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he Clean Air Initiative for
Rio project reached its
target on schedule in July
2004, when Renault and its
team delivered to the city of Rio
a suite of 3-dimensional
modelling tools for simulating
air pollution concentrations in
the atmosphere, as an aid to
city environmental managers in
defining their policy for air
quality management.

With over 5 million inhabitants,
Rio de Janeiro is a major
financial and industrial centre.
World famous as a holiday spot, “The tool allows 3D modelling –
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Traffic engineering

An advanced traffic model was available
for Ingérop to determine the flow of
vehicles and emissions in the heart of the
city. In peripheral areas where no traffic
model was available, traffic densities were
estimated as a function of urban structure,
building types and demographic growth.

stations with large-scale weather
models and regional MM5
models.
“Emission data collection can be
very difficult when input data are
not directly available. For
example, estimates of the car
fleet were hard to obtain
because, in Brazil, a car owner
does not have to declare a
vehicle’s ‘retirement’ to the
authorities.” stresses Pierre
Rouveirolles, the Renault traffic
inventory expert in the project.
When basic data were
unavailable, educated guesses
had to be made, and here the
experience of Citepa was quite
valuable. Questionnaires were
sent to the area’s main industrial
plants to gather critical
information on the nature and
quantities of fuels used, the
geometry of stacks, etc...
Innovative approaches were also
required for determining
emission factors for vehicles using
a mixture of gasoline and alcohol,
since this type of fuel is not
widely used in Europe.

Map of NOx emissions at ground level, at
daytime, in the Rio metropolitan area.

Working
together
All the data and
computer models for
meteorology, traffic,
emissions and
dispersion are now
available for Rio’s
environmental
managers.

A very detailed land-use description is useful
to represent ground to atmosphere
exchanges and to spatially allocate surface
emissions.

Meteorological models use nested domains
in order to capture the general continental
picture as well as the details of sea breezes
in the Rio area.

Road traffic, airports, ships, industrial plants:
the emission inventory requires a very heavy
data collection task.

Trabalhar
juntos
para a
qualidade
do ar en
Rio de
Janeiro*
* Working together
for air quality in Rio
de Janeiro

“With this study, it is possible to improve the urban
planning process in our city”
Ayrton Xerez, Secretary for the Environment of the City of Rio de Janeiro

sulphur dioxide (SO2) and
particles. Average and worst case
meteorological episodes were
simulated in the suite.” explains
Martine Meyer, the air quality
theme leader at Renault, and
project manager.
The team of French companies
formed under Renault’s
leadership included ARIA
Technologies, a R&D company
viewed as a European leader in
air pollution technologies; Citepa
(Centre Interprofessionnel

Technique d’Étude de la Pollution
Atmosphérique), the French
reference body for national
emission inventories; and Ingérop,
a large engineering and
consultancy company developing
transportation projects
worldwide. A large share of the
project funding was brought in
by the French Ministry of Finance
in support of French and Brazilian
bilateral cooperation efforts.
The main keywords of the project
– ‘working together’ – were

Several weeks of joint work on training,
both for methodology and hands-on
computer model applications were held.
Sessions were attended by most air quality
stakeholders of the City of Rio de Janeiro.

A ‘chain’ of modelling tools

• Emission models (EMMA,
EMITRA) are designed to
compute emissions from point
sources (stacks), linear sources
(roads) and area sources
(counties).
• Meteorological models
(MM5, MINERVE) compute
wind, temperature and
turbulence on nested 3D
grids. The atmosphere over
the Rio de Janeiro area is
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represented in a large
imaginary computational box
of 60 by 60 km dimensions,
with a 4 km altitude ceiling.
• A dispersion model (HERMES)
computes the concentrations
of pollutants, hour by hour,
over 24-hour episodes. A
powerful 3D graphics engine
(EWB) displays the 2D/3D
representation of the air
pollution fields.
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Close cooperation was also
established with the Universidad
Federal de Rio de Janeiro (UFRJ)
and the scientific team managed
by Professor Luiz Maïa. Similarly,
the open cooperative work set up
with the Companhia de
Engenharia de Tráfego (CET-Rio)
and the Federaçao de Industrias
de Rio de Janeiro (FIRJAN) was
Training the future
pollution managers of Rio

Visualizing the concentration of atmospheric pollutants

The ARIA Regional modelling
tools used in the Clean Air for
Rio project comprised several
classes of models.

expressed in the combination of
Brazilian and French teams, and a
strong focus on exchange of
information and technology. The
end user is the Secretaria do Meio
Ambiente da Cidade (SMAC) of
the City of Rio, led by Ayrton
Xerez, and the air pollution
group of Carmen Lucarini in
particular.

The pictures in this
frame represent
coloured fields of
concentrations drawn
over the Rio de
Janeiro metropolitan
area, for four
pollutants at 15pm.
At this time, the wind
blows from North;
since SO2 emissions
are mainly related to
industrial sources the
plume from the
REDUC refinery is
clearly visible on the
SO2 plot.
The CO and NOx plots
at the same time,
show a more complex
pattern due to the
interaction between
emissions from traffic
and industrial sources.
The maximum
CO/NOx
concentrations occur
over Rio Norte, the
city centre and
Niteroi, where traffic
emissions are at a
maximum.
The PM plot shows a
different mix of
industrial and traffic
sources, with a clear
signature of industrial
plumes around the
city.
This example
demonstrates that air
pollution over the city
of Rio are neither
simple nor
homogeneous for
various pollutants,
and that this
complexity must be
taken into account
when designing
countermeasures.

Experts as
a team
Expertise is based on
partnership with
actors having
worldwide experience
and recognition, and
capable of taking
specific local issues
into account in data
collection and
surveys.
Aria Technologies,
Ingérop and Citepa
have these skills. They
were supported by
AIRPARIF, the Air
Quality Management
Board for Paris and
Région Ile-de-France.

key to having an efficient work
plan. In all, the construction of
the model required 18 months of
intensive work.
“The main challenge was not in
developing the software
programmes. These were existing
tools developed by ARIA
Technologies and other scientific
laboratories and had already been
implemented in other cities and
regions. No, the main difficulty
was in gathering all the required
‘input data’: emissions from all
sectors (road transportation,
maritime transport, airports,
industries...), meteorological data,
topography and land use”, Marc
Chiappero, delegate of Renault’s
R&D division in Brazil, emphasizes.

Thanks to this patient process of
data collection, the modelling
tool can now simulate short-term
emissions and concentrations, and
perform long-term projections.
“The city of Rio wanted a
modelling tool for objectively
estimating the evolution of air
quality up to 2010 in a ‘business
as usual’ scenario. The same tool
had to show the effect of some
key decisions on air quality. To
this end, we had to add a number
of hypotheses into the model
such as demographic trends, sales
of fuels and the use of different
energy sources”, Martine Meyer
clarifies. In co-sponsoring this
project — integrated in the
framework of the Clean Air

Initiative in Latin America Cities, a
continent-wide effort driven by
the World Bank, — and by
investing key experts in its
management, Renault wanted to
make a substantial contribution
to the search for sustainable
development strategies, in a
country where the company is
now deeply rooted.
With a hope. The hope that the
‘Cidade Maravilhosa’ will soon be
not only one of the most
beautiful cities on Earth, but also
one with the cleanest air.

Dissemination
of results
A decision-making tool

Scenarios for Rio de Janeiro 2010
Five scenarios to modify
emissions in 2010 were studied:
• tighter regulations for
industrial emissions, bringing
levels close to European
standards;
• enewal of car fleet, much of
Rio’s fleet is more than 9
years old with much higher
emissions than modern ones;
• mprovement of fuel
composition, with reduced
sulphur content;
• wo scenarios based on
improved supply and demand
in transportation (public
transportation with clean
buses, multi-modal
transportation).
The simulations showed that the
first two scenarios are most
likely to induce an improvement
in the air quality situation in
2010. Martine Meyer, Renault,
points out: “If the city of Rio
applied regulations on industrial
emissions similar to those we
have in Europe, the SO2
emissions would be divided by a
factor of two”. Similarly, the
concentration levels for CO –
which is 95% emitted by road
transportation –would also drop
by 50% if all vehicles older than
9 years were replaced by new
vehicles.

Overall percentage changes in air pollution
Concentrations are computed on a large set of target points for all
emission reduction scenarios. Overall reductions for four key pollutants
(CO, NOx, PM, SO2) are compared.

Exchange of
information
was facilitated
through two large
international
conferences in Rio
where experts from
the Americas and
Europe could share
their experiences and
discuss results.

S3 - Improved transportation system: changes in CO

The uneven spatial
distribution of the
benefits of emission
abatement is shown
on the map: green
and blue areas show
significant
reductions in CO,
and yellow to red
areas visible
increases in areas
where higher traffic
volumes are
foreseen.

S7 - Improved industrial emissions: changes in SO2

A general
improvement in
SO2 concentration –
only green and blue
codes – for the
industrial emission
abatement strategy.
The improvement is
localized downwind
major industrial
sources.

Work in progress
With the project having produced a
complete chain of computer models to
represent air pollution over the Rio de
Janeiro area, the system is now up and
running. It can be improved through
continuous upgrades in the precision,
quality and completeness of the emissions
inventory. Indeed, some simplifications were
accepted at project definition stage, so as to
cover the scope of work in a prescribed time
frame: volatile organic compounds (VOC)
were omitted from the emissions inventory
and no chemical reactions were considered
in the dispersion modelling.

Clean Air Initiative:
What’s Next?

I

t is now clear that a complete
chain of computer models —
covering meteorology, traffic,
emissions and dispersion — to
represent air pollution over the
Rio de Janeiro area is feasible. The
environmental managers of Rio
have the models and all the data
collected and produced during the
project.
The project team believes that the
next challenge is the continuous

A success story to be repeated in other
(mega-)cities

operation of a forecasting
modelling system, providing a
daily forecast of urban
meteorology and air pollution for
Rio, accessible to the public on the
Web.

More pollutants, better predictions…

To be continued
How could the project be extended and
completed?
Daily operation of the traffic simulation
model
The traffic simulation software used by Ingérop
could be permanently installed with the City of
Rio teams, to explore new traffic scenarios. The
direct link with existing traffic measurements, the
definition of automatic data exchanges between
CET-Rio and SMAC, would need to be
implemented.
Completing the emissions inventory
This work uses the same data structure as the
current inventory and introduces a full
description of volatile organic compounds (VOC)
emissions. A detailed representation of VOC is
needed to understand the precursors in the
ozone formation process, and would be provided
for the vehicles and bio-fuels used in Rio. The
analysis of VOC emitted by forests and
agriculture is also necessary.
High-resolution air pollution forecasting
maps with the CHIMERE reactive model
The online operation of the sequence of
meteorological and dispersion models, in nonreactive mode, is possible today. Once the
emissions inventory is completed with a detailed
description of the VOC contributing to ozone
formation, it is possible to configure the
operation of the CHIMERE photochemical
reactive model, in order to compute detailed
ozone and nitrogen oxide values. This
development would fill an important gap in the
current approach because ozone production is
particularly important in the warm and sunny
climate of Rio.
The key result of this extension would be an
operational high-resolution meteorological
and air pollution forecast system for Rio de
Janeiro, similar to the systems used in Paris
(www.esmeralda-web.fr) and many other
European cities.

The results of such projects are subject to very specific conditions: the
whole approach calls the proficiencies of all partners into play. These
must include sharp and comprehensive technical skills such as scientific
knowledge in air quality and chemical modelling, traffic engineering,
car fleet and vehicle emissions analysis, as well as communication and
public relations skills.
Renault has a set of experts able to drive this kind of project and is
used to adapting to international contexts, whilst the technical skills
belong to Aria Technologies, Ingérop and Citepa. Nevertheless, the
progress of the project largely depends on the tight cohesion of the
team and Renault’s coordination.
• The availability of basic information to build reliable assumptions is
essential and external additional expertise is required to specify
useful model input data at any step of the project.
• A strong political will and the involvement and support of key
political figures in the city are essential for reaching the project
target.
• Institutions at the local, regional, federal and national level are
impacted by the project. Each of them has to play its role in order
to complete the project and focus on one single target: air quality
monitoring and forecasting.
• IFinancing programs and banking corporations for development
and international cooperation have to be canvassed to join the
consortium.

In similar conditions, this know-how and team synergy could be
exported to other megacities around the world.
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