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Abstract: This study presents the application of the Dafiglerational Street Pollution Model (OSPM) in Bugerfdres city. Most of the
street canyons in Buenos Aires are very irregulhie OSPM model is applied to estimate NBO, and CO concentrations in a street
canyon of a five-lane avenue. The avenue axisigtated E-W and the monitoring site is locatedtmn southern side. Buildings on the
northern side are quite regular and about 10 m.l@ghthe southern side, building heights are inagearying from 10m to 80m. There is a
street intersection a few meters west of the manicsite. The traffic in the avenue is about 38@0day and it is about 13000veh/day in
the perpendicular street. Urban background conagoris are modelled with the DAUMOD model. Meteogital information registered at
the domestic airport, located in the city, is usédree months of hourly estimations have been coedpaith measurements. Though
location of the monitoring station is not optimat tomparisons with the OSPM model estimations, ehpdrformance is good. As a whole,
results slightly underestimate observed values.fidaional bias (FB) is 0.083 for N@stimations, 0.031 for NQvalues and 0.077 for CO
values. Furthermore, 80% of NC7% of NQ and 61% of CO estimated values are within a faofoR the observations. For wind
directions from the sector where the intersectolocated, the under-predicting (FBfn) and ovedmting (FBfp) components of FB are:
FBfn(NQ,)=0.324, FBfp(N@)=0.056, FBfn(N@)=0.121, FBfp(NQ@)=0.079, FBfn(C0O)=0.338 and FBfp(C0O)=0.086. Undenestions can
be mainly because traffic in the crossing strestria been included in model calculations.
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INTRODUCTION

The increasing public concern on air quality in ity of Buenos Aires led local authorities to designd start the
installation of an air quality monitoring netwonk the city. However, the network will be able taaddcterise the urban air
pollution based on measurements at a few fixedtpoirhis leads to a relatively high temporal resotuof the pollutant
concentration evolution, while usually resultingarrather poor spatial resolution. However, theeeapplications such as
the estimation of the overall urban air qualitytiee exposure of the urban population to atmosplpaiicition which require
a much more detailed knowledge of the spatial tianezof pollutant concentrations within individustreets. The purpose of
this study is to apply the Danish Operational StrBellution Model (OSPM) model ‘operatively’ usingoutine
meteorological observations in the city and backgob contribution estimated using the DAUMOD modihe OSPM
model has been successfully tested against matétons in Denmark, in other European countries)escities in Asia and
in New York (Berkowicz, R. 1998, 2000, Fu, ¢t al, 2000, Kukkonen, Xt al, 2001, 2003, Aquilina, N. and A. Micallef,
2004, Gokhale, S.Bet al, 2005, Vardoulakis, Set al, 2007, Berkowicz, Ret al, 2006, 2008, Mensink, C. and G.
Cosemans, 2008, Jensen, &i3l, 2009).

This study is the first evaluation of the applididpiof the OSPM model in the city of Buenos Airegjere most of the street
canyons are irregular. Three months of estimatenijhconcentrations of nitrogen oxides ((nitrogen dioxide (Ng and
carbon monoxide (CO) are compared with measurenagrdee of the monitoring stations of the Environtaéfrotection
Agency of the Government of the city of Buenos Aires

THE MODELS

The OSPM is a parameterised semi-empirical modelfliwv and dispersion conditions in street canyonke model
calculates concentrations of exhaust gases ustognaination of a plume model for the street dimtribution and a box
model for the re-circulating part of pollutantstire street. The parameterisation of flow and d&parconditions in street
canyons was deduced from extensive analysis ofrempetal data and model tests. These results hese bsed to improve
the model performance, especially with regard fedint street configurations and a variety of metéogical conditions.
For more detailed descriptions of the model, se&®ecz, R. (1998, 2000). The application of OSPMd®larequires input
data such as traffic in the street, street geometegeorological data and also background condssrraontributions.
Background concentrations of NONO, and CO have been estimated using the urban atmisplispersion model
DAUMODv.4 (Venegas, L.E. and N.A. Mazzeo, 2002, @00This version of the model estimates hourly-aged NQ
concentrations using a polynomial expression (DatwR.G. and D.R. Middleton, 1996, CERC, 2003).

SITE AND DATA

The monitoring station is located on the southéie ef Cérdoba Ave. (Figure 1) near the intersectigth R. Pefia St. This
station will be part of the future air quality maming network of Buenos Aires city. It started tpesate on June 2009.
Cordoba Ave. is orientated E-W and it is approxinya8®m wide. Measurement height is 2.5 m. Buildiogsthe northern

side of this avenue are regular and low (approxéiyat0 m high). The height of the buildings on Hmithern side varies
from 10 m to 80 m. The scheme of this street caméiion considered in the OSPM runs is shown irufe@. The street
intersection is included as an opening betweerdings.
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Figure 1. 3D perspective of monitoring site lion (e) (Picture: Figure 2. Scheme of Cérdoba Ave. street car
Google Earth) considered in OSPM calculatio

Traffic flow in Coérdoba Ave. is approximately 38008h/day and in R. Pefia &t is 13000 veh/dayinformation on traffic
flow, average roadraffic speed and composition of road traffic hagm obtained from several reports elaborated ksl
authorities (GCBA, 2006, GCBACOM, 2006). Unfortunately there is no informatiom toaffic flow for the period of stud
(June-August 2009). Informatioon NG, and CO emissions was obtained from the emissiomiovies elaborated for tt
city (Mazzeo N.A. and L.E. Venegas, 2003, PinedmKd.et al., 2007).

Hourly meteorological data registered at the doimeairport located in the city is used inSPM and DAUMOD
calculations.

RESULTS

Comparison of hourly observed andnodellec concentrations

Hourly concentrations of NONGO, and CO in the monitoring site were estimated udieg@SPM model considerironly
the vehicles in Cérdoba Av€omparison of observed and modelled hourly averagadentrations of N,, NO, and CO are
presented in Figure 3. The data have been catedoiigo two ambient wind speed classes, U> 2t and Lk 2 m .
Scattemlots show that there is an underestion of high peak values. These high values arbaisty due to the traffic da
used as input to the model. For all pollutants mered, the scatter of data is wider for light aanibiwind speed

(U< 2 m ¢ than for higher ambient wind speeds. A siary of the observed and modelled data and theemgent i
presented in Table 1. The statistics included i Table are the number of values (N), mean, medi@ximum and sigm
values, bias, normalised mean square error (NM&d&)elation coefficiet (Corr), fraction of modelled values betwee
factor 2 of observations (FA2), fractional bias (RB) he under-predicting (FBfn) and ovpredicting (FBfp) componen
of FB (Chang, J.C. and S. R. Hanna, 20

Table 1. Summary of the observed and rlled concentrations in Cérdoba A

All data U>2m¢g U<2mst

NO NO NO NO NO NO

(ob) (o) COPP™  (oob)  ppb) SO PP™ (o)  (ppw) OO (PPM)
N 1482 1482 1218 1183 1183 946 209 299 272
Mean obs. 13261 3985 093 11501 3755 077 19867 4894 148
Mean mod. 12210 3862 086 11184 3646 073 16268 4714 131
Median obs. 1072 380 064 9600 3650 050  167.30 4820 142
Median mod.  109.6 391 064 10460 3753 _ 058 14761 4901 102
Max. obs. 6488 1180 614 5120 1100 614 _ 6488 1180 601
Max. mod. 3920 713 422 3085 626 258 3929 7130  4.22
Sigma obs. 9903 1513 090 8277 1374 077 _ 13008 1686  1.07
Sigma mod. 7023 1183 069 5974 1071 051 9091 1222 099
Bias 1051 123 007 4.08 1.09 004 3599 1.79 0.17
NMSE 0.34 009 056 0.27 0.08 055 040 009 0.47
Corr 0684 0656 0682 0696 0647 _ 0696 0576 0529 0589
FA2 0802 0967 0605 0819 0974 _ 0595 0732 0940  0.640
FB 0083 0031 0077 0036 _ 0029 _ 0053 0199 0037 0124
FBm 0246 0126 0282 0215 0124 0276 0321 0129 0294
FBip 0163 0094 0205 0180 0095 0223 0122 0092 _ 0.70

Statistics for all data are similar to that obtdider other street canyons in the literature (Kuidw J.et al. 2003, Jensen,
S.S.et al, 2009). Theseesults show a good agreement between modelleéwvand observations. In general, the m
underestimates the observed values. However, it beisonsidered that measurements are affecteldeblydffic flow alonc
the crossing street. Table 1 also skaWat in this case the model has a better perficendor U > 2 m ™ than for low
ambient winds.
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Figure 3. Comparison between observed and modedady concentrations of NGppb), NQ (ppb) and CO (ppm), categorised into two
wind speed (U) classes. Lines showing an agreebewneen estimations and data by a factor of twas@indicated.

Air pollution roses

The influence of traffic flow in the crossing stréR. Pefia St.) can be seen in the air pollutioegascluded in Figure 4.
Greater differences between observed and modelésthmalues appear for the S-W quadrant. The difée® observed for
southern winds may be explained because these airedgsually low and 17.4% of these cases deveksgienn winds at
street level (Mazzeo, N.A. and L.E. Venegas, 2010).
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Figure 4. Comparison between observed and modgitgubllution roses for NQ NO, and CO.

Hourly concentration values were grouped into tfesges according to wind direction: a) “trafficdrgection effect” (SSW,
SW, WSW, W and WNW) and b) “no traffic intersectieffect” (other wind directions). The comparisonotiserved and
modelled hourly values considering these two grdaimmarised in Table 2. These results clearyvstine influence of
traffic in R. Pefia St., especially for NN@nd CO (primarily emitted). The ratio (Mean mod.Avebs.) is 0.76 for NCand
0.77 for CO, suggesting that the contribution ofttlaffic in R. Pefia St. is about 24% of the obsemaddes.
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Table 2. Summary of the observed and modelled carat®ns in Cérdoba Ave. for two wind directiorogps.

“traffic intersection effect” “no traffic interséion effect”

NO (ppb) NG (ppb) CO (ppm) N@(ppb) NG (ppb) CO (ppm)
N 433 433 351 1000 1000 825
Mean obs. 179.00 43.57 1.33 109.88 37.98 0.73
Mean mod. 136.75 41.78 1.03 112.41 36.60 0.75
Median obs. 159.0 41.6 1.35 90.5 36.7 0.45
Median mod. 136.9 43.5 1.01 99.2 36.5 0.55
Max. obs. 614.0 118.0 4.57 585.9 99.4 6.14
Max. mod. 337.6 65.2 2.98 364.3 68.5 3.69
Sigma obs. 107.66 15.70 0.90 81.96 14.05 0.78
Sigma mod. 67.94 11.11 0.68 65.47 11.39 0.61
Bias 42.25 1.79 0.30 -2.53 1.38 -0.01
NMSE 0.29 0.09 0.34 0.30 0.08 0.63
Corr 0.749 0.612 0.733 0.676 0.683 0.673
FA2 0.838 0.972 0.687 0.803 0.978 0.587
FB 0.268 0.042 0.252 -0.023 0.037 -0.018
FBfn 0.324 0.121 0.338 0.192 0.128 0.243
FBfp 0.056 0.079 0.086 0.215 0.091 0.261

Hourly mean concentrations
The comparison of daily variation of hourly meandelted and observed concentrations is presenté&dgime 5 for NQ,

NO, and CO. In general, estimated variations are viesedo the observed ones. Uncertainties in trélffiw input data may
explain the departures between estimated and adzbemean values. These differences are larger fekevel calculations.
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Figure 5. Average diurnal variation of observed amatlelled NQ, NO, and CO concentrations.

CONCLUSIONS
The results presented here support the fact tHatively simple methods for modelling traffic pdilon can provide

reasonable good results without excessive computmg. OSPM calculations combined with DAUMOD baakgnd
contribution estimations, show acceptable resolt@afcomplex street canyon in the city of Bueno®#\iThe fractional bias
is 0.083 for NQ estimations, 0.031 for NQvalues and 0.077 for CO values. Furthermore, 80%@f 97% of NQ and
61% of CO estimated values are within a factor tifeeobservations.

The use of actual traffic data information and thelusion of the traffic flow in the crossing sttemay improve the
modelling results. The contribution of traffic esisn in the crossing street seems to be approxim@4% of the

measurements.
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