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Introduction 

The main goal of this study is: 

To improve the vehicular emission inventory 
of light and heavy-duty fleet for regional 
applications in South America (SA) – status 
and preliminary results) 



Introduction 

Motivation – The lack of dataset in SA 

Global distribution of surface radiation networks: (a) 
historic GEBA/WRDC stations with more than 10 years 
(orange triangles) and 20 years of measurement 
records (red triangles), many of them going back to the 
1960s (Source: Wild, JGR-2009) 

The uncertainty in global pollution is 
seriously aggravated by the lack of 
reliable scientific data on large 
areas of the World. South America 
is one of the worst lacking records 
areas. 

Global distribution of weather stations 

(b) 

(a) 



Introduction 

NOx REanalysis of the TROpospheric chemical composition over the past 40 years 

10-9 kg.m-2s-1 

Background 

Global emissions inventories 
are suitable for input to 
global atmospheric models. 

The overall uncertainty in 
the global emission 
estimate is high (the 
uncertainty in regional 
emissions may be much 
greater) 

(4°×4°) 



Methodology: preliminary phase (Brazilian cities) 

1.  To select a dataset describing how different types of vehicles are 
distributed in urbanized areas; 

2.  To identify satellite images which resolutions permit to establish 
the contour of urbanized areas; 

3.  To apply nighttime lights images in order to build “vehicular-based 
cities”; 

4.  To calculate emission factors in a specific site and to extend the 
information to all “vehicular cities”, obtaining an emission 
inventory to regional applications. 

Methodology 



Methodology (1) 

Vehicles distribution in urbanized areas 

IBGE Brazilian Institute for Geography and Statistics  

DENATRAN National Department of Traffic  



LANDSAT 

CBERS 

     VARIOUS 
(google-earth) 

Spring, Matlab, xv 

Establishing the contour of urbanized areas: image sources 

Multiple sources of free 
available satellite images 

Methodology (2) 



 Poorly urbanized area 

 Non urbanized area 

 Densely urbanized area 

Establishing the contour of urbanized areas: modeling strategy 

Methodology (2) 

Visual inspection is always 
necessary 



1 km 

5 km 

8-bits grayscale image  

The original image is converted to a binary 
image with 100 m x 100 m resolution and finally 
to a 8-bits grayscale image (256 levels of grey) 100 m 

Methodology (2) 

Establishing the contour of urbanized areas: modeling strategy 



Using nighttime lights  

Data from the Defense Meteorological Satellite Program (DMSP) Operational Linescan 
System (OLS) - originally designed to view clouds by moonlight, has been used to map the 
global distribution of permanent lights on the Earth’s surface. 

Methodology (3) 



Image and data processing by NOAA's National 
Geophysical Data Center. DMSP data collected 
by US Air Force Weather Agency.  

1) The products are 30 arc second grids, 
spanning  -180° to 180° longitude and -65° to 65°  
latitude; 
2) Moonlight and sunlight are excluded; 
3) Observations with clouds are excluded;  
4) Lighting features from the aurora have been 
excluded using visual inspection;  
5) Images showing just permanent lights ranging  
from 0 to 63. 

Using nighttime lights  

Methodology (3) 



Year	
 Vehicle type	
 Distance*	

(km day-1)	


CO	

(g km-1)	


NOx	


(g km-1)	


2004	
 Light-duty 
(88%)	


Heavy-duty	

(12%)	


37	


167	


14.5±2.3	


20.6±4.7	


1.6±0.3	


22.3±9.8	


Martins et al., 2006, ES&T, 

Emission factors 

Methodology (4) 

*São Paulo's Traffic Engineering Company 



Number of vehicles × urbanized areas 

North-Northeast 

South-Southeast 

Results (4) 

52 largest Brazilian 
cities (50% of  the total 
number  vehicles ) 



Nighttime lights × urbanized areas 

Results (4) 



Number of vehicles × nighttime lights 

Results (4) 



Nitrogen oxides surface emission flux (NOx) 

10-8 g.m-2.s-1 

Results (4) 

NOx emissions based on vehicles and  nighttime 
lights distribution (30 arc second).  

RETRO emissions for species NOx, year 2000 
(0.5 degree).  



10-8 g.m-2.s-1 

Results (4) 

Regional emissions inventory (NOx) 



10 h 

14 h 18 h 

4 km x 4 km 

The emission 
flux was 
assumed to 
follow a  
normal 
distribution 
function.  

The nitrogen 
oxides (NOX) 
emission was 
selected as a 
passive scalar 
pollutant.  

Potential applications – BRAMS simulation 

Results (4) 



Campinas 

São Paulo 

Potential applications 

Results (4) 



Conclusions 

Conclusions: 
1) High-resolution emission inventories for vehicular emissions, suitable for 

input to regional atmospheric models, can be compiled based on factor 
emissions, number of vehicles and nighttime lights data; 

2) Using high-resolution emission inventories more realistic air quality 
forecasting could be possible; 

3) Modeling studies of how secondary air pollutants are formed (ozone and 
particulate matter) could be improved; 

4) The most sensitivity areas to regional transports of pollutants can be 
revealed; 

5) Important questions can be investigated in a much more real sense (ex. 
aerosol effects on cloud formation and health pollution effects). 



Perspectives 

1.  The urban mapping procedure will be extended to all SA countries 
(Chile and Argentina already in preparation); 

2.  Emission factors characterizing different country/territory of SA 
are being included; 

3.  Stationary sources (industrial, commercial and residential) and non 
road mobile sources are in progress; 

4.  Studies  to identify distinct habits associated with the traffic in 
different cities will be performed. (e.g. traveled distances);  



Are nighttime lights enough to represent the urban areas? 



And small villages, could they be neglected?? 

City (Brazil): Novo Itacolomi 
Population: ~2400 
Number of vehicles: ~700 

Number of chickens: 1.000.000 

The idea: 

The history of technology shows that 
technological change is exponential. 

The consequence: 

The chip speed will also increase 
exponentially.  

(We need take this in account to 
decide what to do in our field!) 
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Potential applications: Daily emission cycle 

Results (4) 


