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Pollutants emission by source type in the MASP
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Evolution of the average values of CO, PM10, O3, SO2 and NO2 concentrations, and 
the year of implementation of the PROCONVE (Program for the Control of Air 

Pollution Emissions by Motor Vehicles phases).

Andrade et al., 2017. Air quality in the megacity of Sao Paulo: evolution over the 

last 30 years and future perspectives. Atmos. Environ., 2017



Long-term monitoring showed that emission control policies 
worked

14-YEAR EVIDENCE

• 2000-2025 monitoring 
network

• Most regulated pollutants 
declined

• O₃ was the clear exception

Primary pollution declined despite fleet growth — but ozone did not.

Annual concentration of CO, NOx, O3, and PM in the
Metropolitan Area of São Paulo.
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Mean annual concentrations for 4th 
maximum 8h mean O3 in MASP 



Two decades of tunnel campaigns confirmed strong emission-
factor declines

2021

2001–2018

• CO EFs fell ~5% yr⁻¹

• NOₓ EFs fell ~4–6% yr⁻¹

• Official inventories still 
underestimated some real-
world emissions

Nogueira et al. (2021), Environmental Science & Technology

Regulation worked — with a measurable delay between standards and the in-use fleet.
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Forecasting linked better emission factors to better air-quality 
prediction

2015

MODELING STEP

• WRF-Chem / BRAMS-SPM 
framework

• Street-level mobile-source 
allocation

• Biases pointed back to 
emission inventories

Andrade et al. (2015), Frontiers in Environmental Science

The modeling problem increasingly became an emissions-inventory problem.
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Vehicular gases generated a substantial secondary PM₂.₅ burden 2016

WRF-CHEM EXPERIMENT

• 20–30% secondary PM₂.₅ 
downtown

• >40% of fine-particle 
formation linked to 
hydrocarbons
• Aromatics were especially 
important

Vara-Vela et al. (2016), Atmospheric Chemistry and Physics

Controlling particles requires controlling the gases that form particles.
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VEIN moved vehicular inventories to street and hourly scales 2018

BOTTOM-UP INVENTORY

• Open-source R framework

• Exhaust + evaporative 
emissions

• Direct interface with WRF-
Chem

Ibarra-Espinosa et al. (2018), Geoscientific Model Development

High-resolution activity data made urban emission scenarios explicit and reproducible.
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Using real-world emission factors improved modeled urban air 
quality

2021

CLOSING THE LOOP

• Tunnel EFs recalibrated the 
inventory

• WRF-Chem predictions 
moved closer to 
observations
• Measurement → inventory → 
model became one workflow

Nogueira et al. (2021), Environmental Science & Technology

Better atmospheric models require better real-world emissions.
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Real-world bus measurements quantified benefits of fleet 
modernization

2019

PUBLIC TRANSPORT

• Four bus-terminal 
experiments

• Euro II → Euro V + electric 
buses

• NO fell by a factor of 4–5; 
newer fleets emitted fewer 
particles

Nogueira et al. (2019), Atmosphere

Fleet technology can deliver immediate exposure and air-quality benefits.
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Particle number reveals exposure-relevant dynamics that PM 
mass can miss

2021

TOTAL PARTICLE NUMBER

12,100 ± 6,900
cm⁻³  (10–450 nm)

Measured every 2 min with SMPS 
during Dec 2016–Mar 2017 in 
Diadema, MASP.

PM₁ average mass: 11.4 µg m⁻³; organic 
aerosol dominated mass composition.

Aitken dominates number accumulation grows with 
secondary mass

Number concentration adds a health- and process-relevant dimension beyond PM₂.₅ or PM₁ mass.

Monteiro dos Santos et al. (2021), ACP 21, 8761–8773 — PNSD (10–450 nm), Q-ACSM and eBC at Diadema, MASP 15

Time series of
mass
concentration
of PM1 chemical
species. 

Average particle number size
distribution for measured and
lognormal fits for nucleation, Aitken, 
and accumulation modes. Mean
geometric diameter (and geometric
SD) of the modes are 
12.6 nm (1.2 nm), 30.7 nm (1.3 nm), 
and 83.8 nm (1.3 nm)



Year-round chemical speciation resolved five major PM source 
factors

2017

OBSERVED MIXTURE

• Road dust • industry • 
vehicles

• Biomass burning • 
secondary processes

• Winter enhanced biomass-
burning and vehicular tracers

Pereira et al. (2017), Atmospheric Chemistry and Physics

São Paulo PM is a mixture of local traffic, secondary chemistry and regional influence.
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PMF-calibrated inventories improve PM₂.₅ simulations at urban 
sites

2026

LATEST STEP

• Global inventories 
calibrated with local PMF 
evidence
• Local road-transport 
emissions explicitly 
represented
• CMAQ evaluation targets 
PM₂.₅, PM₁₀, CO and SO₂

Delgado Peralta et al. (2026), Atmospheric Environment

The research trajectory now converges on locally constrained, source-resolved modeling.
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What is ?

● QUALARIA stands for: Artificial Intelligence based
system for sub-urban scale air quality monitoring
and prediction in the Metropolitan Area of São 
Paulo (MASP)

● A joint Brazilian-German consortium funded by
FAPESP and BMBF

● Main objective:
To develop an AI-based air quality forecasting
system with an online interactive dashboard 
to monitor and predict air quality in the
Metropolitan Area of São Paulo (MASP) 
with high spatial resolution of 100 m.



Input features (horizontal resolution):

• CAMS forecast data (40 km)
• WRF-Chem regional simulations (9/3 km)
• Topography and vegetation from satellite (30 m)
• Building heights (100 m)
• Vehicular emissions (100 m)

Target variables:

Observation data from CETESB stations and LCS sensors

Spatial/temporal resolution: 100 m/daily

Predictive horizons: 1 day ahead (to be extended to 5 days)
Operating frequency: daily

Machine learning pipeline to simulate subgrid
processes 

Neural Network Architectures combine computer vision kernels 
to integrate regional-scale data and high-resolution terrain
physical features to simulate subgrid climate variability

(Credit: MeteoIA)



Atmospheric modeling Surface measurements of GHG and SLCP

Inverse
modeling

Flux measurements
and FTIR measurements

Analys is of the impact of climate change 
on air quality

Satellite  data  and vertical profiles of 
aerosol and ozone

Evaluation of
climate change scenarios and urban

planning

Industria l and vehicular emission 
inventory module for air quality

Measurements & Inventories Modeling & Analyses
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São Paulo shows what long-term, integrated air-quality 
science can achieve

CONTROL WORKED Primary emissions and ambient concentrations declined.

CHEMISTRY REMAINS O₃ and secondary PM respond nonlinearly to precursor changes.

LOCAL EVIDENCE MATTERS Real-world EFs, PMF and regional evaluation improve models.

Next step: integrate emissions, atmospheric chemistry, exposure and urban carbon in 
one decision framework.
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Thank you! Obrigada!
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