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The Atmospheric Composition Group in a nutshell




Main goal

To understand, constrain and predict the spatiotemporal variations
of atmospheric pollutants across scales along with their effects
upon air quality, health, weather and climate.

Cloud chemistry

Photochemistry Aerosol-cloud interactions

Aerosol-radiation interactions



Keywords

Emission inventories, natural emissions, source apportionment
Ozone, mineral dust, secondary organic aerosols, iron cycle
Variability and trends, aerosol chemistry, aerosol-radiation-cloud, climate
Model development, global, mesoscale, urban
Forecasting, reanalysis, data assimilation, machine learning, observations

Field campaigns, health effects
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Model and tool developments

HERMESv3 ® MONARCH CALIOPE-Urban

A python-based, open source,
parallel and multiscale
emission model

Street-scale dispersion model

* On-line Atmosphere-Chemistry coupling

Urban model

EC-Earth3-Iron LETKF DA GHOST/Providentia

Ensemble based Data Assimilation system Harmonised treatment of observations

a; and dynamic/flexible evaluation
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Forecasts, reanalysis, services

WMO Dust Regional Centers CALIOPE Forecast system

Dust forecasts and and renalysis
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o1 < CALIOPE system: air quality forecasts from regional to local scales :@
ICAP global aerosol ensemble Soon joining the CAMS air quality regional ensemble

¥ “

t ,_‘; . ..cr‘: £ ﬁ,

28
. : 004 . N o
60*S N 0.02 T v T T —
;:;;..:/_,\:,_ ¥ 0 o o »t ot
| 1
s | e
160°W 120°W 80°W 40°W  0°  40°E  80°E 120°E 160°E 001 002 003 004 00 Ol 007 008 00 O O2

— In collaboration with CES and ESS



Ongoing and near-future projects

AXA Research Fund  AXA Chair on Sand and Dust Storms
ERC Consolidator FRAGMENT

NASA EMIT

H2020 SOLWARIS, FORCES, AQ-Watch, CoCO2

CAMS 43, 50, 61, 81, 84, COP_66, COP_79, 2_35,2_40
ERA4CS DustClim

ESA CCl, DOMOS

National Retos NUTRIENT, BROWNING, VITALIZE

Cost Action InDust

Contracts and other Encomienda Dust, Service agreement, Sedema, Generalitat
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Health effects

THE LANCET
Planetary Health

CORRESPONDENCE | VOLUME 4, ISSUE 7, E268, JULY 01, 2020

Reduction in air pollutio

nd attributable mortality due to

COVID-19 lockdown

Hicham Achebak « Hervé Petetin « Marcos Quijal-Zamorano « Dene Bowdalo « Carlos Pérez Garcia-Pando

Joan Ballester =

Published: July, 2020 « DOL: https://doi.org/10.1016/52542-5196(20)30148-0

Emission reductions

Atmos. Chem. Phys., 21, 773-797, 2021 Atmospheric
https://doi.org/10.5194/acp-21-773-2021 ;

© Author(s) 2021. This work is distributed under Chemistry
the Creative Commons Attribution 4.0 License. and Physics

Time-resolved emission reductions for atmospheric chemistry
modelling in Europe during the COVID-19 lockdowns

Marc Guevara', Oriol Jorba Albert Soret', Hervé Petetin', Dene Bowdalo', Kim Serradell', Carles Tena',
Hugo Denier van der Gon?, Jeroen Kuenen, Vincent-Henri l’euch3 and Carlos Pérez Garcia-Pando'*
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COVID-19

NO, reductions, in situ, Spain

Atmos. Chem. Phys., 20, 11119-11141, 2020 Atmospheric
hitps://doi.org/10.5194/acp-20-11119-2020 :

© Author(s) 2020. This work is distributed under Chemistry
the Creative Commons Attribution 4.0 License. and Physics

Meteorology-normalized impact of the COVID-19 lockdown
upon NO; pollution in Spain

Hervé Petetin', Dene Bowdalo', Albert Soret!, Marc Guevara', Oriol Jorba', Kim Serradell', and
Carlos Pérez Garcia-Pando'2

PM, O3 changes and implications

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Science

NO2 reductions, satellite, models, Europe

Atmos. Chem. Phys., 21, 73737304, 2021 Atmospheric
hitps://doi.org/10.5194/acp-21-7373-2021 .

© Author(s) 2021. This work is distributed under Chemls‘try
the Creative Commons Attribution 4.0 License. and Physics

Estimating lockdown-induced European NO, changes using satellite
and surface observations and air quality models

Jérome Barré', Hervé Petetin?, Augustin Colette’, Marc Guevara2, Vincent-Henri Peuch', Laurence Rouil®,
Richard Engelen', Antje Inness', Johannes Flemming', Carlos Pérez Garcia-Pando®, Dene Bowdalo?,

Frederik Meleux®, Camilla Geels’, Jesper H. Christensen®, Michael Gauss®, Anna Benedictow®, Svetlana Tsyro®,
Elmar Friese’, Joanna Struzewska®, Jacek W. Kaminski®, John Douros'”, Renske Timmermans'!,

Lennart Robertson'2, Mario Adani'?, Oriol Jorba?, Mathieu Joly'*, and Rostislav Kouznetsov'®

Avoided short-term mortality in Spain

Contents lists available at ScienceDirect

Environmental Pollution

ELSEVIER

journal www.elsevier.

Lessons from the COVID-19 air pollution decrease in Spain: Now what? )

Xavier Querol **, jordl Massagué®®, Andres Alastuey? Teresa Moreno ?, Gotzon Gangoiti €, B
Enrique Mantilla®, José Jaime Duéguez ¢, Miguel Escudero®, Ellseo Monfort Carlos Pérez Garcia- l’ando sh
Hervé Petetm £, Oriol Jorba®, Victor Vazquez ' Jests de la Rosa Alberto Campos', Marta Mufiéz',

Silvia Monge !, Mana Hervés', Rebeca Javato ', Maria J. Cornide'

Trade-offs between short-term mortality attributable to NO, and O3
changes during the COVID-19 lockdown across major Spanish cities™

Hicham Achebak >, Hervé Petetin ©, Marcos Quijal-Zamorano °, Dene Bowdalo ©,
Carlos Pérez Garcia-Pando “°, Joan Ballester

In collaboration with ISGlobal, CSIC and ECMWF



Who are we?

e V¥ ;

Maria G. Enza Di T.

Jerénimo E.

Montse C. Arnau B. Santiago E.

Roger G. Franco L.

Hector N. Ruben S. Elisa B. Adolfo G. Cristina G.

Visitors ex-BSC and collaborators

+ long list of close
collaborators from
CES, ESS and CP
Thanks!

: a + 4 Open positions
[ N 2



Today

Aerosol modeling Iron modeling  Dust field campaigns
MONARCH EC-Earth FRAGMENT

Hector N. Ruben S. Elisa B. Adolfo G. Cristina G.
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MONARCH:
organic aerosol and
dust heterogeneous

chemistry

Hector Navarro - PhD Student
Ruben Sousse - PhD Student




Why studying Organic aerosol (OA) ?
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Sources and chemistry of OA (Hems et al., 2021)
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OA represents in some places more
than 50% of total aerosols mass.

Chemistry of OA is currently not well
understood.

Certain primary and secondary OA
have a strong influence on radiative
effect absorbing solar radiation. This
type of OAis known as Brown Carbon
(BrC).



OA and BrC representation in MONARCH

OA scheme based on Pai et al. (2020):

1)  Primary Organic Aerosols (POA)

0 @

2)  Secondary Organic Aerosols (SOA)

0.02um.

anthropogenic SOA biomass burning SOA

biogenic isoprene SOA biogenic terpeneSOA

0.02 pm 0.02 um- ‘
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We have performed sensitivity tests with different BrC
fractions of OA to reproduce observations over Barcelona,
Montseny, and Montsec EGAR stations:

BrC absorption (BCN) [100.0% of mass OA absorbing]

—4#— Obs
— Casel
—— Case 2
Case 3
— Case 4
Case 5
—— Case 6

In collaboration with:
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Dust heterogeneous chemistry

Assessing role of dust mineralogy in atmospheric chemistry
(as part of the FRAGMENT (ERC) project)

: ‘ Dust is emitted and . Heterogeneous chemical reactions
‘ Different sources — transported into the atmosphere forgmin liquid coatings
different dust mineralogies P P glq 9
MONARCH 1°x1.4° annual mean calcite O . ‘
J2014 2006-2008 mineral fraction (%w) ® Uptake coefficient = e

Emissions

B @ [
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Image credit: Maria Gongalves



MONARCH implementation

@ In MONARCH we implemented the HNO, @ Sensitivity studies are performed and evaluated
heterogeneous reaction on dust surface: with observations

Coarse nitrate on dust
— G=0.1
—— G=f(RH)
G=f(RH) & Mineralogy 0.5x502
G=f(RH) & Mineralogy 5x502 |
—— NAQPMS
obs

Coarse nitrate on dust

I I —_— G=0.1
o T T T P e e ‘ —— G=f(RH)
» » » » tms‘L 2 » Obs
;25
£
Uptake coefficient () depends on: 220 B
e Dust mineralogy (source) / 55|
: e % ,_l
e Ambient humidity il
e etc. . =
5 A [
2% 2 Y 3‘—' o St
10\’5 > 10\’5,03 10\’5,03 10\’6, > 10&5,0“ 10\’50“
time
@ Implementations are used in other FRAGMENT working - |

groups (i.e. aerosol radiation, aerosol cloud interaction)
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Iron Modeling -
EC-Earth

Elisa Bergas-Masso - PhD Student




The Atmospheric
Iron Cycle

Ocean productivity (specially in
ocean remote regions) relies upon
bioavailable Fe for photosynthesis,
respiration, and nitrogen fixation,
which makes the Fe biogeochemical
cycle a key modulator of the ocean’s
ability to uptake atmospheric CO2.
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Relative differences with PD

Relative difference in SFe depoisition [%] between SSP126 and HISTORII%AL
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Field campaigns in
FRAGMENT

Cristina Gonzalez Florez - PhD Student
Adolfo Gonzalez Romero - PhD Student




@

Frontiers in dust minerAloGical coMposition and its Effects upoN
climaTe (FRAGMENT)

Objective
1

Objective
2

Objective
3
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Challenges

Emission of minerals
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Radiation, Chemistry and Clouds

Methods

Theory
+
Field campaigns
+
Laboratory analyses

v 1

Field and Lab
-
Airborne spectroscopy
+

‘ pace-borne spectroscopy

EMIT
v

Modelling
+
State-of-the-art
+
New methodologies
EMIT

Image credit: C. Pérez Garcia-Pando (Pl of FRAGMENT)
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Other collaborators:




Field campaigns in FRAGMENT

[]Successfully concluded
[1Ongoing preparations_.#
[1Postponed ;

@

Vatnajokull glacier, Iceland,
August 2021

1 Morocco, September 20227

M’Hamid el Ghizlane,
Morocco, September 2019

Mojave desert, California,
USA, March 20227
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Experimental setup
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https://docs.google.com/file/d/1Hu23xL5JBNI9z3hj-TeA0s4hDY3I_Ajn/preview

Meteorological & airborne measurements
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Local & regional soil sampling
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Mapa sin nombre

Todos los cambios se han guardado en Drive.

® Afaciccapa &% Compartic
© Obtener una vista previa

¥ Capa sin nombre
"7 Estilos individuales
Q Madrid
Q sarcelona
Q Aeropuerto de Ouarzazate
Q mhamid

Mapa base

Santa Cruz.
de Tenerfe

o
Las Paimas de
Poam Panasta.

Argelia




AUGUST 2019 = S
e e e Arrival
a 5 6 7 8 9 10
" 12 13 14 15 16 17
18 19 20 21 22 23 )
“a “e “a e || Regional
== | exploration
SEPTEMBER 2019
Sun MON | TUE WED ™Y | sar
‘e ’'e " o'efe ‘e f®
® e e ["® '~
15 (160 17 J18 JTio 720 T
' Measures |
fo e o o e e e|——
F'A ‘mA
OCTOBER 2019  Take-down
s [ wow | e | wio ™Y ™ sar
's ‘o0 ‘ele®
6 @ 7 | 12
Return
Barcelona
Supercomputing

@

Center

Centro Nacional de Supercomputacion

Floods in the
desert?




Dust event

AUGUST 2019
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https://docs.google.com/file/d/1_E4MNyQxwl2C0RjwHs-3EJrNGpJXIFc1/preview

Next challenge....

Iceland
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Thank you!!



