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Abstract

The main objective of the present work is the evaluation of the impact of the
vehicular fleet in the formation of the tropospheric ozone in the Metropolitan Area of
Sao Paulo (MASP). This evaluation was performed with numerical modeling techniques
using the Weather Research and Forecasting with Chemistry (WRF-Chem) air quality
model. WRF-Chem was set up to run with four nested domains with grid resolution of
27, 9, 3 and 1km. The emission inventory for the mobile sources was based on the
information of number of vehicles, vehicular emission factors and average driving
kilometers for vehicle per day. Air quality was simulated for four days, from December
6 to 09, 2004, being this period selected because there were experimental data to
determine the vehicular emission factors, better meteorological conditions for ozone
formation and there was more ozone observation available. To evaluate the simulation
performance, it was used the air pollutant concentrations data from the air quality
network of the So Paulo Environmental Agency (CETESB).
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Introduction

Over the past several years, ambient ozone concentrations in the MASP have
reached levels of more than five times that considered protective of public health by the
World Health Organization (WHO). Mage et al., 1996, for example, found that the
ozone levels in MASP exceed the WHO air quality standard, with concentration that are
greater than two times maximum concentration suggested by the same organization, this
can be explained by high emission of ozone precursors CO and NO,, that also exceed
the WHO air quality standard. Currently, even though total emissions of these pollutants

have been reduced in the past years, the numbers of Brazilian National Ambient Air-



Quality Standard (one hour maximum value of 160pg/m®) overtaking have increased.
By the other hand, is important enhance that yearly ozone national standard overtaking
variability answer to meteorological conditions for its formation, this conditions usually
happen in summer and specially during spring time (Carbone, 2008). In the MASP,
currently there are approximately 7.2 million passenger and commercial vehicles:
93.5% light-duty and 6.5% heavy-duty diesel vehicles. Of the light-duty vehicles,
approximately 76.3% burn a mixture of 78-80% (v/v) gasoline and 22% ethanol
(referred to as gasohol), and 17.2% use hydrated ethanol (95% ethanol + 5% water),
these data were obtained from CETESB, 2011. Because of vehicular contribution to
ozone precursors total emissions in MASP is greater than 95% of total emissions for
2004 (CETESB, 2005), the main objective of this study is evaluate vehicular impact in
tropospheric ozone representation in MASP by applying numerical modeling to a high

concentration episode that happened in September 2004.

Methodology

The air quality photochemical model WRF-Chem (Grell et al., 2005) was used to
represent tropospheric ozone formation and dispersion on the MASP. WRF-Chem was
configured to run with four nested grids: 27, 9, 3 and 1 km respectively. All centered in
the MASP. The chemistry process module, The Regional Acid Deposition Modell
version 2 (RADM2) mechanism (Stockwell, 1986), was activated to run on the finer 3
and 1 km grids. Only the mobile sources were considered as anthropogenic sources. The
emissions inventory was built with information of vehicles number, emission factors
(FE) and average number of kilometers traveled per day by the considered types of
vehicles. In 2004 the vehicular fleet was 5.8 million approximately (Source: DETRAN,
State department of Traffic). The emission factor for gaseous and particle compounds
was based on measurements inside road tunnels (Sanchez-Ccoyllo et al., 2009 and
Martins et al., 2006). The spatial distribution was based on nighttime lights satellite data
for 3 km grid and on International Environment Database (IED) CO daily product
(Lents et al., 2012) for 1 km grid. The temporal variation is based on measurements of
traffic density. NCEP FNL Operational Global Analysis was used as meteorological
input, its spatial resolution is 1°x1°, it’s also has 26 vertical levels and is available every

six hours. The chosen simulation period was from September 06 to 09, 2004.
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Fig. 1. NOx emission rate for 3 km (left) and 1 km (right) grids at 18h, local hour.

Results

The results of the comparison between measured and simulated pollutants show
that the physical and chemical configurations represent well the ozone formation diurnal
cycles; nevertheless, there are discrepancies in the representation of the occurrence of
the maximum concentration. This can be explained as a result of the same emission
profile used for all the grids point and vehicles types. Ozone concentration in 3 km grid
presented better statistical parameters; however, simulated minimum concentrations
were overestimated in both grids, probably as result of underestimated NOx emission at
minimum ozone concentration time, this behavior was observed by Tie et al., 2007 in
some simulated regions. Figure 2 shows the comparison of observed with 3 km and 1
km simulated ozone in eleven stations of CETESB air quality network in MASP. In
general, correlation and concordance indexes were bigger than 0.8. Mean RMSE for 3
km and 1 km cells were 31.9 and 32.2 pug/m?® respectively. The paired peak prediction
accuracy was -8.2 and -17.1 pg/m® for 3 km and 1 km grid cells respectively. Figure 3
shows a Taylor Diagram (Taylor, 2001) for ozone concentrations in the eleven
evaluated stations of CETESB air quality network, where graphically is shown that 3
km grid resolution presented better performance. This situation is associated to the
emissions scheme used in both grids and the transportation of ozone and its precursors
among metropolitans regions in the Sao Paulo State, that it’s not considered in 1 km

grid.
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Fig. 2. Observed (black) and simulated for 3 km (blue) and 1 km (red) grid cells ozone
concentration (in pg/m?®) for eleven stations of CETESB monitoring network air quality
stations in MASP for September 06-09, 2004. The green line represented the air quality

standard for this pollutant (one hour maximum value of 160 pg/m®).
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Fig. 3. Taylor Diagram for ozone concentrations.



By applying the criteria suggested by Sillman, 1995, where a value of 0.28 for
CH>O/NOy ratio during afternoon, considering
NOy=NO+NO»+HNO3+PAN+NO3+2N,0Os, could define a NO, and VOCs limited
regime transition; we can concluded that MASP is under a strong VOCs-limited regime.
This result is consistent with results obtained by Martins, 2006; Sanchez-Ccoyllo et al.,

2006 and Orlando et al., 2010.
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Fig. 4. Surface representation of CH,O/NOy, modeled ratio at 14h, local time in MASP.

References

Carbone, S., 2008. Modelagem de o0z6nio troposférico em regides urbanas —
Aperfeicoamento do modulo quimico no modelo CIT. Dissertacdo de mestrado.
Departamento de Ciéncias Atmosféricas do Instituto de Astronomia, Geofisica e
Ciéncias Atmosféricas da Universidade de Séo Paulo.



CETESB, 2005. Relatério de qualidade do ar no Estado de Sdo Paulo 2004. Série
Relatérios/Secretaria do Estado do Meio Ambiente, Sdo Paulo, 137p. (ISSN 0103-
4103).

CETESB, 2011. Relatorio Anual de Qualidade do Ar no Estado de Sdo Paulo 2010.
Série Relatorios/Secretaria do Estado do Meio Ambiente, Sdo Paulo, 234p. (ISSN 0103-
4103).

Grell, G. A. Peckham, S. E., Schmitz, R., McKeen, S. A., Wilczak, J., Eder, B., 2005.
Fully coupled “online” chemistry within the WRF model. Atmos. Environ., 39, 6957-
6975.

Lents, J., Walsh, M., He, K., Davis, N., Osses, M., Tolvett, M., Liu, H., 2012.
Handbook of air quality management. International Sustainable Systems Research
Center. (http://www.agbook.org/).

Mage, D., Ozolins, G., Peterson, P., Webster, A., Orthofer, R., Vandeweerd, V.,
Gwynne, M., 1996. Urban air pollution in megacities of the world. Atmospheric
Environment, 30, 681-686.

Martins, L. D., 2006. Sensibilidade da formacdo do ozonio troposférico as emissfes
veiculares na Regido Metropolitana de Séo Paulo. Tese de Doutorado. Departamento de
Ciéncias Atmosféricas do Instituto de Astronomia, Geofisica e Ciéncias Atmosféricas
da Universidade de S&o Paulo.

Martins, L. D., Andrade, M. F., Freitas, E. D., Pretto, A., Gatti, L. V., Albuquerque, E.
L., Tomaz, E., Guardani, M. L., Martins, M. H. R. B., Junior, O. M. A., 2006. Emission
factors for gas-powered vehicles traveling through Road tunnels in Sdo Paulo City,
Brasil. Environmental Science & Technology, 40, 6722-6729.

Orlando, J. P., Alvim, D. S., Yamazaki, A., Corréa, S. M., Gatti, L. V., 2010. Ozone
precursors for the Sdo Paulo Metropolitan Area. Science of the Environment, 408, 1612-
1620.

Sanchez-Ccoyllo, O. R., Ynoue, R. Y., Martins, L. D., Astolfo, R., Miranda, R. M.,
Freitas, E. D., Borges, A. S., Fornaro, A., Freitas, H., Moreira, A., Andrade, M. F.,
2009. Vehicular particulate matter emissions in road tunnels in S&o Paulo, Brazil.
Environ. Monit. Assess., 149, 241-249.

Sanchez-Ccoyllo, O. R., Ynoue, R. Y., Martins, L. D., Andrade, M. F., 2006. Impacts of
ozone precursor limitation and meteorological variables on ozone concentration in S&o
Paulo, Brazil. Atmospheric Environment, 40, 552-562.

Sillman, S., 1995. The use of NOy, H202 and HNOS3 as indicators for ozone-NOXx-
hydrocarbon sensitivity in urban locations. Journal of Geophysical Research, 100,
14175-14188.

Stockwell, W. R., 1986. A homogeneous gas phase mechanism for use in a regional
acid deposition model, Atmos. Environ., 20, 1615-1632.


http://www.aqbook.org/

Taylor, K. E. 2001. Summarizing multiple aspects of model performance in a single
diagram. Journal Geophysical Research, 106, 7183-7192.

Tie, X., Madronich, S., Li, G. H., Ying, Z. M., Zhang, R., Garcia, A., Lee-Taylor, J.,
Liu, Y., 2007. Characterizations of chemical oxidants in Mexico City: a regional
chemical/dynamical model (WRF-Chem) study. Atmos. Environ., 41, 1989-2008.



