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Air pollution has become a global problem

• $ 7 million premature deaths 
[WHO, 2018]

• US $ 5 trillion economic loss 
[World Bank, 2015]

• 79-121 million tons of lost crop 
produces globally [Avnery et al., 
2011]

• 94 million people could be fed 
in India by saving crops from 
ozone damage [Ghude et al., 
2014] 



The Industrial Revolution and Air Pollution

“Make great efforts to build China into a strong 
and prosperous industrialized country under the 

leadership of the Party and chairman Mao!”

Pittsburgh in the 1940s

http://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&docid=mHJWZxPwk7pPXM&tbnid=TUDuokjv6uAA7M:&ved=0CAgQjRw4JQ&url=http://en.wikipedia.org/wiki/Pittsburgh_Town&ei=NF4oU_ywJ6240AG0loDYBA&psig=AFQjCNHrLrgyZDCvV22l1JmYJVGM6c3U-g&ust=1395240884716045
http://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&docid=Ep8H4aa23gJsyM&tbnid=P79G7JMCVTm-aM:&ved=0CAgQjRw4Mg&url=http://chineseposters.net/themes/mao-cult.php&ei=PDwoU-zXGY3ykQfA9IHICw&psig=AFQjCNFuYylXaJ6bXgfQRTn5r6ccHuWgcA&ust=1395232188520294
http://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&docid=6CoQBP_p3X3buM&tbnid=wMdfh7Gwb6lAWM:&ved=0CAgQjRw&url=http://www.mnn.com/health/healthy-spaces/stories/think-air-quality-doesnt-matter-look-at-pittsburgh-in-the-1940s&ei=qV0oU9zqJMb20gHb5YGQCQ&psig=AFQjCNE8YKWf_WYGfa4qnZtDv5CUb8SPSA&ust=1395240745667186


People are directly affected by air pollution



London fog
Particulate matter (PM) from domestic+industrial coal combustion

“Killer fog” of December 1952 resulted in 10,000 excess deaths
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Los Angeles smog
Respiratory problems, vegetation damage due to high surface ozone
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Photo from front page of 
the 15 September 1955, 

Los Angeles Times.

Los Angeles Times:
“Los Angeles’ smoggiest day 
occurred on Sept. 13, 1955, when 
ozone levels reached 850 parts per 
billion in downtown Los Angeles 
and 900 ppb in Vernon.” 
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L’impact de la pollution de l’air sur la santé est énorme

~800,000 excess deaths per year (low estimate)  

Satellite Derived 
Global Burden of Disease, Lancet, 2012

(7 million de morts chaque année due à la pollution de l’air !!)

Burden of disease attributable to 
20 leading risk factors in 2010, 

expressed as a percentage of 
global disability-adjusted life-years



Age 
standardized 
rates of death 
attributable to 
PM2.5 in 2019



Age 
standardized 
rates of death 
attributable to 
ozone in 2019



Age-
standardized 
rates of death 
attributable to 
household air 
pollution in 
2019



Neonatal death 
rates 
attributable to 
air pollution in 
2019



Distribution by 
age of global 
deaths in 2019 
attributable to 
PM2.5, ozone 
and household 
air pollution



Un système intégré pour l’observation, 
l’analyse et la prévision de la qualité de l’air



Nonlinear Chemical 
Mechanism

Weather
Climate 

Variability and 
Change

Anthropogenic 
Emissions

Natural 
Emissions

Different Initial 
Conditions;

Multi-model 
Simulations

Economic 
Activities and 
Development

Air Quality
Variability

And Trends

Human 
Health

Multi-scale Transport



Air	Quality	
Concentra on	of	primary	
and	secondary	chemical		

species	incl.	PM2.5,	PM10,	
NOx,	CO,	VOCs,	ozone	

Weather	
temperature,	winds,	

convec on,	precipita on,	
fronts,	boundary	layer	

height,	etc.	

Urban	Air	
Quality	

Satellite	
Observa ons	

weather	and	
atmospheric	
composi on		

Surface	
Emissions	
natural	and	

anthropogenic	

Products	Genera on	
	

Concentra ons,	AQ	indices,	deposi on,	health	impacts,	
alerts	for	intense	air	pollu on,	odors,	allergenic	products,	

fire	smoke,	etc.	

Product	
Dissemina on	

	

Web,	APIs,	smartphone	apps,	etc.	

Evalua on		
Of	Products	

In-situ	
Measurements	
surface,	ground-based	

profiles,	onboard	
aircra ,	ships…	

Improvements	and	
Product	Innova on	

Urban	
Weather	

Ac vity	
Informa on	

traffic,	energy	
produc on…	

O
B
SE
R
V
A
TI
O
N
S	

A
N
C
IL
LA

R
Y
	D
A
TA

	

GLOBAL	AND	REGIONAL	
FORECASTS	

SUB-REGIONAL	AND	LOCAL	
FORECASTS	

D
at
a	
as
si
m
ila

o
n
	

D
o
w
n
sc
al
in
g	

Uncertainty	
Quan fica on	

Local	Surface	
Emissions	
natural	and	

anthropogenic	

Local	in-situ	
Measurements	
surface,	ground-based	

profil

e

s…	

Local	Ac vity	
Informa on	

traffic,	energy	
produc on…	

O
B
SE
R
V
A
TI
O
N
S	

A
N
C
IL
LA

R
Y
	D
A
TA

	

POST-PROCESSING	AND	
QUALITY	CONTROL	

CUSTOMISATION	AND	
DELIVERY	

D
at
a	
as
si
m
ila

o
n
	

Un système
intégré pour la 
prévision de la 
qualité de l’air
à multi-
échelles. 



Emissions



Emissions globales de NOx Juillet 2015 (CAMS)



Emissions Européennes de NOx Juillet 2015 (CAMS)



Evolution in surface 
emissions in China



Chemical Mechanisms



Simplified 
overview of the 
atmospheric 
chemistry of 
ozone and 

PM2.5.

Kroll et al., Nature Chemistry 
September 2020 



Space Observations





Oxydes
d’azote
mesurés de 
l’espace en
Europe



Surface Measurements



Observations 
in Wuhan

Shi and Brasseur, GRL, 2020



Multi-scale Modeling



Developing a Predictive Understanding of the Complex Atmospheric System 
and its Interactions with the Whole Earth System



A Spectrum of Coupled Scales
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Local Scales

Long Island

Urban Scales

How do global and 
hemispheric patterns influence 
regional and local events?

Influences of local 
pollution sources on the 
regional and global 
scales From Xuemei Wang



Les modèles globaux de la qualité de l’air



CAM-chem at 0.5° - Surface Ozone
From Louisa Emmons, NCAR
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The Copernicus Atmosphere Monitoring Service (CAMS)

Detects 

emissions 

and 

estimate 

surface 

fluxes

Quantifies transport, 

removal and 

transformations of 

atmospheric constituents

Forecasts and 

informs on impacts

Air quality

Climate 

forcing

Ozone layer

Radiation

Emissions

CAMS en trois chiffres:

280 millions d’observations analysées toutes les 12 heures

Donées de 70 instruments spatiaux are reçus et utilisés

Produit chaque jour 14,000 cartes qui sont en ligne. 



Chemical Weather  forecasts are 
fundamentally based upon similar 
methodologies and tools as the 
ones successfully used for today’s 
numerical weather predictions.

“The quiet revolution of 
Numerical Weather Prediction”
Sept. 2015

From “Meteorological Weather” 
to “Chemical Weather” 

Environmental Forecasts



Prévision de CO à la surface pour le 25 novembre 2020 



Prévision de NO2 à la surface pour le 25 novembre 2020



Prévision de la colonne d’ozone pour le 25 novembre 2020



Regional Air Quality Models
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• Daily Global Air Quality Predictions: 10-day forecast with WACCM

• U.S. Air Quality Predictions: 2-day forecasts with WRF-Chem driven by WACMM 
boundary conditions. 12 km over CONUS, 4 km over Colorado. 

NCAR Air Quality Predictions

https://www2.acom.ucar.edu/acresp/forecasts-and-near-real-time-nrt-products

Global Model provides boundary 
conditions to regional model 

• Test model performance in 
near real-time

• Support field campaign design 
and forecast

• Provide information for 
stakeholders & public
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Calculation ensemble

Generation images (time series and maps)

Forecast
model #1

Forecast
model #N

Postprocessing Postprocessing

... Retrieval hourly
station 

measurements

Central database
(KNMI)

Retrieval from local server

Publication on webserver

www.marcopolo-panda.eu/forecast

Schematic Overview Data Flow



Ensemble Ozone Forecasts
Beijing 12 October 2020
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Median



Coupled Multi-Scale Variable Resolution Models 

A new community model-independent 
infrastructure, which will enable chemistry and 

aerosols to be simulated at different resolutions in 
a coherent fashion

Ozone (ppb)

Now

Then

https://www2.acom.ucar.edu/sections/multi-scale-chemistry-modeling-musica

Visit the website to join Working Groups, get information about upcoming 

tutorials and more. 

MUSICA Vision paper published in BAMS 

(Pfister et al., 2020: https://doi.org/10.1175/BAMS-D-19-0331.1)

• Fully coupled Earth System Framework

• Whole atmosphere representation: Surface to thermosphere

• Facilitate use of a variety of chemistry & physics schemes, 

and atmospheric models in a flexible modular way

• Modern Software Design 

https://www2.acom.ucar.edu/sections/multi-scale-chemistry-modeling-musica


Les modèles locaux de la qualité de l’air





The physical modeling system:
----A spectrum of coupled scales
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Current technology for 

operational weather and 

climate prediction



Challenge in representing multi-scale urban 
microclimate

Mesoscale models

Urban Scale models (CFD, LES)

Building energy models 
Indoor-outdoor exchange 

New technology for 

coupling fine-scale 

models



Chemical Transport Models (CTMs)



From 

Fernando et al. 

(2010)

Flow, turbulence, and pollutant dispersion 

in urban atmospheres



Distribution of chemical species in and along the Hong-Kong Island
calculated by a Large Eddy Simulation (LES) model at 100 m resolution 



Application to the the urban area of 
Hong Kong

• Hong Kong is characterized by a 
complex topography and canopy: 
• Mountains surrounding a complex coast 

line 
• Dense urban canopy with many high-rise 

buildings and street canyons



Downscaling Chemical Concentrations to 
sub-urban Scales
Large Eddy Simulations

Locally emitted pollutants (e.g., NOx, VOCs) in street 

canyons interact chemically with background 

atmospheric species (e.g., ozone). Reaction rates are 

affected by turbulence mechanically and thermally 

generated in the urban canopy 

Large eddy simulation (LES) models coupled to regional 

mesoscale models (e.g., WRF) will be used to simulate 

the turbulent transport and chemical transformations of  

pollutants in the urban environment.

NOx Ozone



Source 

of NO

Ozone Flow

Production of NO2

Model of Chun-Ho Liu

Hong Kong University

NO + O3  NO2 + O2



La Qualité de l’air pendant la COVID-19



NO2

• Sharp 
reduction of 
NO2 during 
the covid-
event in 
China



Impact of Coronavirus Outbreak on NO2 Pollution Assessed Using TROPOMI and OMI Observations

Geophysical Research Letters, Volume: 47, Issue: 11, First published: 08 May 2020, DOI: (10.1029/2020GL087978) 

2020

2019



Reduction 
in NO2 
during 
COVID-19 
observed 
by 
TROPOMI 
and OMI



PM2.5, NO2 and O3 in 2020 before and after the lockdown in China

Before

1-22 January 
2020

After

23 January to 
29 February 
2020

BJ

WH

PM2.5                               NO2                                  ozone

Shi and Brasseur, GRL, 2020



Adjustment of the emissions during the pandemic in 
different regions of the world

• China: Reduction 
starts in February
2020 (40% for NOx, 
25% for VOCs)

• Rest of the world: 
Reduction is 
highest on March-
April 2020.

Based on Doumbia et al. 2020



Reduction in NO2: From China in February to 
the rest of the world in April 2020

February                                                                     April





In China: 

The response of 
NO2 and 
secondary 
pollutants to 
reduced 
emissions during 
February 2020

All emissions.                NOx emissions.      VOC and CO emissions

NO2

O3

During the pandemic:
Reduction in ozone 
titration in northern 
China (NOx saturated)

Reduction in:

PANSOA



In Europe: 

The response of 
NO2 and ozone in 
reduced emissions 
during April 2020.
Importance of 
weather anamalies

Emissions reduction only             Emissions reduction  
No meteorological effect             With meteorological effects      

NO2

O3

During the pandemic: 
most of the ozone 
increase is attributed 
to weather anomaly 
(except in the UK, 
Benelux, Germany)



Attribution des sources de pollution



Attribution des sources 
de pollution



An International Initiative 

MAP-AQ: 
Monitoring, Analysis and Prediction of Air Quality



MAP-AQ: Five Components

1. Multi-platform observations of weather and 
atmospheric composition

2. Multi-scale air quality forecasts 
3. Develop tools to help AQ managers evaluate 

impacts of regulations, policies and 
urbanization

4. Translate technical details into actionable 
information and disseminate to public

5. Train local students, scientists, and public in 
developing countries

[Kumar et al., Nature, 2018]



Développer des solutions



Thank You



Developing 
Products and 
Services to 
Reduce Air 
Pollution:

The AQ-Watch 
Project
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Exposure in 
different 
countries to 
PM2.5, ozone 
and 
household air 
pollution in 
2019



Zoom images of NO2:
City footprints,  Annual average

La Paz, 
Bolivia

Cochabamba, 
Bolivia

Medellin, Colombia



Emissions 
de NOx en

Asie

Claire Granier, NOAA



MEIC inventory

Open source 
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