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Abstract: This work aimed at developing an emissions inventory for the municipality of São Paulo with space and time 

resolution suitable for air quality studies. Methods applied followed a common emissions inventorying practice, where activity 
rates are combined with specific emission factors. Transport modelling for private transportation modes (passenger cars and 
motorcycles) and GPS tracking for public buses were the two main utilized sets of activity data. Emission factors applied 
represent the local fleet and traffic conditions (speed). The work resulted in estimated emissions from on-road passenger 
transportation for a 1 km per 1 km geographic grid in the São Paulo municipality, covering an hourly basis for a typical day in 
2015. Since activity data and emission factors applied are specific for São Paulo, emission results provides elements to better 
understand and propose solutions to the air pollution problem in the city, such as feeding dispersion models and promoting 
studies that explore the relationships among human activity, meterology, air quality and human health. 
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INTRODUCTION  
Air quality, as measured through the concentrations 
of atmospheric pollutants during a given moment, is 
a complex environmental aspect. It changes daily 
and seasonally as human activities generate 
emissions and varied climate impacts, interacting 
with the natural dynamics of the atmosphere. 
Therefore, managing the urban environment’s air 
quality requires the adoption of technically 
sophisticated instruments and the production of 
specialized information (IEMA, 2014). 
 
Emissions inventories are one of the most important 
strategic instruments for air quality management. 
Nevertheless, in Brazil, few are the examples of 
emissions inventories related to local scales, those 
of a city or metropolitan region, that can be directly 
linked to local air quality. 
 
Worldwide, the geographic representation of 
emissions estimates in urban scales are improving 
and becoming more common (Sidiropoulos et al, 
2009). These estimates can be used as input data 
for dispersion modelling and the results of these 
models can be used to formulate policies to improve 
air quality and human health (Cook et al, 2008). 
 
The population of São Paulo municipality has been 
suffering with air pollution for decades. Today, as 
the São Paulo State Environmental Agency reports 
(CETESB, 2015), the main pollutants that degrade 
the air quality in the city are particulate matter and 
ozone gas, with ambient standards stablished by the 
state systematically being exceeded. Also according 

to the Agency, transportation is the main source of 
pollution in the metropolitan region of São Paulo. 
 
The present work aims at developing an emissions 
inventory for the municipality of São Paulo with 
space and time resolution suitable for air quality 
studies. Besides estimating criteria pollutants 
(carbon monoxide, non-methane hydrocarbons, 
nitrogen oxides, aldehydes and particulate matter), 
this work also estimated greenhouse gas emissions 
(carbon dioxide, methane and nitrous oxide). 
 
Hence, the specific objectives of this work include 
representing transportation emissions in a high-
resolution geographic grid, detailed in daily profiles 
for a typical day and identifying source 
participation, by vehicle type and fuel. 
 
 
 

METHODS AND DATA 
In order to estimate emissions, the general equation 
was applied: 

E = A × EF (1) 
Where E is emissions (g), A is activity rates, and EF 
is emission factors. 
For this study, activity rates are expressed in 
distance travelled (km) and emission factors are 
expressed in quantity of emissions per distance 
travelled (g/km). 
 
Mainly, data for activity rates were provided by 
public agents: (i) transport modelling results from 
Companhia de Engenharia de Tráfego (CET), for 



 
 
passenger cars, and (ii) urban buses GPS data from 
São Paulo Transportes (SPTrans). Other data sets 
were also used such as origin-destination surveys, 
coach buses departures and arrivals records, vehicle 
registration and fuel sales. 

Emission factors applied for passenger cars and 
motorcycles where those published by CETESB 
(2016), based on type-approval tests, but adapted 
to reflect the influence of urban traffic. Curves 
relating emissions and vehicle speed where assumed 
as similar to those from the European Environment 
Agency Air Pollutant Emissions Inventory Guidebook  
2016 (EEA/EMEP, 2016). 
 
For buses, emission factors applied where those 
from EEA/EMEP, since Brazilian buses are mostly 
manufactured by European companies. 

 
FINDINGS AND ARGUMENT 

The work resulted in estimated emissions from on-
road passenger transportation for a 1 km per 1 km 
geographic grid in the São Paulo municipality, 
covering an hourly basis for a typical day in 2015. 
 
The inventory was capable of presenting analytical 
framing such as: 
(i) Daily emissions profile, hour by hour, by 

transport mode (an example is presented in 
Figure 1); 

(ii) Daily emissions maps, on 1 km2 grid, hour by 
hour, by source transport mode (an example is 
presented in Figure 2); 

(iii) Comparisons of total emissions by source 
transport mode; 

(iv) Comparisons of emissions intensity by source 
transport mode (example in Table 1). 

 
These results will soon be available on an online 
platform developed within this inventory containing 
user interactive graphs and maps. 
 
For most pollutants and greenhouse gases, 
passenger cars were found to be the main 
responsible for passenger transportation related 
emissions. Nitrogen oxides (NOx) and combustion 
generated particles have buses as major sources. 
 

 
Figure 1. Illustration graph: Daily profile of 

NMHC emissions estimates from passenger cars, 
motorcycles and buses for a typical day in 2015 

 
 

 
Figure 2. Illustration map: Peak-hour PM10 
emissions estimates from passenger cars, 

motorcycles and buses for a typical day in 2015, 
calculated at 1 km2 grid 

 

 
Table 1. Daily GHG emissions by transport mode 

for a typical day in 2015 

Transport mode 
Emissions intensity 
[tCO2e/passenger-km, 

GWP IPCC AR2] 
Passenger cars 65,8 

Motorcycles 35,6 

Buses 17,0 

 

 
 



 
 
CONCLUSIONS AND RECOMMENDATIONS 
The São Paulo Municipality On-Road Passenger 
Transportation Emissions Inventory presented here 
provides elements to better understand and propose 
solutions to the air pollution problem in the city. It 
was built aiming to feed dispersion models and 
promoting studies that explore the relationships 
among human activity, meterology, air quality and 
human health. 
 
Besides improvements that can be conducted 
regarding passenger transportation activity data 
and emissions factors, this inventory needs still to 
be complemented by emissions estimations from 
freight transportation and other sources (e.g. 
industrial, commercial and residential). 
Furthermore, expanding the spatial coverage to 
include all metropolitan region would be necessary 
from a dispersion perspective. 
 
Although the study was based on one single 
municipality, the procedures developed can be 
applied on an amplified manner where transport 
modelling data or vehicle tracking by GPS are 
available. 
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