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Deaths attributable to outdoor air pollution, 2008
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Deaths attributable to urban outdoor air pollution in 2008, by region
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Health Impacts: “Pyramid of Effects”

+ At-risk groups include:
— People with lung disease such as

asthma or chronic obstructive
pulmonary disease (COPD)

— Children.
— Older adults.

-~ People who are more likely to be
exposed, such as people who are
active outdoors, including children
and outdoor workers

severity | €@ EpIsodic pollution

of Effects

Doctor visits,
school absences

Respiratory symptoms,
medication use, asthma attacks
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Lung function decrements, inflammation and
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Table I. Summary of initial, boundary and input data for the five different air pollution forecast

a¥slems
Input data MERI oW NILL SMHI FURB
10.20430 ¥ Met. initial! MNCEP EM FCMWE ECMWEF DWD-GM
_::“_‘,‘,‘,',:::. boundary data
Met. model ETA 39 km LM NORLAM HIRLAM 44 km DWD-EM
\ Emission data ~ EMEP + DK IER EMEP = GEIA EMEP PROGMNOS 94
Y-
v g (Bekovitz ef
” . g al., 19G06)
Fig 1. A schematic digram of the main modules and the data Sow in the DMLU-ATMI THOR air pollution forecast system (Jef? figure)
I'he moded domains of 1he ETA model (dots) and the Danish Eulerian operation model (shaded squarel The center of the domadns is ar . . -
NERI, Roskilde, Denmark (right figure) Chemical intial  Restan from Restan from Restart from Restan from Measurements
data previous model  previous model  previous model  previous model  for ozone
n an mm rin
Boundary Seasonal data  Scasonal data Seasonal data Seasonal data Sensonal data
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underling  an overview of the mendeling 5 ywbermnes, which are currenthy induded in the European open smess chemial weeather forecating portal (BOWFPL The chemi al weather forsasts (OWF s) have been categorised aocording to the

largest scale induded; in some @ses the services include glohal, European, regional and kol s@le ssrvices, or some ambination of thess. AQI = Air qual ity index. NA = not available. En = Radon.

European Chemial Weather Forecasting Partal

g Lervice provider Maodd Do main Forecest Companents Mo Lamg uage Home page
etem horizom amthropogenic
(days)
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Canix PREVA| Table 3(continued ) Y]
CETEM Country/Orgnization  Model System Meteomlogical Air Quality Microscale Scale MethM -AQM  References
CHIME Model (MetM) Maodel (AQM) Models Coupling
CHIMI [ Europe  France/INERIS CHIMERE MM 5, WEF, CHIMERE Mone Regional Offline Vautard et al.{2001a) and Roull et al (2009);
— BSCACH ECW MF{IFS WL prevair.ong
EMEP- France CEREA POLYPHEMLIS ECMWE, MM5, WEF  PolairiD None Regional Offline Mallet and Sportise, 2006, Mallet et al., 2007;
EURAI Debry et al, 2007; Sartelet ot 2, 2007;
[—— MACC| cerea.en pofrf polyphemus|
FARM Denm arkDMU-ATMI THOR The LIS NCEP, Eta DEOM BLUM O5PM DREAM Regional Offline Brandt et al. {3001) and Tilmes et al. { 2002);
HIRLA luft.drmu dk|Atmospheric Environment/
g Thar fintro_uk_html; thor dmwdk
% -_ Denmark/ Dl DACHIS HIRLAM MOON, CANx, MIUE Regional Offlinefonline  Chenevez and Jensen (2001), Baklanowv et al. (2011)
L A Ervimo- HIRLAM and references therein
MOCA FUMAPEX LIAQIFS® 1. UAQIFS-Morway 1. HIRLAM 1. AirQUIS (dispersion]  Some include population  Regional flocal  Offline Baklanow (3008) and Baklanow ef al (2007)
m 2 UAQIFS-Finland 2 HIRLAM 2 CAR-PMI (dispersion)  exposure models, some
v 3. UAGQIFS-5pain 3. RAMS 3. CAM (05 anly) include urhan dispersion |
PREV" 4. UAQIFS-Tealy1 4. RAMS 4. FARM statistical models
5 UAQIFS-lraly2 5 LAMI 5. NINFA-OPPIO/ADAM
& UAQIFS-Denmark 6. HIRLAM 6. DERM A-ARG OS5
PREVI Germany FRIUUK EURAD MM5 EURAD-IM Maone Regional Offline Elbern et al. (2010); www.euraduni-koselnde -
RCG {1,- Warsn  NonwayMET-NO EMEP-Un ifiad ECMWEIFS Unified EMEP-OWF Naone Regional Offline Valdebenito and Benedictow (2010]; www.emep_int y
afTe Sweden/SMHI MATCH ECMWTEIFS HIRLAM  MATCH Mone Regional Offline Robertson (2010); http | werw_amhisejen/ E
SILAM SMHI Research/Researchdepartments| Air-quality/ ﬁ
SEIRO i, Metherlands/TNG LOTOS-ELROS Archived analyses  LOTOS-EUROS Mone Regional Offline Schaap et al. (2008) and Manders et al. ( 2009); c
SMOG ' or ECMWF hittp: | e lotoseu ms. ol b
) Finland/FMl SILAM v 54 ECMWTE{IFS SILAM Mone Regional Offline Sofiev et al. (2006, Sofiev and Vim (2010) and B
THOR L HIRLAM WRF Kukkonen et al (2011); sllam. fnifi; E
UK Ml http://pandoma.meng.authgr/mds showlong php? =
'WR?—? id=168#d_1 & ]
q { LK /AEA WRFCMAQ WRF MAD Naone Regional offline Fraser et al. (2010); %
FAM LI wiwnwai rqual i ty.coouk uk_forecasting apfuk_home.php =
TAL {“ AEA LK [Met Office NAMEAI ECMWTF NAME-II Naone Regional [lecal  Offline wiwnw_ai rqual ity cooukuk_forecasting apfuk_home php g
Spain/TUM OPANA w0 MM5 [u LETH] MICROSYS Regional flocal  Offine 5an José et al. [ 2008, i
Region, T T 7
Zamics] | Spain/BSC-CNS CALIOPE WHF, MM5 CMAL, CHIMERE, Hone Regional Offline Baldazano e al (2008 ); E
DREAM www bacegcaliope ]
LMIDJIh  Greece|UA SRIRON TAPM SRIROM G st CANGE va.T1 None Temonal Oflne Fallos et al. | 2007, 2000, =
Mitsakou et al. (2008) and =
ARPAL Spymu et 2. (2010); forecastuoa gr Ik‘
. lalyCETEMPS FareChem MM5 CHIMERE Mone Regional Offline Curnci (2010);
LHTEE purnpkin_aguila_infn_it forechem
ChinallAP-CAS EMS-Beijing MM5 NAQPMS, CMAD, CAMx  None Regional Offline ‘Wang ef al (2009)
Japan|Kyushu CFORS RAMS Parameterized chemical MNone Regional Unified Online Uno et al. (2003), Carmichael et al. (2003) and
University tracers in RAMS Hadley et al. (2007)

Chile/Meten Chile POLYPHEMLIS MM5 PolairiD Mone Regional Offline Mallet et al (2007) and
Centro N Mallet and 5 portisse (3008, cerea.enpefrpolyp hemus|




Historical evolution of NWP and AQM - future

Historical evolution of NWP
| Historicalevoluionof NWP | _ (IS-ENES, 2011)
Aim: Ensemble of
GLOBAL 1 km runs

[
HISTORY OF NUMERICAL MODELING OF THE ATMOSI'HERE

‘ LES Models
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MEMO &° 2027
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— ..Q..u s — =i NMM u‘* G > Global Models
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— T T | Q Global Models
1950 1980 1270 1980 1800 2000 018
R AT e e i Impacts Ensc_amble of 10 km :
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| " m Ensemble of 100 km
— ekt 2012 P> Global Models

R — T —

Figure 3: evolution diagram with global regional models and resolution

Off-line coupling:
(ACDP, 2013)
HISTORY OF NUMERICALMODELLINGOF AIR QUALITY W“" o
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WMO Sand and Dust Storm Warning and Assessment System (SDS WAS)

in cooperation with World Meteorological Organization (WMO)

» To enhance the ability of participating countries to establish and improve \,L’
systems for forecasting and warning to suppress the impact of Sand and ‘9’ \‘Q)
Dust Storm .“ Y

N
by £

» Establishing a coordinated global network of Sand and Dust Storm World
forecasting centers delivering products useful to a wide range of users in "5, o> % =
understanding and reducing the impacts of SDS Weather » Climate » Water

North Africa, Middle East and Europe (http://sds-was.aemet.es/) Asia

BSC-CNS SO\ W - T % _
AEMET, Spain — China Meteorological

Administration (CMA)

WMO REGIONAL CENTRES
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CALIOPE Air Quality Forecasting System ( ) > Cv3F

Spain: 4 km (399x399 grid cells ), Europe: 12 km (480x400 grid cells )

Modules METEOROLOGICAL FORECAST EMISSION MODELLING
METEOROLOGICAL HERMES developed at BSC-CNS
= e - x MINISTERIO
] FORECAST o =X DE MEDIO AMBIENTE
- Meteorology: WRF-ARW Eﬁﬂ ¥ MEDIO RURAL'Y MARINO

v3.2.1, ibc: GFS (NCEP) GLOBAL SIMULATIONS

Initial and boundary conditions

ey

38 sigma levels; top of the o 1 Dhegarepton 13 S
atmosphere 50 hPa P | -

A Froperea e Grakin Nntnashis
AvT e, CONSEJERIA DE MEDIO AMBIENTE

- Emissions: v2

Gobierno de Canarias

High resolution (1km) Consejerta de Medio Amblente
. 2 . y Ordenacion Terrirorial

- Chemistry: v5.0,
CBIV, Cloud chem. (aqu.),
Aerosol module (AERO4), Gsurisay oo
bc: LMDz-INCA model,
15sigma levels

'QHI‘ Generalitat de Catalunya
I Departament de Medi Ambient
i Habitatge

i

I AIR QUALITY FORECAST|
CMAQ

- Mineral dust from Africa:
v2.0

- Post-processes by Kalman | G ] ArgUALTY ForecaST For spAdRf) (ORISR EIRORS
f'lt s IUgh TesoRrton (F o) h; Dust Regional Atmospheric Mode]
I er N ‘s - i b 3 REAM
- Evaluation: NRT-ground level Bt il
. - High resolution (12 km)
observations, satellite, =
ozone sounds S N
» f;' ‘¢ N ”

METEOROLOGICAL 5 2 . ! g
OBSERVATIONS GAS AND PARTICULATE MATTER

Barcelona Dynamics and model evaluation Su?vl:ill-lilr-ltg: ng?ﬂiﬁ:‘c@;&?;in OBSERVATIONS
Supercomputing Dynamics and model evaiuation
Center

Centro Nacional de Supercomputacion

Quasi-real time air quality data from stations




Workflow

—— o s . e
......... Data . i(Global — 0.5°x 0.5%); Jpata
(EU - 12km x 12km) (IP - 4km x 4km)
HERMES- 5 e :
EM EP B T, solar radiation WRF-ARW T neStmg ______ H WRF-A RW T, radiacion solar H E RM ES
precipitation Precipitacion
Emissions Meteorology Meteorology Emissions
Global i
i Chemistry i > CMAQ > nesting
NGAR MOSART. e .estng :
¥ . pesst | BSC-DREAMS8b V2 Desert g
i AirQuality - EU oo EU+North Africa+Middle East 5 Air Quality — IP
H ust
: 50km x 50km
i Observational | i Observational
Data Y s| POST-PROCESS |¢ \ ; Data i
., EU ' :v IP '
I 3
i Lo Visualization P ;
| Forecast Evaluation | | (maps, plots, Vo Air Quality Levels !
| J H tables, kmz...) o J
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Hardware Topology (I)

— Data Download MOZART NCAR GFS AEMET
<
—— Data Generated g 0 0 s s
s 2
------------- > Web Llnk ku?,l %
N k] S 0
o | wvy
s 85 3 =
EIONET TS S5 8 %
£ g s <
— : 3 3
Data via forecast_start.sh Q §- g
ArcGlIS server |
BSCCT08.BSC.ES Fi Forecastlog.sc 2 3
icheros DRS < E s
A9 MARE 3
; — “
Forecast Evaluation NOSTRUM BSCESWKO002
—_— > —
download- copy_images sat_figures
tar.sh
metar.s A copy_archive y § O M I S AT
METAR CV2-DWNLD-METEO.SH
: downdata
Data Dump Andalucia \ put_netcdf_andalucia L4
Kalman Filter P .
o Andorra < maximum_andFile.php
riging
Cantabria J BSCCTO1
SIROCO > (Webserver) R
Baleares FTp downgencat Drupal - CMS
. downdata
Com. Madrid Y,
A
Generalitat N :
)
Extremadura s ! Data
: : shown at
" 0 : website
: A. Madrid
G aioma T S s s e
Supercomputing
...canter 10
Centro Nacional de Supercomputacion




Hardware Topology (ll)

(€ 5 machines involved

({ Recelving data from the outside is performed in a different
network for safety reasons

({ Constant file transfers are critical for the system

( MySQL databases used as data federation center for further
analysis and visualization

11



BSC: MareNostrum supercomputer MNv3, December 2012

Nov2004 MNv1 - Nov2006 MNv2

» Peak Performance of 1,1 Petaflops 100.8 TB of main memory

» Homogeneous Nodes
» 3,056 compute nodes
» 2x Intel SandyBridge-EP E5-2670/1600 20M 8-core at 2.6 GHz
» 8x4GB DDR3-1600 DIMMS (2GB/core)

» Heterogeneous Nodes
» 42 heterogeneous compute nodes
> 2x Intel SandyBridge-EP E5-2670/1600 20M 8-core at 2.6 GH
> 2x Xeon Phi 5110 P
> 8x8GB DDR3-1600 DIMMS (4GB/core)

2 PB of disk storage Interconnection networks:
Infiniband FDR10

Gigabit Ethernet

Operating System: Linux - SuSe Distribution

Y V V V

Barcelona

Supercomputing
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Expected time model output generation

DOMAIN RES(()kLr;J)TION GRID POINTS Ii/INE[')I'IEN(c); GEENN[QSET’?(C)DN
GENERATION
Europe 12 481 x 401 x 38 18h00 20h30
:feer:'iigula 4 400 x 400 x 38 18h30 00h30
Canary Islands 2 305 x 205 x 38 18h45 23h30
Andalucia 1 669 x 361 x 38 20h45 05h30
Catalufia 1 299 x 279 x 38 20h00 05h00
Madrid 1 149 x 161 x 38 18h50 07h45

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion
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Timeline

Winter time
17h30 18h30 19h30 20h30 21h30 22h30 23h30 00h30 01h30 02h30 03h30 04h30 05h30 06h30

ELITNER t GG P
............ s
rrrrrrrrrrrr ot
........... or

..........

( Abproximate duration: 13h10m
(€ 44 major processes, corresponding to 6 domains calculation

(€ Nested Domains (EU - IP, IP & > CAN AND, CAT, MAD), need to
manage dependencies and waits via CSH script

(€ Maximum consumption of 512 CPU's simultaneously, with a
maximum of 256 per process

Barcelona

Supercomputing

Center 14
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www.bsc.es/caliope

w1 Ol | @ O | . AT

B .

= BT

| Barcelona - 1km | Sisterna CALIOPE GCALIOPE System | System air quality f... l +
6 e bsces/ca e sagese — - J00gie

Slstema CALIOPE

==
- =

NAVIGATION . )
System air quality forecast

Welcome to the forecast system of air quality operational Spain (CALIOPE) Department of Earth Sciences at the Barcelona Superce

Mame

uting C
funded by the Mwmustry of Agriculture, Food and Enwronment (441/2006/3-12.1, and 157/PC08/3-12.0 A357/2007/

,,,,,

Supercomputing Center (8 A
system provides operationally CALIOPE forecasting sur qualty for Europe and Spamnm :n high spatal resoclution through the HERMES model set,

BSC-DREAMEb CMAQ and executed in MareNostrum.

Air Quality Forecast - Forecast Evaluation - Air Quality Levels

e

L
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Model Outputs Volume

SYSTEM TOTAL

93.25 34

. 5 8901 2 ] OBS_AQ MAX_VALUES
30.917 11 # Registers 466,238,998 3,119,142
32.861 12

37.715 14

11.611 4 :

98.61 36 Fasliee] 90 GB 832 MB
68.4 25 Space

30.597 12

482.662 177

({ The system generate about 483 Gb of data/day

({ Unable to store all this data: must have a restrictive policy
storage and deletion

({ The data is stored in a database to facilitate further handling
(€ The whole system generates more than 30,000 images/day

/'\

Barcelona

Supercomputing
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AQ Observations Data Volume

(€ Model results are evaluated at Near Real Time (NRT) with Air
Quality observations from several AQ networks.

(€ Pollutants: O;, NO,, NO, SO,, PM,,, PM,:, TOLUENE, BENZENE,
XYLENE.

(€ 10 main AQ data providers: from EIONET (EEA) to regional
government networks.

EIONET (EEA)

# Stations Ayuntamiento Madrid 1 1

EU 569 _ _
Comunidad Madrid 1 1
IP 402
Junta Andalucia 24 1
CAN 44
Govern d’Andorra 24 1
AND - Govern de les llles 1 20
CAT 81 Balears
MAD 47 Generalitat de 24 1101
Catalunya
Gobierno Extremadura 24 337

Barcelona
Supercomputing o_a

@ Conter ) Xunta de Galicia 24 685
entro Nacional de upercomputacton



Forecast Evaluation

e Home
This section assesses the results of the forecast, hourly observations regarding measures across the different networks available, both air quality and
o .
meteorology. Addi S0ain by community shows the maximum values of the main pollutants for each of these stations.
»
> META’ FCST P! Eval s
» Air Qualty Forecast Verific' jor -
Aar ( v Index a 3 3
o Air Quality Index Lnkto! p Archive Ficha de Evah cién  Informacén
» Air Quabty
o Forecast Evalusbion
Actugimente se reoden 0ai0s de has siguientes instituciones:
» Satelite pictures
o Links ® Fuwopean Environement Ageocy
e Publicabons ® Generalitat de Catabonys
» About ® Qobsemno de Cantabria
® Junta de Andalucia -
® Gobwmo de Canarias
® Comunidad de Madrid
® Ayuntamients de Madnid
® Govern dAndorra
3 ® Govern de les llles Balears
Portugal
\J ® Nunta de Gakicia
® Gobeerno de La Rioja
® Gobeerno [ xtremaducas
® Junta de Casthila y Leon
Los dalos de calidad Sl aire ulilizados en wila pagine son
preliminaras ya que no han side valicados y podnian
camdior tras su revisidn (véanse fos antercres sitios web
pern cotener mas informacion)
Los iconos verdes representan 1 exisiencis de datos de =
Barcelona
Supercomputing
Center

Centro Nacional de Supercomputacion



>

w omunidad de Madrid | - Mozilla Firefox

Archivo Editar  Ver

6 c

Historial

Marcadores Herramientas  Ayuda

Q | @ hitp:/fwww.bsc.es/caliope/Iq=node/89

2 Mas visitados | | Comenzar a usar Firefox 20 Ultimas noticias

| @ Comunidad de Madrid |

-+

Navegacion
o Inidio Comunidad de Madrid
o Descripcién
o Implementacidn
X fj“ St'f',cat.c"j” Valores del Pronastico, Lista de Estaciones de Comunidad de Madrid , 24h: 28/06/2011, 48h: 29/06/2011
ronostco
Emisiones
» Prondstico 2011 ~/ 0B v/ 28 ~ HISTORICO
Meteoroldgico
» Prondéstico Calidad Datos de Observacion Max(ug/m3)
del Aire
P . Maxh PMI10
Indice de calidad del Maxh O3 S02 T - Sh 03
° . . s - NO2 - Max h Maxh Diario PM23
Aire Estacién (Tipo, Emision) 03 |NO2 | S02 |PMI10 | PM2S | (VL 180 (VL 330 N " _ (VL 120
. s § (VL 200 . PMI10 PM23 (VL 30 Diario .
¥ Evaluacién del ug/m3) - ugm3) - ug/m3)
Prondstico ugm3) vgms) -
¥ Pronéstico por hcadoerenmes (U T v | v | v v 138 37 3 g1 24 38 3 125
CCAA: v Andorra 48 85 46 ; 63 24 # 17 79
o Andaludia 24 143 85 5 51 24 52 14 131
o Aragon [LCOBENDAS Ullfsg| ¥ | ¥ |7 | ¥ 113 28 3 67 26 45 18 85
P 21 126 71 3 31 34 64 23 118
o ;s‘lcunas F.LCDRCDN U |F p v v v v o 5 5 P e 50 o p
-] dleares =
i 21 164 32 3 93 T 63 26 145
e Canarias )’”‘GHE SUIF |gg| 7 v \4 v 129 10 3 66 25 43 17 96
o Cantabria 24 100 30 4 8% 23 68 16 ES
o CastillaylLa |ARAN.IUEZ U |F || 7 v v 70 3 7 68 24 30 15 67
Mancha 24 120 23 7 °0 22 64 13 115
o Castillay [{RGANDA DEL REY Ul 7| 7 Y 79 44 g 65 24 44 17 73
Ledn 24 104 86 7 67 8 33 16 )
o Catalufia [RTURO SORIA Ul Tlas| ¥ | ¥ ) &3 8 67 27 48 20 69
s Comunidad 24 a0 130 3 63 13 3G 16 74
de Madrid VDA RAMON Y CRIAL U | T 4q v 20 66 8 67 28 45 20 72
e Comunidad 24 129 107 5 63 26 36 15 114
Valenciana FARAIAS PUEBLO YT v 50 55 7 66 23 16 19 76
o Extremadura 4 114 138 3 61 24 38 16 103
- FARRIO DEL PILAR U T|as v 104 58 6 66 25 47 19 76
o Galicia ° - -
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Moving from 2km resolution to 1km
(€ Andalucia Domain

— WRF-ANDZ2Kkm

« 335 x 181 x 38 [230430] (256 cpu's, timestep = 12, runtime 17m)

e output size: 7,9 Gb Runtime Increase = X4.9
— WRF-AN lem Output Increase = X4.3

e 669 x 361 x 38 [9177342] (256 cpu's, timestep = 06, runtime 84m)
« output size: 34 Gb
({ Issues regarding size outputs and time in a domain
like this

— Size of 48 hours outputs of forecast of AND1km domain >
110 Gb

— Writing a shell logic to avoid writing all the species
» First compute 24 hours then restart to compute following 24 hours.
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Visualization (I)

(€ Wide range of products available to the user.

(€ Displays need to be user friendly.

(€ Hight data quality and presentation.

(€ The products need to be well structured and organized.
(€ Archive is large and well organized

(€ Areas for improvement:
— Generating visual products is not sufficiently facing the user's demand.
— The large amount of products generated - storage restrictive policies.

— The large number of pictures generated consume a lot of computing
resources and requires monitoring of processes to check that everything is
correctly created.

— Alarge number of tools used. System complexity and difficulty of installing
all the necessary software.

— The 3D view is not sufficiently exploited.
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Visualization (I1): Tools used

| Process | Tool Web Site

The Grid Analysis and Display

System (GrADS) www.iges.org/grads/

MapGenerator
AQ/EMIS Matplotlib www.matplotlib.org/
MAPS 2D PyGIADS opengrads.org/wiki/index.php?title=
PyGrADS _Interactive_Shell
ImageMagick www.imagemagick.org

The Grid Analysis and Display

METEO System (GrADS)
ImageMagick www.imagemagick.org
The Grid Analysis and Display

Iméagenes System (GrADS)

www.iges.org/grads/

www.iges.org/grads/

ImageMagick www.imagemagick.org
KML Script en Bash Shell
: GNUPLOT www.gnuplot.info/
SIS ImageMagick www.imagemagick.org
TEMPORAL SERIES / - g o -Droieet oyl
SUULSIIES Estadisticos  Librerias Cairo cairographics.org/
ImageMagick www.imagemagick.org
CMS Drupal drupal.org/
Maps Google Maps API v2 developers.google.com/maps/docu

mentation/business/guide
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Visualization (1)

({ Examples

BSC-ES/AQF ARWv3.2+CMAQVS5.0+HERMESV2 Nitrogen Dioxide (ug/m?)
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Table 1: Statistics of the air quality forecast system in the frame of the CALIOPE
project. Log from 20090101 to 20130909.

Percentage of domains completely simulated
Total logs % NaN/NCAGT 2008 2009 2010 2011 2012 2013 Since Jan 1%*, 09

1586 35.4% 69.1% 75.5% 91.4% 95.0% 98.0% 93.6% 88.1%

Notes: NaN - Not a Number; NCAGT - netCDF subroutine retrieving numeric attribute (both
machine-related causes of crash)

Table 2: Percentage of days successfully per domain simulated. WREF, CMAQ
and HERMES models.

WRF-ARW
EU [P CAN BCN-CAT AND
99.4% 99.7% 99.9% dumfrwbcn% 99.9%

CMAQ-CCTM
EU [P CAN BCN-CAT AND

92.3% 88.5% 81.8% dumbcen% 89.4%

HERMES 2004 & V2.2
EU IP CAN BCN-CAT AND

00.6% 994% 100.%  dumherben%  100.%

Notes: WRF-ARW: Advanced Weather Research and Forecasting model - version 3.0.1.1. CMAQ:
Community Multiscale Air Quality modelling system - version 4.5. HERMES: High-Elective
Resolution Modelling Emission System. CCTM: CMAQ Chemical Transport Model output.
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BSC-ES/AQF
Nitrogen dioxide

48h Forecast 10/10/2011




Air Quality Forecasting Systems (AQFS)

Atmospheric
Science | chemistry

*NWP: Meteorological forecast
*El: Atmospheric Pollutant Emissions
*CTM: Dispersion/Reaction

Supercomputation

-Data management/Data base
Telecommunications
*Visualization

Decision making
eveapv | CEENViIronmental management
«Cases studies

Scenarios cases

*Tendencies assessment

Technology
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Thank you for your attention
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http://www.bsc.es/caliope
http://www.bsc.es/projects/earthscience
/IBSC-DREAM/
http://www.bsc.es/projects/earthscience
/nmmbsc-dust-forecast
http://www.nrimry.navy.mil/aerosol/icap.
1087.php

http://sds-was.aemet.es/

jose.baldasano@bsc.es

Barcelona

Supercomputing

Center 29
Centro Nacional de Supercomputacion



