the cutstanding project is 10 develop a support model for urban arca planning which allows o value the
tmpact on air guality of specific measures regarding signal phasing/timing and queue length near an intersection. The first
phase of the project regards the intercomparison of different dispersion models in order @ evaluate the most adequate to be
applied during the ficld e}:pcrimcm as provided in the second phase of the study. This paper describes the principal results
obtained in evaluating the performance of three modelling technigues, CALINE4, CPB-3, and Johngon's formula, in
simulating CO0 concenrations in three streets of Milan, The inpot data include background concentrations, meteorological and
raffic observations: these data are updaied for every l-hour simulation by developed databuses processors. The hourly
ernissions have been calcolated using the CORINAIR methodology tuking into account vehicle flest identification, hourly
trallic fow and hourly ambient temperatare measured by the monitoring network, Simulations have been compuied for thres
streets of bilan with different facility types and location: the first one belongs o the dense tradfic ring-road around the city,
the second one is a low-raffic side street and the Jagt one i3 o typieal street canvon located in central business district. The
models have been applicd o compute -howr €O concenirations slong a period of two months, The computed and observed
CO concengrations time series have been compared using some models performance methods. The results are described in
detail for each of the sirests Investigated. Mma, ver the application of a lagrangion model GEM (o the same input datasets is
nowadays in conrse: this paper Mustrates some preliminary simulationy oblained using GEM 1o one of the three sizels.

1. INTRODUCTION comparison with the corresponding measuremenis.
Milan is located in the MNorth of Tiaby and is one of the most

urbanized 1owns of the country. 1t has a population of 2, METHODS

approzimately 1.5 millions  inhabitanis.  MNumorous

indusirial activities fake place i the neighbouring wowas The cheice of the modelling technique to simulake the

while the most part of teriary and com meci
conceniraied in the ity . Milan and t
are Adr Cuuality standards nonatialnment arens for Huh{m
monoxide and mitrogen dioxide. also for owonge Hmitedly
during summertime.

In order to investigate the transport and diffusion of carhon
monoxide related o waffic emissions inside strests in
Milan & research study is caried out within the frmmework
of a project promoted by TR {(Research Mationad Couancil).
The final ohjective iL; o provide the opportonity of
pradiciing the £0 levels o be expecied in association with
speciic gaffic  munagement  scemarios  in particular
regarding signal ;}has,mb/a.zmmg and guewe length near an
intersection, For this purpose a feld cxperiment will be
carried out 1o obtain all observations needed o verify
mathematic models forecasts. The {irst phase of the swdy
consists in some preliminar ests for eovaluating the
performances of available modeling technigques fHat will T
applied to the final measurement campaign U0 datasets,

In this paper results of three whan m ALm‘»w} dispersion
modeling methods are compared with 00 observations
megsured during November and December B9 in some
streets of Milan, A short deseripstion of the case studied are
given, selected simulatons results are then presented in

activities are spatial disiribution of pollutant concentraiion inside a

sireet, depends on the pasticslar fopography considered
since there is no model suitable for ol situations. In this
swudy four models have been considered: the CALINE4
{Benzon [19841), CPB-3 [Yamartipo et al, [19897) and
GEM (Lanrani {19921 modefs and the formula of Johason
gt alb, (19711 The frst ong I8 a Hoe souwce Gaussian
moddel; the second one is a Plume-Box mode! and the third
one 18 & Lagrangian ;s:zrééc » model, the last one s an
empirical box-model. A preliminary validation of available
models wig made by Laszand and Tamponi [1994] using
datz of two experimental campaigns caled ow in
Germany mand in France

An appmwmze processor MeP {(Milan Street Processorn),
applies at user's sequest one or more models described
above, extracting the hourly input data from rathic and
metorological datasets scquentially for several days. It
inchudes the calculaton of emission factors and provides
the mean 1-hour average concentrations computed by the
models over a period of dme selected by the user and for
the selected recepiors, The module uwsed io calculate the
composite emission factors is based on the CORINAIR-
COPERT G0 {Co-Ordination Information AIR) method of
the Bwopean Economic Community (Bggleston et al.,
9917y The module compuies them as a function of
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vehicle fleet composition, howrly waffic How, travelling
speed and environmental {emperature {Tamponi ¢t al,
[1992)). To obviate the circwmstance in which, as in the
present one, no information about the vehicle travelling
speed is available, user can choose one of five empirical
curves relating speed with waffic volames for five different
kinds of street (Bardeschi e al. [19907). The dispersion
medels require, as meteorological input data, hourly values
of wind speed and direction, ambient air femperature {used
also by the emission module), mixing height, Pasquill
stability class, wind direction standard deviation, Moreover
stationary models cannot provide a time evolution of the
sitnation, and the calculated concentration values do not
include pollutant accumulation phenomena due 10
emissions in the previous hours. Such  accumulation
phenomena are especially important in the meicorological
conditions that typically occur in winter in Milan (intense
thermal inversions, calm winds, stable high pressure). The
problem of adding, w© the computed calculations, 2
background value is therefore crucial. A fixed background
concentration is added to the model results concerning the
same day. As a statting point for estimating the
background the minimum among the 4:00, 500 and 00
aam. measured concentration values for every day  is used.
If this datz is not available, the background is evaluated
from the average of daily minimum reached in the month.

3. THE MILAN DATA BASE
The dispersion models CALINE4, CPB-3 and Johnson'

formula have been applied over a period of two months:
October and November 1989,

Viale Marche
i | ; ] 1, H L 1.
.\ I 7 i ]

Via Monreale

Figure 1: Map of Milan with the locations of the three sites

The available watfic data, hourly wraffic volumes counted
for gach lane, concern the field experiment carried out in

some streets of Milan by the Urhan Police Force during the
years 1989 and 1990, In the same sites the Alr Quality
Wonitoring Network of the Province of Milan recorded
metcorological parameters and CO concenirations used for
the background concenirations.

The models have been applied to three streets with different
facility types and locations: Viale Marche, Via Monreale
and Via Senato {Figure 1).Viale Marche is a thorough-fare
which is part of the Milan ring-road. It is a wide avenue
{about 32 ) with a three-lined taffic island and quite low
buildings {about 12 m) on both sides. Though a low-maflic
side strect, Via Monreale is a wide one (about 30 m) with a
wree-lined wallic 1sland and low buildings {sbout 10 m) on
both sides. Via Senato is a street canyon, with high gaffic
intensity, sitnated in the centre of the city: it isa 14 m wide
street with high bulidings {about 15 m) on both sides.

As an example of various traffic conditons, Figures 2, 3
and 4 show the hourly wratfic volumes recorded in the three
streets of study during November "89. It is evident for all
the three sites that different temporal trends characterize
workday, Saturday and Sunday, oven i iraffic volumes
depend on the street. It can be noticed that the vehicles
number in Viale Marche is very elevated, also during
nightime, and keeps on similar values on the different days
of the week. Instend in Via Senato tralfic volume tend 10
gerease during holidays (1 November and week-ends).
Also in Via Monreale vehicles number decreases during
holidays excepting Sundays in correspondence with the
soccer-match plaved in the near stadivm,

4. MODEL RESULTS

The three models were tested in three Milan streets (Viale
Marche, ¥ia Monreale. ¥Via Senato) using the hourly data
of November and December 1989, A statistical evaluation
was performed for each model and for each street using the
NMEE, BIAS and Fractional BIAS pavaneters defined by;

€. ~c
NMSE = Lﬁ—.—-:’“é)—
C. C.
e
BIAS =5 "M
A
pp = 2Ce 7 Cu)
Chu +C0

where Cy 18 the mean observed concentration and Cr is
the predicted concentration, respectively (Hanna, 1988).

Table 1 shows syntetically the results of the CALINE4,
{PB-3 and Johnson’ formala application to cach of the
three streets. The performance measures NMSE, BIAS and
FB wvalues are referred 1o the ensemble of concentrations
data which were collected in the period of two months
mentioned above,



As an example of iemporal trends of predicied With regard 1o Johmson's f{ormula, there is a little
concentrations some of the results are reported. Figure 5 improvement in the model performance excluding the
shows the observed CO concentrations fime series of evenls in which wind is paralle! 1o the street axis. In fact in
Naovember "89 compared to the results of CALINES model that case NMSE, BIAS and Fractional BIAS values are
applied w Viae Marche. In Figwre ¢ the observed CO 0.20, 0.21 and -00.23 respectively. Consequently, it is ¢lear
concentrations fime serics of November "89 is compared that, in the case of paraliel wind, it is not correct o
with the results of CPB-3 modcel. Finally Figure 7 presents consider as a conceniration value the average of the values
the CO concentrations time series of November '89 obiained in leeward and windward cases (according to
predicted by Johnson’s formula and the corrisponding Johnson’s hypothesis).

measured ones in Via Senato.
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Figure 2: Traffic volumes of Novemnber "89 in Viale Marche
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Figare 3: Traffic volumes of November "8% in Via Monreale
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Figure 4: Tralfic volumes of November 89 in Via Senato
The apphcation of the lagrangian model GEM o the same (for a period of 15 mimutes) concentrates 1 in one middle
input datasets is nowadays in course. Here are Hlustrated lane. Comparing the results, it can deduced that, even il the
some preliminary simulations obtained using GEM 1o Via maximom value of CO conceniration obtained i the
Senato. The typical canyon structure of this street speeds up second fest is much higher than in the first one, value on
the claboration time of the model. Precisely, hourly daia pavement road at man’s height is simiar in both cases.

shout 17 November "89 {(between 6:00 am. and 11:00

p.n.) have been elaborated.

Therefore, becanse of the shorter computation time, we
carried on the remaining simulations considering all the

We made two tests about the first hour (6:00 to 7:00 am.}x: raffic assembled in one lane. You can see in Figure 8 the
the first one (for a period of one hour) considers whole evolution of concentralion levels during the day relaied 0
traffic volume divided into three lancs and the second one varipions of waffic volumes,
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Computing statstcal parameters on these few CEM
0

outputs, we obiained the following values: NMSE = 0.
BIAS = 0.22: Fractional BIAS =1.20.
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Figure 5 Observed and computed concentrations by
CALINE 4 for Viale Marche
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Figure 6 Observed and computed concenmations by CPB3
for Via Monreale
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Figare 7. Observed and computed concentrations by
Johnson’ formula for Via Senato

Sirent Dispersion Model | NMSE | BIAS | FB

CALINE4 040 | 022 025

e Marchs PR3 0.53 002 0 002

Iohason's formulal 0.42 | 004 ¢ 004

CALINE4 046 | 032 038

Y, bonrpsie PB-3 .21 018 1 017

Johnson's formudal D30 1 0211 -0.24

CALINE4 .19 | <051 ) 068

V. Senaio CPB-3 .30 0391 4.18

Johnson's formulal 822 1 022 025

Table b Performance measures for each model as a
function of sites

CONCLUSIONS

i

These resulis point ouwt that each of the three modelliag
technigques evaluated shows very different perfommances in
simulating concentration of CO ai the three subeets
congidered We can draw the following conclusions:

- CALINE4 model is the one which best describes the
experimentat data only ia the case of Vide Marche, even if
generally lends o underestimate the concentrations;

- CPB-3 model and Johnson’s formula show the best
putcomes {or Via Monreale and Via Senato respectively,
aiving sinilar results even if the first model tends to lightly
overestimate the concentrations while the second one tends
10 underestimate them. It can be noticed that these specific
urban canyon modelling echnigues simulate quite well CO
in Via Monreale even if this is not a typical street canyon.
The results of the few preliminary applications of GEM w
Wia Senato are very Interesting and encourages 1o go with
tesis, Plang for the future could be o extend evaluation of
the maodels 1o other kinds of sireets and in particular at last
wr apply them 0 a specific mesurement campaign, with
more detailled informatons, as provided in the second
phase of the project.
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Figure %: Comparison between observed and compuied CO concentration time series of November "8% ln Viale Marche
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Figure 9: Comparison between observed and computed CO concentration time series of November "89 in Via Momreale
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Figure 18: Comparison between observed and computed CO concentration time series of Novenber *89 in Via Senato
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Figure 11: Evolution of CO concentrations computed by GEM model for the day 17 November *89 in Via Senato
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