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Abstract: : The Metropolitan Region of Greater Vitória (RMGV) is located in the state of Espírito Santo (Brazil) 
and is a region that has many industrial emissions such as mining-steel, logistics, etc and still has large 
vehicular emissions (IEMA, 2011). The emissions of atmospheric pollutants of RMGV were inventoried and made 
available by the IEMA for the population. With this information, pollutant dispersion researches were 
developed, such as Loriato (2015), which identified that vehicular emissions could be overestimated, mainly for 
particulate matter, results that were also observed in studies of Santiago (2015) and Pedruzzi (2016). In 2013 
the Brazilian Ministry of the Environment (MMA) released the National Inventory of Atmospheric Emissions by 
Road Automotive Vehicles together with its methodology and emission factors for Brazilian vehicles and fuels. 
Based on the MMA methodology, Araújo (2016) developed an inventory of vehicular emissions for the RMGV, 
applying the emission factors from MMA methodology for fleet of 2010 in the study region. From the new 
inventory and with the intention to apply it in air quality models such as CMAQ, the spatial and temporal 
allocation and chemical speciation of the emissions were performed using the SMOKE model version 3.5.1. 
Based on studies in the RMGV and mainly on the possible overestimation of pollutant emissions, the objective 
of this work is to apply the emission inventory developed by Araújo (2016) in the CMAQ model, comparing the 
results with those found by Pedruzzi (2016). For generation of meteorological fields, the WRF model version 
3.6.1 was applied and for dispersion of pollutants it was used the CMAQ v. 5.01. 
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INTRODUCTION  
The air quality of a region is the result of complex 
interactions involving the emission of air pollutants 
from stationary and mobile sources, local and 
remote, natural and anthropogenic, which 
together with the weather and topography of the 
region determine concentration of pollutants. 
Thus, it is crucial understand the emission 
inventory of pollutants aiming effective 
management of air quality in a region. 

Large industrial facilities were installed in the 
metropolitan region of Vitoria (RMGV), Espírito 
Santo, Brazil (Fig.1), but unfortunately, the main 
wind direction in the area carry the gases and 
particles emitted to the most populated sector of 
the city.(Loriato et. Al., 2013), and because of this 
quantity of pollutant emissions and complains 
about air pollution, the Local Environmental 
Protection Agency (IEMA) released the current 
local inventory for RMGV with emissions coming 
from facilities like mineral and metallurgical 
industries, thermoelectric, ports, airports, 
vehicles, dust resuspension, etc. 

The inventory provided has been adapted and 
tested with the air quality model (AQM), Chemistry 
Model Air Quality (CMAQ) in studies of Loriato 
(2015), Santiago (2015) and Pedruzzi et al. (2015) 

that used CMAQ over RMGV using the local 
inventory and found that it could be 
overpredicted. 
 

 
Fig. 1. Metropolitan Region of Great Vitoria - RMGV 
(study area in dark green). 

Loriato (2015) and Santiago (2015) in their 
research explain that the emission inventory 



 
 
created needs some upgrades in future versions, 
more explicit in its chemical speciation, temporal 
and spatial allocation and, mainly, choice of 
emission factors. It was concluded that particulate 
matter resuspension values in RMGV roads were 
likely overestimated, claiming an improvement in 
IEMA’s inventory. 

The present work conducted the spatial and 
temporal modeling of the emissions of traffic 
routes in the metropolitan region of Vitoria, 
through the SMOKE emissions model, using data 
from the 2010 emission inventory, new emission 
factors and actual composition of the current 
vehicle fleet, proposed by the Ministry of 
Environment of Brazil, which had sources 
georeferenced and temporally allocated, emissions 
chemically speciated and subsequently included in 
the SMOKE model 
 

METHODS 
Due to the factors above exposed, an intensive and 
deep analysis was promoted in the IEMA’s original 
emission inventory, identifying some 
methodological deviations, but two principal: 

• Simplified use of just one value (emission 
factor) to represent all ages of vehicles; 

• Overestimation of ressuspension fraction, 
and double counting of emissions from vehicles in 
the form of exhaust, brake wear, and tire wear 
due to use of outdated AP-42 section 13.2.1 Paved 
Roads, from October, 2002. 

Vehicle atmospheric emissions of RMGV were 
recompiled and the emissions rates were 
recalculated using the new methodology according 
Brasil (2014). The principal goal were to identify 
the different parts between the two, estimate the 
emissions rate according current national methods 
and apply it in Sparse Matrix Operator Kernel 
Emissions (SMOKE) v3.5.1 using time (hourly) and 
space variation and chemical nature (speciation)  
for performing the preparation of the inventory for 
use it in air quality models. 

After the change of emissions rates in vecular 
emissions, the sources were divided in two types: 
point and area sources, as IEMA’s inventory do. 
Sources, whose features required them to be 
classified as point sources ($PTINV) by the model 
such as font height, diameter of the chimney, 
emitted gases temperature, stack gas exit velocity, 
etc., were so classified. Area sources ($ARINV) 
were composed of regions exposed to various 
materials and urban roads, commercial, residential 
emissions and the new emissions from vehicular 
emissions. 

From the perspective of emissions inventory, the 
chemical speciation implies the use of the 
chemical mechanism (ex: CB05) that is the 
mapping of pollutants for emissions inventory, for 
species of interest required in AQM. Therefore, the 
percentage of each chemical component of the 
CB05 chemical mechanism for all types of 
emissions of PM2.5 and VOC were performed 
according SPECIATE V4.2 database (USEPA, 2009) 
adapted to local emissions and regional 
experimental measurements. 

The spatially allocating of regional emission 
inventories into grid cells depends on the source 
characteristics and resolution size (Zheng et al, 
2009. For large industrial plants, emissions from 
chimneys were treated as point sources and 
allocated directly to grid cell based on their 
geographic coordinates (latitude and longitude). 
For allocating area sources and vehicular source 
emissions, Geographic Information System (GIS)-
based road network information as spatial 
surrogates was adopted. This approach has been 
shown to provide more reasonable spatial 
allocations of regional mobile source emissions, 
especially at higher resolutions (Zheng et al, 
2009c). 

To compare the SMOKE and CMAQ results with 
Pedruzzi (2016) that used in this work the current 
IEMA’s inventory emissions, were simulated 
meteorological fields for August 2010, same period 
of Pedruzzi (2016) using the Weather Research and 
Forecasting model WRFv3.6.1. It used four nested 
domains starting at 27-km grid resolution with 
nests at 9-km, 3-km and the 1-km finest resolution 
with 120 x 120 km, centered on 20.251°S, 
40.285°W, all domains with 21 vertical layers. The 
initial and boundary conditions were provided from 
NCEP Global Forecast System (GFS) with 0.5° x 
0.5° horizontal resolution and MCIP was used to 
extract 61x79 1-km grid cells were used from the 
inner WRF domain (120x120km). 

The CMAQ v.5.0.1 were used to simulate the 
pollutant dispersion over RMGV, using CB05 for 
chemical mechanism and AERO-06 aerosol. 

FINDINGS AND ARGUMENT 

Preliminary simulations in SMOKES reveal large 
differences between the two inventories 
methodologies for vehicular emissions. The Fig.3 
and Fig.4 shows this discrepancy, in principal 
vehicular emissions, because the highest emissions 
cell of the domains is located in an industrial area 
and it is possible to see this cell in both scenarios 
but the vehicular emissions are smaller when the 
MMA methodology is applied, as we can see by the 
figures. 



 
 

 
Fig. 3. IEMA’s current inventory for PM10. 

 
Fig. 4. New inventory using MMA methodology for 
PM10. 

EXPECTED RESULTS AND CONCLUSIONS 
For CMAQ simulations is expected the same 
discrepancies between the two dispersions 
scenarios, because one inventory is overestimating 
the emissions and the other is probably 
underestimating the emissions. These differences 
in both situations implies that the RMGV emissions 
inventory needs a huge review. 
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