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SCALES OF ATMOSPHERIC CHEMISTRY PROBLEMS

Urban smog
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Links/carbon_GII.ppt#1. PowerPoint Presentation
http://www.whatreallyhappened.com/plume1.jpg
http://images.google.com/imgres?imgurl=http://oceanworld.tamu.edu/resources/oceanography-book/Images/LA-smog-2.jpg&imgrefurl=http://oceanworld.tamu.edu/resources/oceanography-book/atmosphere.html&h=224&w=400&sz=9&hl=en&start=4&tbnid=DFwZWTQIsjySMM:&tbnh=69&tbnw=124&prev=/images?q=smog&hl=en&rls=GGLR,GGLR:2006-29,GGLR:en

Air pollution has become a global problem

S 7 million premature deaths
[WHO, 2018]

e USSS5 trillion economic loss
[World Bank, 2015]
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London fog

Particulate matter (PM) from domestic+industrial coal combustion

“Killer fog” of December 1952 resulted in 10,000 excess deaths

Altitude

inversion

Sulfur dioxide (SO,) ulfate
» particles Qrganic carbon C

«r

” ﬁ lack carbon

Temperature Coal combustion

Daniel Jacob


http://www-as.harvard.edu/chemistry/trop/news.html

Los Angeles smog

Respiratory problems, vegetation damage due to high surface ozone
altitude g o ™ roduced by photolysis

of oxygen (O,)

stratosphere
~10 KM -
troposphere
temperature
ozone
inversion
~1Km -

Nitrogen oxides (NO, =NO + NO,)

C | Volatile organic compounds (VOCSs) Ozone (Oy)
il PM

vehicles, industry, vegetation Daniel Jacob


http://iconbazaar.com/bars/contributed/pg04.html
http://www-as.harvard.edu/chemistry/trop/news.html
http://iconbazaar.com/cars/fiat_multipla.gif
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Effects on health

Burning eyes,
throat; irritated
mucous
membranes

Shortness
of breath,
wheezing,
coughing

Asthma

attacks;

chest pain

when
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Increased

risk of

respiratory
diseases I

Pulmonary
inflammation
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Increased risk
of heart
attacks







L'impact de la pollution de I'air sur la santé est énorme

(7 million de morts chaque année due a la pollution de l'air !!

lobacco smoking, including second-hand smoke

High blood pressure

—

—

Alcohol use
Household air pollution from solid fuels i
Diet low in fruits |
High body-mass index 3
High fasting plasma glucose A
Childhood underweight ]
Ambient particulate matter pollution
Physical inactivity and low physical activity g
Diet high in sodium i
Diet low in nuts and seeds
Iron dffﬁcionf_y—
Suboptimal breastfeeding
High total choiostvrol 1
Diet low in whole grams
Diet low in vegetables
Diet low in seafood omega-3 fatty acids
Drug use

Occupational risk factors for injuries

N —

Burden of disease attributable to

20 leading risk factors in 2010,
expressed as a percentage of
global disability-adjusted life-years

I Cancer

[ Cardiovascular and
drculatory diseases

[ Chronicrespiratory
diseases

I Cirrhosis

[ Digestive diseases

[ Neurological disorders

[ Mental and behavioural
disorders

I Diabetes, urogenital,
blood, and endocrine
Musculoskeletal disorders

Bl HIV/AIDS and tuberculosis
[ Diarrhoea, lower respiratory
infections, and other
commen infectious diseases
[J Neglected tropical diseases
and malaria
Maternal disorders
1 Neonatal disarders
[ Nutritional deficiencies
[ Other communicable diseases
Bl Transportinjuries
] Unintentional injuries
B Intentional injuries

m [ Other non-communicable [] War and disaster
- diseases
= | | | [ |
05 0 2 4 6 8

Disability-adjusted life-years (%)
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Age-
standardized
rates of death
attributable to

household air

pollution in
2019

Deaths/100,000

0to<16

16 to <46

46 to <81
B 31to<120
B 120to <398

No data
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Neonatal death
rates

attributable to
air pollution in
2019

Deaths/100,000
30 to <1,000
1,000 to <3,000
3,000 to <6,000

6,000 to <9,000

B 9,000 t0<13,100

No data
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Pollutant: . Ambient PMo 5 . Household air pollution Ambient ozone

750,000
Distribution by
age of global
deaths in 2019 500,000
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Un systeme intégré pour l'observation,
'analyse et la prévision de la qualité de lair
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Un systeme
intégreé pour la
prévision de la

qualité de l'air
a multi-
échelles
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Emissions



Emissions globales de NOx Juillet 2015 (CAMS

kg m-2 s-1 d=
1.00e-9

(1) CAMS-GLOB-ANT 0.1x0.1 Anthropogenic NOx - v4.2 - - Sum Sectors - 2020-07-15
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Emissions Européennes de NOx Juillet 2015 (CAMS)

(1) CAMS-GLOB-ANT 0.1x0.1 Anthropogenic NOx - v4.2 - - Sum Sectors - 2020-07-15
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NOx China - 1960 to 2015
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Chemical Mechanisms



n Acid-base chemistry
O, is formed High NO, lowers O, leads to nonlinearities
from NO, 0 by sequestering it as NO, in ammonium nitrate,

+ VOCs + UV ; or by lowering OH sulfate formation

Simplified 0
overview of the

R\
N

OH
. NO e
atmospheric HNOB’N

chemistry of
ozone and

Primary

Nitrate ]

Carbonyls /—\
and others

Many
pathways

Sulfate
2 Isomerization or

PM2 5 peroxy radical Peroxides \—/

Atlow NO,, SOA is
Kroll et al., Nature Chemistry formed but O, is not
September 2020

Many oxidation
pathways

VOCs

SO,




Space Observations



NO2 tropospheric column (umol/m2)

20 40 60
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Surface Measurements
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Multi-scale Modeling



Developing a Predictive Understanding of the Complex Atmospheric System

and its Interactions with the Whole Earth System
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A Spectrum of Coupled Scales

) .
N2

Continental Scales

How do global and

hemispheric patterns influence
regional and local events?

Regional Scales

Influences of local
pollution sources on the

regional and global
scales From Xuemei Wang

Al

MU
Local Scales

Urban Scales



Les modeles globaux de la qualité de l'air



CAM-chem at 0.5° - Surface Ozone

From Louisa Emmons, NCAR




Integration, Assimilation
et Prédiction




The Copernicus Atmosphere Monitoring Service (CAMS)

Forecasts and

/ informs on impacts

@

Detects

emissions

anc_l Quantifies transport,
estimate removal and

surface transformations of
fluxes

atmospheric constituents

en trois chiffres:

30 millions d’observations analysées toutes les 12 heures =
Donées de 70 instruments spatiaux are recus et utilises _ nissions

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



From “Meteorological Weather”
to “Chemical Weather”
Environmental Forecasts

()0\‘ﬂ

ped 00 ) (117

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



Prévision de CO a la surface pour le 25 novembre 2020
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Regional Air Quality Models
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NCAR Air Quality Predictions
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.

Global Model provides boundary
conditions to regional model

e Test model performance in
near real-time

* Support field campaign design
and forecast

* Provide information for
stakeholders & public

https://www?2.acom.ucar.edu/acresp/forecasts-and-near-real-time-nrt-products



Operational Forecasting System at MPI-M with WRF-Chem
(DKRZ, Hamburg, Germany)

10pm (LT)
6pm (LT)
Meteorol.

Forecasts

aqicn.org/forecast



Schematic Overview Data Flow

Forecast Forecast Retrieval hourly
model #1 model #N station

measurements

Postprocessing Postprocessing

Retrieval from local server

Central database
(KNMI)

Calculation ensemble

\4

Generation images (time series and maps)

Publication on webserver



Ensemble Ozone Forecasts
Beijing 12 October 2020
[micrograms/m?3]

Mean
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A new community model-independent
Infrastructure, which will enable chemistry and
aerosols to be simulated at different resolutions in
a coherent fashion

» 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

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)

WPz |

Ml Ozone (ppb)



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

Les modeles locaux de la qualité de |'air
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The physical modeling system:
----A spectrum of coupled scales

Current technology for
operational weather and
climate prediction




Challenge in representing multi-scale urban
microclimate

New technology for
coupling fine-scale
models

Building energy models
Indoor-outdoor exchange




Chemical Transport Models (CTMs)




Flow, turbulence, and pollutant dispersion
In urban atmospheres

downstream regional transport}

-
regional flow aloft (synoptic ~1000 km)

(pollutants from N
upstream) ("} /fumigation

Entrammem , - Y
Convect\}ﬁ“ 2 3 | & biogenics

emissions

surface flow

sea breeze

<
Freeway:

heat, pollution ISR
noise, turbulence SESEEEEE

From
s s Fernando et al.
| ok, (2010)

noise,
\ turbulence




Distribution of chemical species in and along the Hong-Kong Island
calculated by a Large Eddy Simulation (LES) model at 100 m resolution
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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
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Downscaling Chemical Concentrations to
sub-urban Scales

Large Eddy Simulations

Secondary pollutant [NO2] (ppb) —
C0C O A XOC O3 1S1CEZ7 J.2C 02 A 02 129 ZHEC 0 G2 JC I
Preliminary calculation
O, titration
NO+O;>NO,+0,

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

Mesoscale domain

LES domain

— -

i S \ v’ -\\D

“WE. A B}
R | y
() ROy
,! A5

mesoscale models (e.g., WREF) will be used to simulate
the turbulent transport and chemical transformations of
pollutants in the urban environment.

Large eddy simulation (LES) models coupled to regional | ‘

~50m

~10km




100E-0G 2 00E-0S 4.01E-0S 8.0GE-03 1.61E-02 35.22E402 6.44E-02 1.29E-01 258BE-01 S17E-01

Ozone Flow NO + O, > NO, + O,
s ob _ Production of NO,
A N

Source & 4 A A& = |
of NO Idealized o3

S€nerayy, Udip,

I g lllence
Model of Chun-Ho Liu

Hong Kong University




La Qualité de l'air pendant |la COVID-19



NO,

e Sharp
reduction of
NO, during
g the covid-
event in
China

Lanzhot

Mean Tropospheric NO, Density (pmol/m?)




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

(a) 01-Jan to
23-Jan-2020

(b) 24-Jan to
30-Jan-2020

(c) 04-Feb to
10-Feb-2020

(d) 11-Feb to
24-Mar-2020

(e) 25-Mar to
12-Apr-2020

L

e

(f) 01-Jan to
23-Jan-2019

(g) 24-Jan to
30-Jan-2019

(h) O4-Feb to
10-Feb-2019

(i) 11-Feb to
25-Mar-2019

(j) 26-Mar to
13-Apr-2019




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

a. 15-Mar to b. 17-Mar to
12-Apr-2020 12-Apr-2020

W

c. 23-Mar to
12-Apr-2020

(7

\Jé;_"“"ca

d. 15-Mar to e. 17-Mar to
12-Apr-2019

f. 23-Mar to
12-Apr-2019
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TROPOMI NO, (105 molec. cm™?) |
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Latitude

Latitude

PM, ., NO, and O, in 2020 before and after the lockdown in China

PM2_5 mean during 0101-0122 (2020)

Longitude

Latitude

Latitude

NO2 mean during 0101-0122 (2020)

115
Longitude

115
Longitude

120

Latitude

Latitude

O3 mean during 0101-0122 (2020)

1-22 January
2020

115
Longitude

O3 mean during 0123-0229 (2020)

23 January to
29 February
2020

Shi and Brasseur, GRL, 2020

110 115 120 125
Longitude



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

North China Plain

e China: Reduction
starts in February
2020 (40% for NOXx,
25% for VOCs)
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= * Rest of the world:
i = 'l ’ Reduction is
highest on March-
April 2020.

Change in COVID emissions (%
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Reduction in NO,: From China in February to

the rest of the world in April 2020

February

COVID-ALL - Cntrl (%) NOx 202002 COVID-ALL - Cntrl (%) NOx 202004
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In China:

Reduction in: All emissions.

COVID-ALL - Cntrl (%) NOx 202002

The response of
NO, and

secondary NO,

pollutants to

re d u C e d 0°E 1-35%'E 150°E 165°E
emissions during Y Y IS YFIY

COVID-ALL - Control SOA 202002

February 2020

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

SOA

105°E 120 °E 165°E

60°E

NOx emissions.

COVID-NOx - Cntrl (%) NOx 202002
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VOC and CO emissions

60°E
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Emissions reduction only Emissions reduction
. No meteorological effect With meteorological effects
In Europe: ; 8

COVID-ALL - Cntrl (%) NOx 202004

The response of
NO, and ozone in
reduced emissions
during April 2020.
Importance of
weather anamalies

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

Dutch PM10 [ug/m3] 2017-10-19 09:00

Tue 23 Oct 2018 -
s, 0 Total PM < 2.5 um
25
s B
Q, Major Cities
0 Amsterdam
G
0 Sector Total
0 10 20 30 40 S0 60 70 80 90 100
concentration tpm25 [ug/m3]
= Country contributions in Amsterdam
TNO
35
30

«

Natural Boundary

Sector contributions in Amsterdam

125 [ug/m3]

Sep-11 Sep-14 Sep-17 Sep-2C Sep-23 Sep-26

= Energy - Industry Light_road_traffy
- Residential

Sep-29 oct-02 Oct-05 Oct-08 [

Non_road_traffic = Agriculture Natura



An International Initiative

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



MAP-AQ: Five Components

et 1. Multi-platform observations of weather and
wtbmthp; i atmospheric composition
y composition) 5. 2. Multi-scale air quality forecasts
 Modeling i 3. Develop tools to help AQ managers evaluate
ih‘ﬁa{ffiteifriiaéﬁi : , s nd i impacts of regulations, policies and
calth) countries.) urbanization

4. Translate technical details into actionable
information and disseminate to public
5. Train local students, scientists, and public in

Dissemination

Interpretation

(Develop tools to G developing countries

help air quality ¢
managers evaluate ?Ctionab!e

the impacts  of information and
regulations, policies, dlssgmlnate to
and urbanization.) public.)

[Kumar et al., Nature, 2018]



Développer des solutions

Air pollution is a major environmental risk to

y _ health. By reducing air pollution levels, countries
% can reduce:;

WASTE INCINERATION,
FOREST FIRES AND
CERTAIN AGRO-FORESTRY
ACTIVITIES.

< !( ‘ REDUCE AGRICULTURAL

= Heart Lung cancer, and ) b; ) = | ‘ ‘
disease both chronic and acute 1 1
respiratory diseases, > ; ~ ‘ _
including asthma \ A }' WA
A °
REGIONAL ESTIMATES ACCORDING l
TO WHO REGIONAL GROUPINGS: : 4

O_ye»r 2 million

1 South-East Asia Region

P ‘ Over 2 million

@ Nearly 1 million

s A
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Developing
Products and
Services to
Reduce Air
Pollution:

The AQ-Watch
Project

m innovation
for life

INERIS

Développement I

," UNIVERSIDAD
Bl DE CHILE



Data and Product Co-

Products : Commercialization
tools development Evaluation

ile
Global and regional air Colorad
. quality atlases 0 c.).r.a 0
In situ ng
observations YR )
ibuti ' .
service/agriculture ) Colorado
~
Pollution from fracking
service <P Colorado
Product and g
S Service | e
observations Dustand solarenergy | gyl Colorado
Development service ) T
\
Wildfire and visibility ' ' Chile, I '
service ) Colorado
)
Predictive Emission mitigation service |«@mumslp»{  Colorado
Models 4
N
Forecasts for metropolitan < * Beijing, I
areas Colorado
J




PM, . exposure (ug/m?)

Ozone exposure (ppb)
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Sentinel-5P TROPOMI
Cochabamba, Bolivia
NO2 tropospheric column
April 2018 - March 2019

© KNMI / ESA

(Image: Henk Eskes)

.

ospheric column (1e-6 mol mA-2

Sentinel-5P TROPOMI
La Paz, Bolivia

NO2 tropospheric column
April 2018 - March 2019
© KNMI/ ESA

(Image: Henk Eskes)

ospheric column (1e-6 mol mA-2

NO2 tropospheric column (1e-6 mol mA-2)
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NOx emissions from PanHaM in January (|n 1.e-11 kg/m2/s)

Emissions 40N
de NOx en
Asie

20N

Claire Granier, NOAA 0 0001 001 005 01 02 05 1 2 5 10 20



Downscaling
Emissions (VITO)
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