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« Created in 2005; ~500 employees

* Research, develop and manage
information technology

« Facilitate scientific progress and its
application in society
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Farth System Services

* Atmospheric Composition (AC) group aims at better
understanding and predicting the spatiotemporal variations of
atmospheric pollutants along with their effects upon air quality,
weather and climate.

» Earth System Services (ESS) group group facilitates technology
transfer of state-of-the-art research from local, national to
international levels.

Performs applied research to demonstrate the ongoing value of climate and
atmospheric composition services and advance sustainable development in
sectors such as renewable energy, urban development, insurance, agriculture,
water management or health.
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* Development of the in-house MONARCH, an online multiscale non-hydrostatic
chemical weather prediction system that can be run either globally or regionally.

* Development of the in-house multiscale emission model HERMES

* Model evaluation including data from satellites, and lidar, Sun-photometer and in-situ
networks, both for gaseous and aerosol species, covering multiple time-scales.

« Development of an ensemble-based data assimilation techniques using data from
satellites and ground-based observations.

« Air quality in urban areas: enhancing modeling approaches, emissions, source
attribution and impacts

* Understanding aerosol processes and effects, with emphasis on mineral dust

* Research backbone of in-house and external forecasting activities:
« WMO Sand and Dust Storm Warning Advisory and Assessment System
Regional Center (WMO SDS-WAS RC) for Northern Africa, Middle East and Europe.
» International Cooperative for Aerosol Prediction (ICAP).
« CALIOPE air quality system (“CALIdad del aire Operacional Para Espafa”), which
provides high-resolution air quality forecasts over Europe.
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Multi-scale models from
global to local scales
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Development of MONARCH @m” G

Multiscale Online Non-hydrostatic AtmospheRe CHemistry model

Multiscale: global to regional scales allowed (nesting capabilities)
Non-hydrostatic dynamical core: single digit kilometre resolution allowed
On-line coupling: weather-chemistry feedback processes allowed
Ensemble-based data assimilation system for aerosols

‘: Janjic and Gall (NCAR/TN 2012)
NCEP/NMMB | -
— Janjic and Vasic (EGU2012)

— Janjic et al. (MWR 2011)

— Pérez et al. (ACP 2011)
— Haustein et al. (ACP 2012)

| — Spada et al. (ACP 2013)
BSC-CTM | AEROSOLS — Spada et al. (AE 2014)
— Spada et al. (in prep)

— DiTomaso et al. (GMD 2016)

MSISLUNS S ., Varti et al. (ACP 2016)

— Badia and Jorba (AE 2014)

GAS-PHASE \ — Jorba et al. (JGR 2012)
— Badia et al. (GMD 2016)

CHEMISTRY
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CURRENT FORECASTING — DEVELOPED/AVAILABLE — UNDER DEVELOPMENT - PLANNED

REGIONAL REGIONAL
DOMAIN GLOBAL North Africa, Middle Europe/lberian Peninsula/Urban
(ICAP) East and Europe Areas
(SDS-WAS) (CALIOPE)
CMAQ (DREAM for dust)
QO 0 o
Offline: WRF-ARW
Meteorology Inline: NMMB Inline: NMMB Inline: NMMB
nesting
, 1.4x1 deg 0.1x0.1 deg
0.7x0.5 deg 0.03x0.03 deg 0.1x0.1 / 0.04x0.04 / 0.01 x0.01
24 40 30
levels
48 60-70 60-70
NA
.y MODIS DT+DB (DU) NA
et Clos MODIS DT+DB (ALL) SIOIIS (DI B2 (DAL MODIS DT+DB (ALL)
Aerosol bl s, BC.’ CMAQ (AERO5)
Species FOly, S0 ol MONARCH aerosols
P SOA anthro, SU, NI b
Gas phase CBM-IV CBO05
chemistry CB05 CB05
Emissions HERMES 3.0 (HTAP v2) EMEP, MEGAN / HERMES,
MEGAN/ HERMES MEGAN
: . GFAS NA
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NMMB/BSC-CTM (800hPa) MOPITT (800hPa) NMMB-MOPITT (800hPa)
N

« OH, 03, HOZ2: for aerosol
calculations we can use online gas-
phase simulations or off-line
climatologies

» Carbon-bond CBM-IV and CB05
mechanisms implemented (Gery etal.,, NMMB/BSC-CTM 20100701 12 UTC - AQMEII2 domain
1989, Ya rWOOd, 2005) tf:tal co{umn NIOZ emtssnonsl

JA

60N — : 7 > : B

* Coupled with Fast-J photolysis scheme
(Wild et al., 2000)

SON

40N 1S - L

* Mechanism implemented through KPP A »
kinetic pre-procesor (Damian et al., 20N { -
2 00 2 ) NNTA_B/BSC-ETM/TMMB?l omi : - NMMB24 - OMI

3| |NMB= 6.3%(land) / 50.13 % (sea) ~—=-7

A
A

DJF

* Implemented an EBI solver for CBO5 as
in CMAQ. Includes 51 chemical species
and 156 reactions. Working version and
thoroughly tested.

MAM

A

* Stratospheric ozone: linear model
Cariolle and Teyssedre (2007) or Monge-
Sanz et al. (2011)

SON

NO2 tropospheric vertical colu
(1e15 m: cm2)
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MONARCH: Aerosols @ e

sectionl D00ec..... D00oe....

sea-salt (SS)

*10pm 0.1pm’ H5um 0.1um’
BUIk 0.01PM ey
Black Carbon (BC) ®: O-
0.02pM ..
Organic Aerosols (OA) O POA . POA

Primary Organic Aerosols (POA)

Secondary organic aerosols (SOA)

4 gaseous tracers (OH, O3, TERP, ISOP). Online emission (MEGAN) .02ym--
4 aerosol-phase hydrophilic tracers ’ $§S.OH ‘ '?eor:O
2-product scheme of Tsigaridis and Kanakidou (2007) ) |

Oxidation by OH and O3 and gas-particle partitioning ‘ ‘
Anthropogenic SOA from Toluene and Xylene under development

Sulfate (SU):
4 additional prognostic tracers (SO2, DMS, H202, H2S04) 0.07 1M one
3 online or climatological oxidants (OH, O3, HO2) ‘ sU
gas-phase oxidation of SO2, DMS and H202 by OH
aqueous-phase oxidation by H202 and O3

Nitrate (NO3) and Ammonium (NH4): as calculated by EQSAM
thermodynamic equilibrium model but not evaluated yet o
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« Dry deposition: aerodynamic and surface resistance (Zhang et al., 2001)

« Gravitational settling: Stokes approximation, Cunningham correction factor. Both implicit and
explicit upwind schemes available.

* In-cloud and below cloud scavenging from grid-scale (Ferrier Microphys.) and sub-grid scale
(BMJ) clouds

» Below cloud scavenging (directional interception, inertial impaction and Brownian diffusion)
* \Vertical convective mixing follows the BMJ adjustment scheme (instead of a mass flux scheme)

 Radiation: RRTM SW/LW aerosol radiative feedback

10



MONARCH: Aerosols

organic carbon surf. concentration (PM2.5)
T T T T

annual average (ug m™*); interannual mean over 2002-2006

2e-03 5e-03 1e-02

2e-02 5e-02 le-01 2e-01 5e-01 1 2

5

organic carbon PM2.5 (US)
10 e e
0= %40 0o
s tb = +41.9%
& g =58.3%; 4
E L3 + 3
g o
dF R ; E
g LERE "
T e
0.01 0.1 1 10
IMPROVE (ug m™)

black carbon surf. concentration (PM2.5)

model (ug m‘3)

10 g—r—rrrrm

0.1

0.01

annual average (ugm™*); interannual mean over 2002-2006

10 5¢-04 1e-03 2¢-03 5e-03 1e-02 2e-02 5¢-02 1e-01 2-015¢-01 1

black carbon PM2.5 (US)

bl ol

0.01

0.1 1
IMPROVE (ug m™)

10

Vs
Barcelona i SEURRG
Supercomputing ]

Center

Centro Nacional de Supercomputacion

MONARCH ongoing

Refinement of model schemes
on-line natural emissions,
dry and wet deposition,
aerosol size distributions,
optical properties,
convective transport,
stratospheric boundary
conditions.

DN NI NI NI NN

Missing species and processes
marine POA,
anthropogenic OA

dust mineral types
heterogeneous chemistry
new SOA pathways and
mechanisms

N NI NI NN

« One-way nesting capabilities of the

model (global-regional, regional-
regional)

« 2017 -> full aerosol global forecasts
« 2018 -> transition of regional
CALIOPE forecasts to MONARCH!




HERMESv2.0:

An emission model for Europe and Spain

High Elective Resolution Emission Modelling System version 2 (HERMESv2.0)

HERMES-DIS HERMES-BOUP
| I I I ! T ]
* EMEP (50kmx50km) SNAP01/03/04/09 SNAPO7 SNAPO08 SNAP02 SNAP05/06/10
emission database * Local point (COPERT IV) * Monthly « Statistics + INESP emission
« Source SNAP sector source inventory * Road Network traffic by on fuel database
specific spatial and with specific data with daily airport consume « Elemental
temporal proxies by stack average traffic, « Annual ship « Population SNAP activity
speed circulation, operations map specific spatial
vehicle park by port and temporal
composition and « Agricultural proxies
temporal profiles vehicle fleet
per strech at NUTS 3
level
Desaggregation MEGAN v 2.04 Bottom-Up Top-Down Down-
Methodology Biogenic emissions approach approach scaling

GIS pre-processing data & Calculation process

Hourly and gridded NO,, NMVOCs, CO, SO,, NH,, TSP, PM,, and PM, ; emissions

Chemical speciation (CBIV or CB05)

Emissions file management

!

Emission analysis/visualization
* NetCDF files, .csv files, .kmzfiles...
analysis/visualization with GIS, Google Earth...

Emission data for air quality modelling
* Hourly gridded and speciated emission files
(inputs for the CALIOPE system)

OCHOA
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BSC-ES/EMEP disag. by HERMES v.2 Emissions NO2 (kg/h)
Emissions for 20UTC 25 Feb 2015 - Europe Res: 12x12km

(( Barcelons
Sape
oo
BSC-ES/HERMESvV2 Emissions NO2 (kg/h)
Emissions for 08UTC 25 Feb 2016 - Catalonia Domain R«

ra N o

12



HERMESV3.0: A multiscale emission model for

supporting air quality modelling research

A stand-alone model for simulating emissions on a user-defined grid for global,
regional and street-scale air quality models. Users can select, combine and scale

(horizontal,

vertical,

temporal,

EXCELENCIA
VERO

Barcelona ¢ SEVERO

Supercomputing
Center
Centro Nacional de Supercomputaci

@

speciation) multiple global and regional emission

inventories through a flexible configuration file to obtain hourly gridded emissions.

Emission data library

* Multiple global and
regional emission
inventories (no pre-
processing needed)

* Online emissions:
- Biogenic (MEGAN)
- Lightning

- Ocean

* Spanish bottom- up
emission inventory
(street level emissions)

Conservative regridding

* User-defined grid:
- Regular lat-lon
- Rotated lat-lon

- Lambert Conformal
Conic

* Mask and scale
factors for combining
and updating emission
inventories

* Vertical profiles:
- Point sources

- Biomass burning
- Air traffic

* Temporal profiles:
Monthly, weekly and
daily factors per sector

*VOC and PM2.5
speciation:

- CBO5, SAPRC99
- AERO5, AERO6

Vertical, temporal and
specitaion treatment




MONARCH: Aerosol data assimilation
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MONARCH coupled with a Local
Ensemble Transform Kalman Filter
(LETKF) for the assimilation of
aerosol optical depth observations

Mineral dust application

The ensemble forecast is based on
uncertainties in the dust emission
scheme

- vertical flux,
- size distribution at emission
- threshold on friction velocity

observations

ensemble
forecast

ensemble mean analysis
analysis-initialized
forecast

Assimilated satellite observations, filtered for dust

AQD (550nm) MODIS DB L3 2007050212 6.4 AOD (550nm) MODIS NRL L3 20070502 64
. 80°N

80°N ~— = .
3.2 FECE R e oo S
1.6 o N A ST ] 1.6
. 12 |- o Y\ 1.2
08 | e 5. 6&%_‘ 0.8
& 0.4 4 ’ d - < ([ 0.4
L - 0.2 : L 0.2
el 0.1 sorspm—=F=f ="t 0.1
180° 140°W 100°W 60°W 20°W 20°E 60°E 100°E 140°E 180° 180° 140°W 100°W 60°W 20°W 20°E 60°E 100°E 140°E 180°
MODIS Deep Blue MODIS Dark Target

Ensemble spread reduction where obs are present

AOD (550 nm) CV, ENS-free-run AOD (550 nm) CV, DA-NRL-DB
T T T T z T T T T T

o.
180° 140°W 100°W 60°W 20°W 20°E 60°E 100°E 140°E 180°

180° 140°W 100°W 60°W 20°W 20°E 60°E 100°E 140°E 180°

Ensemble free run DA run

14
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Dust AOD (550nm), Control Simulation Dust AOD (550nm), DA Simulation . - -
M evaoor Assimilation Future
3.2 N ¥ o 6-\;?" 32
g N - 2 » Development of improved ensemble
Yy o ig members (perturbed sources,
f Yoy .- P%Zg} model schemes and atmospheric
P o] RALIAIIR AL R initial conditions
> S N - — BANS " )
» Testing assimilation of vertical
e rofiles (LIDAR
AERONET Validation P ( )
llorin llorin « Combining multiple sources of data
. Ec’zf:r’:Sim”at“’" .| = FC+12 (AN-initialised)

= FC+12 (FC-initialised)

,| A A Dust observations .
o o| A A Dust observations

* Aerosol reanalysis with data
assimilation

AODs50
AODs5

» Multiple aerosol species (not only
dust but also sea-salt, sulphate and
Better description of current and forecast organics)
conditions for dust with data assimilation

15



Mineral dust: @ .
AXA Chair on Sand and Dust Storms

Started Obtober 2016
15-year research program funded by AXA

Research

BSC Computer Sciences

--!,,':-:;’ AXA Chair S‘:‘:“:‘
Sand and ‘

Dust Storms

Aination

Impacts and and
mitigation private/public
engagement

Services

WMO Dust centers
BSC Communication
BSC Visualization

16
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AXA CHAIR on Sand and Dust Storms

GOAL 1 GOAL 2 GOAL 3 GOAL 4 GOAL 5

GO A LS DUST PROCESSES & EFFECTS UPON FORECASTS & PRODUCTS IMPACTS & MITIGATION DISSEMINATION & PUBLIC
VARIABILITY WEATHER & CLIMATE ENGAGEMENT
FOCUS @ Present-day dust sources @® Dust composition @ Data assimilation and model ® Health @ Scientific community
uati
ARE AS ® Wind gusts and dust ® \Weather and climate evalation @ Agriculture ® Industry
2 ° .
mobilzation @ Atmospheric chemistry and fGIobaI gnd [Repualitet @® Solar energy and @ National Weather Services &
- . orecasting - .
@ Dust variability iron transportation decision-makers

® Ensemble dust forecasting O Gl
@ Long-range dust prediction

@ Dust reanalysis

\ Scientific community

TWO-WAY
GOALS
INTERACTIONS

National weather
services, Industry &
\ Decision-makers

HOST ATHMOSPHERIC COMPOSITON GROUP
INSTITUTION:
EARTH
SCIENCES COMPUTATIONAL EARTH SCIENCES GROUP
DEPARTMENT

STRUCTURE

CLIMATE PREDICTION GROUP

BSC Communication Dpt. **

* Centers in collaboration with AEMET / ** Support service of the BSC-CNS to all its departments

17
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AQ data availability © = ¢

mmm

2009 100% 99% 38% = 42%
2010 99% 99% 84% - - 82% 89%
2011 96% 98% 99% - - 98% 99%
2012 69% 49% 34% - - 33% 34%
2013 100%  100%  65% 54% 100% 100% 100%
2014 100%  100% - 99% 99% 99% 100%

95% 95% 95% 95%
24% 24% 24% 91%

2015 98% 98%
2016 92% 92%

18
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Ukraine

P

NJdoyva
G

Romania {(A

\SerblaQ.’ %\ y
Bufgarlaf

Istanbul

' Italy
®Rome
\

Tyrrhenian Sea

Greece

& ’i’unisia Mediterranean Sea ol
') & |
Morocco = \\ (/ ’ —
\
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NO2z --—- 20161201 - 20161231 --- Est: Barcelona (Gracia-Sant Gervasi) - U T —-—- Res:4xdkm
=220 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
NO2z Prevision 24 h
- NO>z Prevision 48 h
oo he MNOo Observacian -
*  walor limite para la proteccién de la salud humana (anual) 40 ug/m3
Walor limite para proteccion de la salud humana (horario) 200 pa/m=
180 — H - —
o
=
=
=
=
P
o
=
20161203 20161207 20161211 20161215 20161219 20161223 20161227 20161231
Los valores medidos de calidad del aire son datos sin validar Fecha
NO> KF --- 20161201 - 20161231 --- Est: Barcelona (Gracia-Sant Gervasi) - U T --- Res:4x4dkm
220 T T T T T T T T T T T T T T T T T T T T T T T T T LN T T T
NOs> Prevision 24 h
- NOs> Prevision 48 h
00 he MO Obhservacian -
] Valor limite para la proteccién de la salud humana (anual) 40 ug/m>=3
Valor limite para proteccién de la salud humana (horario) 200 pg/m=
180 — . : : : g S : H : : d g g g | g -
160
140
KF  + ...
—
=
=
S' 100
=
80
Sle]
40
20
o i i i i i i i i e i i i i i i i i i i i i i i i i i i i i

20161203 20161207 20161211 20161215 20161219 20161223 20161227 20161231 20

Los valores medidos de calidad del aire son datos sin validar Fecha
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2016 — CALIOPE —4 km x 4 km
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PMyg --- 20160801 - 20160831 --- Est: Madrid (Escuelas Aguirre) - U T --- Res:4x4km

100 T I I T T T I I T T T I I T T T T I T T I T I T T I T
: : : : : : PMyg Prevision 24 h
PM1q Prevision 48 h
Yo R HVUOR SUUU VRO SOUPRS SO SUOR SO PMjg Observacion ¢
A Valor limite parp|la proteccion de la salud humana (anual) 40 pg/m?3
Valor limite pargfla proteccion de la saludfumana (diario) 50 pg/m3 -

PM1g (pg/m?3)

20160803 20160807 20160811 20160815 20160819 20160823 20160827 20160831

Los valores medidos de calidad del aire son datos sin validar Fecha
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PM10 dust contributions =l

PMqg KF --- 20160801 - 20160831 --- Est: Madrid (Escuelas Aguirre) - U T --- Res:4x4km
100 T I | l I I I I T T I I I T T T T I T T I T

I T T I
PMyg Prevision 24 h ——

40

30 |

90 i . i
80 |- S : /I ...
70 i oo ¥ : 5| |\3 ER
. e : : : 3 : :
- . : T
60 |-* o ¥ LN | -
o) * : 5 .
™ : : : ; ! !
E H H : H
~ . : 2 it d
(=)} 2 g
2 50 i ; —
o H .: H
— : : : :
> : : :
o : : :
| :\}. |
4 1 . s

-
*
*
+
kS

==

T%e ee,

—
ote § o,

o3

PRl EASERS

*

10

TV D6
XY P44

20160803 20160807 20160811 20160815 20160819 20160823 20160827 20160831
Los valores medidos de calidad del aire son datos sin validar Fecha
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Other systems

Tuesday 13 December 2016 00UTC CAMS Verification t-006 VT: Monday 12 December 2016 18UTC
Observations + LOTOS-EUROS Analysis Surface Nitrogen Dioxide [ pg/m3 1

Tuesday 13 December 2016 00UTC CAMS Verification t-006 VT: Monday 12 December 2016 18UTC
Observations + EURAD-IM Analysis Surface Nitrogen Dioxide [ pg/m3 1

| i

% = b

Tuesday 13 December 2016 00UTC CAMS Verification t-006 VT: Monday 12 December 2016 18UTC
Observations + EMEP Analysis Surface Nitrogen Dioxide [ pg/m3 ]

Tuesday 13 December 2016 00UTC CAMS Verification t-006 VT: Monday 12 December 2016 18UTC
Observations + MATCH Analysis Surface Nitrogen Dioxide [ pg/m3 1

Tuesday 13 December 2016 00UTC CAMS Verification t-006 VT: Monday 12 December 2016 18UTC
Observations + MOCAGE Analysis Surface Nitrogen Dioxide [ pg/m3 ]

Tuesday 13 December 2016 00UTC CAMS Verification t-006 VT: Monday 12 December 2016 18UTC
Observations + SILAM Analysis Surface Nitrogen Dioxide [ pg/m3 ]

EXCELENCIA
Barcelona SEVERO

. OCHOA
Supercomputing )
Center
Centro Nacional de Supercomputacion

12 Dic 2015
18 UTC
NO2

COPERNICUS

25
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RESOLUTION BSC-ES/AQF WRFv3.5.1+CMAQVS5.0.2+HERMESV2 Nitrogen Dioxide (ng/m?)

62°N
57°N
52°N
47°N
42°N
37°N
32°N
27°N
22°N
17°N
@49,:,)[,\( 30°W 20°W 10°W  0° 10°E 20°E 30°E 40°E 50°E

Supercomputing .
Cantar -~

BSC-ES/AQF WRFv3.5.1+CMAQV5.0.2+HERMESv2 Nitrogen Dioxide (ug/m3)
Iberian Peninsula Res: 4x4km

(( s 10°W 8°W  6°W
e



RESOLUTION

EXCELENCIA
SEVERO
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Barcelona
Supercomputing ]

Center
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Daily mean for the ozone episode 06-07-2015 to 18-07-2015

42.8°N
42.6°N
42.4°N |
42.2°N

a2°N
41.8°N
4L6°N |

41.4°N

41.2°N

41°N

40.8°N

40.6°N
0.2°E 0.5°E 0.8°E 1.1°E 1.4°E 17°E 2°E

42.8°N
42.6°N
42.4°N
42.2°N

42°N
41.8°N
41.6°N
41.4°N
41.2°N

41°N
40.8°N

40.6°N

OV
0.2°E 0.5°E 0.8°E 1.1°E 1.4°E

2.3°E 2.6°E 2.9°E 3.2°E

160
140

R

17°E 2°E 2.3°E 2.6°E 2.9°E 3.2°E

42.8°N

42.6°N

42.4°N

42.2°N

42N | R

a18°N| L

41.6°N | e
lo
41.4°N ‘}n
41.2°N (’
an [y ©

40.8°N

40.6°N e

0.2°E 0.5°E 0.8°E 1.1°E 14°E 1.7°E 2°E 2.3°E 2.6°E 2.9°E 3.2°E

42.8°N
42.6°N
42.4°N

42.2°N

41.4°N
41.2°N
41°N

40.8°N

0.6°N [T o3

0.2°E 0.5°E 0.8°E 1.1°E 14°E 1.7°E 2°E 2.3°E 2.6°E 2.9°E 3.2°E

42 8°N

42.6°N

42.4°N

42.2°N

42°N

41.8°N |

41.6°N
1©

41.4°N

41.2°N

41°N
40.8°N

40.6°N |

0.2°E 0.5°E 0.8°E 1.1°E 1.4°E 17°E 2°E 2.3°E 2.6°E 2.9°E 3.2°E

42.8°N
42.6°N
42.4°N
42.2°N

42°N
41.8°N
41.6°N
41.4°N
41.2°N

41°N
40.8°N

40.6°N

0.2°E 0.5°E 0.8°E 1.1°E 14°E 17°E 2°E 2.3°E 2.6°E 2.9°E 3.2°E
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Source attribution (Pay et al.)

Barcelona 9 2
Supercomputing ]
Center

Centro Nacional de Supercomputacion

Zero-out (brute force) Source apportionment

(i.e. removing emissions)

0 e
Q / PM, 5(1)

(SA)

SA
P PM, | 1neml-
PM; 5
~zo2 U
v SA advantages
Baczes“ene - Time saving (one simulation)

« Mass consistency
» Real atmospheric conditions
« Fully traceable

28



Oz (um™) 3

NO, (um™®)

160-
140-

120

100-
80-
60-
40-
20-

120-
100-
80-
60-

40
20+

EXCELENCIA
Barcelona SEVERO

SA for ozone Sirercamputing & <

Center
Centro Nacional de Supercomputacion

(a) ES1992A-BARCELONA (PALAU REAL) - BAC-URB

Boundaries
Other sources

Power Plants
Industry
On-road traffic
Shipping

Observation
Model

WWW °_ 3 Mi Jﬁm kel Ay

0721 0722 0723 0724 0725 0726 0727 0728 0729 0730 0731 0801
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SA for ozone ~ =B

Centro Nacional de Supercomputacion

BSC-ES/AQF ARWv3+CMAQ-ISAM+HERMESV2 03 SNAP1 (ug/m3) BSC-ES/AQF ARWv3+CMAQ-ISAM+HERMESV2 03 SNAP34 (ug/m?3)
(a) ES1992A-BARCELONA (PALAU REAL) - BAC-URB p90 forecast for 28 Jul 2012 - Res:4x4km p90 forecast for 28 Jul 2012 - Res:4x4km
o o
160- 44.3°N 44.3°N
140- °
120 42.8°N 42.8°N 60
% 100- %
€ 40
< 80- 41.3°N 41.3°N
© go- *
24
407 39.8°N 39.8°N 18
20- 12
0- 10
38.3°N 38.3°N
6
4
36.8°N 36.8°N »
1
35.3°N 35.3°N
=
10.5°W 9°W 7.5°W 6°W 4.5°W 3°W 1.5°W 0° 15°E 3°E 4.5°E 10.5°W 9°W 7.5°W 6°W 4.5°W 3°W 1.5°W 0° 1.5°E 3°E 4.5°E
BSC-ES/AQF ARWv3+CMAQ-ISAM+HERMESV2 03 SNAP7 (jg/m?) BSC-ES/AQF ARWv3+CMAQ-ISAM+HERMESV2 O3 SNAPS (ug/m?)
p90 forecast for 28 Jul 2012 - Res:4x4km p90 forecast for 28 Jul 2012 - Res:4x4km
NET O,
70
BSC-ES/AQF ARWv3+CMAQ-ISAM+HERMESV2 03 (ug/m?) . 0 .
p90 forecast for 28 Jul 2012 - Res:4x4km 42.8°N w0 42.8°N
44.3°N 40
o o
41.3°N 0 41.3°N
24
42.8°N 39.8°N 18 39.8°N
14
38.3°N 0 38.3°N
41.3°N 6
4
36.8°N 2 36.8°N
o
39.8°N 1
35.3°N . A s : == 35.3°N : N y
38.3°N 10.5°W 9°W 7.5°W 6°W 4.5°W 3°W 15°W 0° 15°E 3°E 4.5°E 10.5°W 9°W 7.5°W 6°W 4.5°W 3°W 15°W 0° 1.5°E 3°E 4.5°E
BSC-ES/AQF ARWv3+CMAQ-ISAM+HERMESV2 03 OTHR (ug/m?) BSC-ES/AQF ARWV3+CMAQ-ISAM+HERMESV2 03 BCON (pg/m?)
P90 forecast for 28 Jul 2012 - Res:4x4km p90 forecast for 28 Jul 2012 - Res:4x4km
36.8°N 44.3°N 44.3°N
i i 70 70
42.8°N 60 42.8°N 60
o
35.3°N 50 50
10.5°W 9°W 7.5°W 6°W 4.5°W 3°W 1.5°W 0° 1.5°E 3°E 4.5°E 40 40
41.3°N 41.3°N
30 30
24 24
39.8°N 18 39.8°N 18
14 14
38.3°N 0 38.3°N 0
6 6
4 a4
o o
36.8°N 2 36.8°N 2
1 1

35.3°N 35.3°N

10.5°W 9°W 7.5°W 6°W 4.5°W 3°W 1.5°W 0° 1.5°E 3°E 4.5°E 10.5°W 9°W 7.5°W 6°W 4.5°W 3°W 1.5°W 0° 1.5°E 3°E 4.5°E
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Earth System Services

The Earth System Services group facilitates
technology transfer of state-of-the-art research from
local, national to international levels
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Research lines and sectors Sy &
RESEARCH USER SECTORS
UELOCITAT
MAXIMA
Air quality M3 TADR
Sand

and dust storms

Transport

Climate predictions

Wind energy Agriculture Insurance 32
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www.bsc.es

Operational forecast: CALIOPE and SDS-WAS

’ A =
f  Iniclo CALIOPE No2 " ™ iy .
Pronéstico de calidad del aire -+ {i}- o~
La Vall d'Uixo .

| [hv-22s ] ) L 7 a» k. 3 ;,’,:
| Villar del (A2 s 4 2o ~ 7
(@ CALIOPE System - Ry

‘ e &
‘System air quality forecast -2 ; ' J l.ﬂ' ; : ‘ | ‘
i jyrﬁﬂ v, \ Port de Sagunt (E ‘ //'D ‘ ;(‘%QQ"‘ ‘,Q\% ‘) %- //

FORECASTS EVALUATION PUBLICATIONS NEWS NKS CONTACT
L AP-7 | ©

/4 ) 4 p
Forecasts g . ’f : ;{ ¥
Vz RN SN
Valéncia 7 \‘i' " Y
Emssons Forecast  WeatherForecast  Sateltemages  Ar Qualty ndex & Levels  Geoprocessed Forecast Torr - % .
Europe Canary isiands.

Andausia Aragon  Astures  Balearicisiands  Cantabria  Catalonia  Castie La-Mancha Castieandleén Extremadura  Gaica  LaRioja

BSC-ES/AQF WRFV3.5.1+CMAQV5.0.2+HERMESV2 Nitrogen Dioxide (ug/m?)
4xakm

02h forecast for 02UTC 12 Jun 2017 - Iberian Peninsi es: Cortes

B0 - B0 ~de Pallés

Su Mo Tu We Th Fr

Gandia
Oliva

Ir a Barcelona (Palau Rel... ) p  +d)1h

Nivel de CA Estaciones Mapa
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CALIOPE Air quality forecast system oeone Q5
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EMISSION FORECAST
HERMES v2

CALIOPE
(www.bsc.es/caliope)

Quantify relation between

emissions, meteorology and air
concentration =
Forecast air pollution episodes {8 kg <)

Provide and develop short and ﬁR QUALITY FORECAST CMAQ I I \

long term mitigation plans

NCEP GLOBAL SIMULATIONS
Initial and boundary conditions

(4:km X 4-km) *

NCAR MOZART4 S/AQF ARWv3.2+CMAQV5.0+HERMESv2+BSC-DREAM8b v2.0 PM10 (p
12h forecast f¢ ninsula Res: 4x4km

as 12UTC 01 Aug 2013 - Ib Pe
Boundary Conditions

SAHARAN DUST
OUTBREAKS
BSC-DREAMS8b v2

BSC-DREAMSb v2.0 Dust Low Level Conc. {yg/m" )
06h forecas t for 18UTC 01 Aug 2013
w

Domains:
Europe (12 km, 480 x 400 cells)
Spain (4 km, 399 x 399 cells)

X L b 2 A G
20°W 10°W 0° 10°E 20°E 30°E 40°E

Pria s
(50 km x 50 km) J

R
- A
(12 km x 12 km)

A CONSEJERIA DE MEDIO AMBIENTE G A sl roes
JUNTA DE ANDALCR Y ORDENACION DEL TERRITORIO RS DCEESPANA  OEAGRICULTURAALIMENTACION
- - Y MEDIO AMBIENTE

L T ’
22 gg'c":,:;‘{as f:?"i’:giir.‘faggs??ggf;g?ﬁmdzd ) Generalitat de Catalun){a .
Y, Departament de Territori
i Sostenibilitat »
fundacion [*

6 =Errl @i s

Al o IBERDROLA

3

METEO. OBSERVATIONS ) © AQPOLLUTANT OBSERVATIONS
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Air Quality Forecast System for Mexico DF @mm.., Qe

Current Status w] CDMX %

Characterization of the
air quality state througha |

’éﬂ, icél‘;%;jggl}&re‘g:m;m KN 08 horas §15-C
network of automatic air ¥ ,,,,.: mm R .

CALIDAD DEL AIRE
EN LA CIUDAD DE MEXICO I 20 1 4
Qe Orecuar O uaa @ muvmaa @ oaremavavente mata @ mantenm

(/(';u ]
o o Este mes verifcan: _‘:I
e w CDMX - B

AQFS-MexDF NOx (kg/h) ZMVM Res:1kmx1km AQFS-MexDF O3 (ppbV) ZMVM Res:1kmx1km
2014/02/12 - 06:00:00 - UTC 2014/02/21 - 06:00:00 - UTC

Meteorology m Chemistry and Transport

44444

.....

R [ & vt - 8 Ly

v" Complement the public information service provided by the monitoring network

v Know in advance the possibility that air pollution episodes occur

R am

v" Contribute to the development and evaluation of air quality plans (ProAire)
T e B R R - -
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Mineral dust: forecasting and services Sirereomsutins

GLOBAL

v Daily dust operational forecast (global and

regional) o forcas for 1207 02 ug 2018
http://www.bsc.es/earth-sciences/mineral- <
dust/nmmbbsc-dust-forecast

23

13

v" Contribution to the ICAP multi-model
ensemble (global)
http://icap.atmos.und.edu

as

az2s

7013

‘/ WMO Dust CenterS North Africa-Middle East-Europe
* Sand and Dust Storm Wa rning Advisory and NMMB/BSC-Dust Dust Load (g/m? } and 700 hPa Wind
. 36h forecast for 00UTC 02 Aug 2016
Assessment System Regional Center for I BT a - SR

North Africa, Middle East and Europe (SDS-
WAS RC) http://sds-was.aemet.es el

* Barcelona Dust Forecast Center (BSFC): First Y. PGP\ ™
specialized WMO Center for mineral dust | RO ey
prediction http://dust.aemet.es : Erie '

oM W T WE 0 X

; é SEEsPARA ﬁ&mmmm A L_MJ- 36

Agircia Extatal de Metecoroiogia
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@

Air quality planning

, 2008
, 2010

Goncalves et al.

* Speed management

_ _ Baldasano et al.
 Traffic volume reduction:

Soret et al., 2011, 2013

LEZ, mobility planning

* |C engine vehicles: Soret et al., 2011, 2013

*Updating Euro standards

Goncalves et al., 2009
*Alternative fuels
Goncalves et al., 2011

7]

S o Mobility _|

® < | management

& g strategies

‘g -]

a O_|

2 3

£ CE)' Lower

® o | polluting

c fuels and
technologies

Industrial sources

Port and airport

fErem vehicles: Soret et al., 2014

Baldasano et al., 2014
19 studies with companies

Soret et al., 2011, 2013
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Fleet electrification

Fuel red.

Micro-hybrid 9-10%

Mild-hybrid 10-20% e an ool s
Plug-in gle/ctric vehicl

Full-Hybrid (HEV) | 20-30% 2 Km

PHEV 35-85%  20-80 km

e.g. Piaggio MP3 Hybrid 300

Range Extender 65-100% 50-120 km

BEV 100% 80-300 km

Fuel cell vehicle
(FCEV)

Battery electric vehlcle (BEV)

H2  400-600 km [




Fleet electrification. Air quality impacts

NO2 (ug m-3) Max h
Base case; Barcelona

PM1o (ug m-3) Max h
Base case; Barcelona

NO, maxh reductions:
25-30 yg m3
8-16%

PM,, maxh reductions:
<8pugm3
2-5%

NO:2 (ug m-3) Max diff h
High - Base case; Barcelona
b

EXCELENCIA
7

Barcelona SEVERO

Supercomputing

Center

Centro Nacional de Supercomputacion

©

e)

7 9)

NO2 (ug m-3) Max h
Base case; Madrid

PMi1o (ug m-3) Max h
Base case; Madrid

NOz2 (ug m-3) Max diff h
High - Base case; Madrid

PM1o (ug m-3) Max diff h
High - Base case; Madrid

11 [
NO, maxh reductions:
30-35pug m3
8-16%

=

PM,, maxh reductions:
<6pugm3
2-4%

- [ 201 -40 [ ] 80,1-100 [ 140.1- 160 [ >200
s -0 [ 401-60 ] 100,1- 120 [ 160.1 - 180
I 10.1-20 [ ]e01-80[ ] 1201-140 [l 180.1- 200

B <75 [ s1-20[ |301-35 [0 451-50 [ > 100
I 751 - 10 [ 20,1 -25 35,1 -40 [ 50.1 - 70
B 01-15 251-30 40,1 -45 [l 70.1 - 100

. -2
I 24920 “124--10 ] 49--25 [l 5.1 - 10

B 149--125 ] 74-5 [26-5 [ >15
I 10915

]-99--75 |

|-24-25 [l 101-15

B0 B <o-4[ J9-4 [os-1+ M>s
B oo-75 [ 39-3 09--05 [l 1.1-25
a5 29-2 | 04-05 [l 26-5

(Soret et al., 2014) 39
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Future work. Urban air quality modelling
PhD Jaime Benavides and PhD Daniel Rodriguez
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Mesoscale vs urban scale

Where we are now Where we want to go




EXCELENCIA
EVE

Model chain. Two complementary PhDs @"’” Qe
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|l el
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Daniel R. PhD. Collaboration with: In-Lab a7 PESeN Jaime B PhD. Collaboration with: CSIC and UNC




National and International collaborations

Research centers

9, ‘ E“S roR ENVII Rom‘flvr

K
o
&

NCEP,

WA

o
&
NO\L°°

ﬁ Meteorological Institute

e UmverSIte
O UCIRVINE ” L‘I!]ellr chnologies Leibniz Institute for

Tropospheric Research

B
POLITECNICA

Local administrations and international organizations

/Q\ Ajuntament de
P

;7 Barcelona

N\ -
Gobierno Generalitat
deCanarias Y de Catalunva

L’ \‘Q) II|/

“? y -
MINISTRY OF ENVIRONMENT
WMO AND URBANISATION

Meteorological offices

A L_/VICT -

. . d Eordd §
universidade N\ —  ©NeS aﬁl et B
de aveiro : M ZUKUNFT

Vs
Barcelona i SEURRG
Supercomputing ]

Center

Centro Nacional de Supercomputacion

Instituto de Salud Carlos IlI

IF: FAIRMODE

‘ Forum for air quality modelling in Europe

7
SEIT1386 g
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@ | SECRETARIA DEL
«i | MEDIO AMBIENTE

Agencia Estatal de Meteorologia meteo Cat 4
DHMZ
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Industrial partners. Air quality

‘ RACC Arplus® & . .2
“4 . ECOLOGIA dotacdona’ m |nLQb'F|B

IDIADA N group
vodafone SEAT

METEO g rev'sima SG fundacion O/ WILKENS WEATHER
raas /7y psa P @ VZldomn Ntimts, | W mEGorosts

SIM

®

Industrial partners. Energy

%renewqbles Ean gquF Nﬂéfgl

Energy Forecasting Servi
E f
innogy

RED ¢ i
ELECTRICA - },,3.:'. AWS Truepower
Industrial partners. Agriculture

DE ESPANA IBERDROLA
IRTA “i=® \/ Loborniu

G CENER  ayiimps
& RWE

saetayield

P JRC [RECERCA | | [TECNOLOGIA | e V][KTAS ~e%a
EUROPEAN COMMISSION e DELVERQO SOGRAPE VINHOS %ﬁ SYMINGTON

() Gengratiat | A RAIMAT 44
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Health

Air
quality

Modelling Observations
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For further information please contact:
carlos.perez@bsc.es, maria.pay@bsc.es and C

albert.soret@bsc.es




