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Objective: to introduce air quality and climate modelling systems to explore their
potential applications at urban scales.

Outline:

* Introduction to:
« BSC activities

« Air quality
« Urban areas
« Air quality in Europe
« Case studies

 Future work
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Barcelona Supercomputing Center

Created in 2005; 350 employees

Research, develop and manage information
technology

Facilitate scientific progress and its
application in society

Earth Science Department

Atmospheric composition modelling
Climate prediction modelling
Computational Earth Sciences

Earth Sciences Services
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Earth sciences modelling: e ¢
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climate and air guality modellinc

Horizontal Grid
(Latitude-Longitude)

Vertical Grid
(Height or Pressure)

s

Physical Processes in a Model

solar  terrestrial
radiation radiation
S 4

ATMOSPHERE

BSC-ES/AQF WRFv3.5.1+CMAQv5.0.2+HERMESv2 Nitrogen Dioxide (ug/m?)
00h forecast for 00UTC 01 Nov 2015 - Europe Res: 12x12km
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Spatial scales B g, S8
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Multi-scale models from
global to local scales




Temporal scales @ = Qu
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Mineral Dust
Air quality
Meteorology

Climate predictions Climate predictions

Climate projections Climate projections

DIAGNOSTIC FORECAST PREDICTION PROJECTION
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Air quality and climate modelling systems @m

In urban areas. Framework at BSC

Air quality diagnostic studies:
the case of Santa Cruz de Tenerife

Air quality forecast system: CALIOPE

Air quality
modelling < f
systems Road transport:
Air quality e.g. the use of cleaner fu_el_s and
technologies. Fleet electrification.
management
measures <

Industrial emissions

\Port emissions, etc.
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Air pollution in urban areas @~ s
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OMI tropospheric NO, vertical
column densities, 2005 average
(1015 molecules/cm2) (Wenig et
al., 2008).
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Air pollution and urban areas: causes (@ &= Qu
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Placa Espanya, Barcelona (1908) Placa Espanya, Barcelona (2014)
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Air pollution in Europe
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Methodology:

air quality modelling system

Air quality modelling system:
« Meteorological model (e.g. WRF-ARW)
. Issi -t ES)

ir quality model (e.g CMA

* Others: mnerat du Table 2. R. ::t'la-eclld d to CBOS for i ic sulft ies and thei ti cuct
able 2. eactions aaded to Oor morganic suliur species an 111 reaction produicts.
NMMB/BSC_DUSt) (Source: Mueller et al., 2011)
etc. Reactants Products Rate Constant Reference
(cm? molecule ! s71)

. PR H,S + OH SH+H,0  6.0x10™12exp(—80/T) Atkinson et al. (2004)
Conf_lguratlon. H,S + NO; SH+HNO; 1.0x10715 Atkinson et al. (2004)
« High spatial (1x1 k H,S +Cl SH+HCl  3.7x10~Lexp(208/7) Atkinson et al. (2004)

SH+ O SO+H 1.6x10~10 NASA (1997)
SH+ O, SO+ OH 4.0 x10~1° NASA (1997)
. SH + O3 HSO+ 0,  9.5x10 2exp(—280/T) Atkinson et al. (2004)
HERMES: EOttom' up e SH + NO, HSO+NO  2.9x10~Mexp(240/T) Atkinson et al. (2004)
% o e = SH+NO+M HSNO+M  kp=24x1031(7/30003[M] Atkinson et al. (2004)
; koo=2.7x10~11*
Baldasano et al., 2008; Guevara et al, SH + Cl, CISH + Cl 1.7x10 L exp(690/T) NASA (1997)
HSO+NO,  HSO,+NO 9.6x10~12 NASA (1997)
HSO + 0, HSO, +0O  2.0x10717 Atkinson et al. (2004)
HSO + O3 HSO,+ 0, 1.1x10713 Atkinson et al. (2004)
SO+ OH SO, +H 8.6x10~ 11 NASA (1997)
SO+ O, SO, + 0O 1.6x10 Bexp(—2280/T) Atkinson et al. (2004)
SO+ O3 SO, + 0y 4.5%x10 M2exp(—1170/T) Atkinson et al. (2004)
SO + NO, SO, +NO  1.4x10711 Atkinson et al. (2004)
SO+ ClO SO, + Cl 2.8x10~ 1 NASA (1997)
HSO, + O, HO, + SO,  3.0x10713 NASA (1997)
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Air quality and climate modelling systems @m

In urban areas. Framework at BSC

Air quality diagnostic studies:
the case of Santa Cruz de Tenerife

Air quality forecast system: CALIOPE

Air quality
modelling < f
systems Road transport:
Air quality e.g. the use of cleaner fu_el_s and
technologies. Fleet electrification.
management
measures <

Industrial emissions

\Port emissions, etc.
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Santa Cruz de Tenerife, @ - -

atmospheric dynamics

Singular characteristics of Santa Cruz de Tenerife:

* The interaction between the complex topography of the island of Tenerife (3718m)
and trade winds.

» Breezes cycles due to the coastal location.
« Thermal inversion at relatively low altitudes that hinders convective motions.

Annual mean concentratlon of SO7 |n 2011 Dust storm over Canary Islands
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Hourly SO, concentration (ug/m3) April 6, 2011
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Results. Air quality levels. The impact @m ® s~
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Air quality results. Primary area of ooons | P
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Influence of the refiner

Maximum hourly increases of SO, due to the emission from the Tenerife

refinery against distance to the refinery
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Air quality and climate modelling systems @m

In urban areas. Framework at BSC

Air quality diagnostic studies:
the case of Santa Cruz de Tenerife

Air quality forecast system: CALIOPE

Air quality
modelling < f
systems Road transport:
Air quality e.g. the use of cleaner fu_el_s and
technologies. Fleet electrification.
management
measures <

Industrial emissions

\Port emissions, etc.
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CALIOPE air quality operational forecasts@z::':;:w«m

Provides air quality related information for the coming days and for the application of
short term action plans for air quality managers.

BSC-ES/AQF WRFv3.5.1+CMAQv5.0.2+HERMESv2 Nitrogen Dioxide (pg/m3)
00h forecast for 00UTC 01 Nov 2015 - |Iberian Peninsula Res: 4x4km
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106 Information is delivered using both
BSC-ES/AQF WRFv3.5.1+CMAQv5.0.2+HERMESv2 Nitrogen Dioxide (pg/m?) : P .
00h forecast for 00UTC 01 Nov 2015 - Catalonia Domain Res: 1x1km a0 online or custom applications:
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@= _ o 20mis
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http://www.bsc.es/caliope
https://play.google.com/store/apps/details?id=es.bsc.earthscience.caliope
https://itunes.apple.com/za/app/caliope/id734538360?mt=8
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Air quality and climate modelling systems @m

In urban areas. Framework at BSC

Air quality diagnostic studies:
the case of Santa Cruz de Tenerife

Air quality forecast system: CALIOPE

Air quality
modelling < f
systems Road transport:
Air quality e.g. the use of cleaner fu_el_s and
technologies. Fleet electrification.
management
measures <

Industrial emissions

\Port emissions, etc.
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Fleet electrification: Replacement of internal combustion vehicles by electric vehicles

Fuel red. Autonomy

Micro-hybrid

9-10%

Mild-hybrid

Full-Hybrid (HEV)

10-20%

20-30%

PHEV

Range Extender

35-85%  20-80 km

65-100% 50-120 km

BEV

Fuel cell vehicle
(FCEV)

100%  80-300 km

H2  400-600 km [

Hybrid electric vehicles (HEV)

e.g. Van Hool Exquicity

Plug-in electric vehicle

e.g. BMW i3




9 EXCELENCIA
SEVERO
Barcelona A

Fleet electrification. Air quality impacts (@) &5~
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NO:2 (ug m-3) Max h PM1o (ug m-3) Max h NOz2 (ug m-3) Max diff h PM1o (ug m-3) Max diff h
Base case; Barcelona Base case; Barcelona High - Base case; Barcelona High - Base case; Madrid

NO, maxh rgductions: 4
25 - 30 pg m3

PM,, maxh reductions:

c <8 pug ms
N 2-5%

7 : : f e) e 9)
NO2 (ug m-3) Max h PM1o (ug m-3) Max h NOz2 (ug m-3) Max diff h PM+1o (ug m-3) Max diff h
Base case; Madrid Base case; Madrid High - Base case; Madrid High - Base case; Madrid

PM,, maxh reductions:
<6 pug m?
2-4%

;- [ 20.1 - 40 80,1-100 ] 140,1- 160 [l >200 Bl -<7s [ 51-20[ ]301-35]451-50 [ > 100 Bl -2 [ ree--125 74-5 [26-5 > -0 -4 |19-1 os-1 -5
Bl -0 -6 100,1- 120 [ 160.1 - 180 7510 [ 201-25 [ |351-40 50,1-70 I 249--20 -12.4--10 -49--25 [l 5.1-10 Bl os-75 39-3[_|-09--05 [N 1.1-25
B 10.1-20 60,1-80 1201 - 140 [ 180.1 - 200 I 101 -15 | 251-30] 40,1 -45 [l 70.1 - 100 I -109-15 99--75 24-25 [l 101-15 | REECE 29-2[ ]-04-05 [l 26-5

(Soret et al., 2014) 22
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Future work



Further understanding of urban
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Further understanding of local scales processes to allow the
assessment of sustainable management of urban areas within the
SmartCities context by using two key-elements:

* microscale atmospheric models
 observations from smart infrastructures

900 1100

X (m)
N L (ppb
0 20 40 60 80 >100

From global to regional scales Next step: microscale

1000 1200
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Air quality assessment at urban scales. @m
Strategy: interdisciplinar approach

Proof of concept: modelling tool to monitor and
forecast air urban quality (Smart Cities applications)

—_— /\ —_—

Meteorological Emission Air quality Smart
core module module Infrastructures

B8 ) T L0
PN

CASE dep. + Earth Sciences dep. + Computer dep.



National and International collaborations @’“ Pt
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Research centers
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National and International collaborations @’“ Pt
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Industrial partners. Air quality

B Ag
d’Ecologia Urbana
ECOLOG A de Barcelona
N

Industrial partners. Energy

25— | U "ser] ALSTOM

‘i85 AWS Truepower




WWW.bsc.es

Source: NASA

Satellite view of Earth at night. 1-4% of land surface is urban.
More than 50% of world’s population lives in urban areas.

Thank you!

For further information please contact
albert.soret@bsc.es
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Mobility management @rc O s

Traffic growth in Europe
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Emission trends

Gg-year-1

Gg-year-1

Emission trends in Europe (EU-28)
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A significant proportion of urban
population is exposed to air quality
concentrations exceeding EU air
quality standards

% of urban population exposed to air pollution
exceeding EU air quality standards
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40

20:/\/”\\//

0 T T T T T T T T 1
2002 2003 2004 2005 2008 2007 2008 2009 2010 2011

NO, — pM 0, — S0,
Source: EEA, 2013

31



Air qualit

NO2 (ugfm3)

NO2 (ug/m3)

Canary Is. Azores Is

Madeira s :

0 00 1500 ken
Y 5

20
80
70
60
50
40
30
20
10

90
80
70
60
50
40
30
20
10

In Europe

Annual mean nitrogen
dioxide 2011, based on
daily averages with
percentage of valid
measurements = 75 %
in pg/m’®

<20
20-30
30-40

e 40-50

e >50

No data

Countries/regions
not included in
the data exchange
process

Barcelona NO, trends; yearly average concentration

P
/X

M
*ﬁ%i“b»/ %

2004 2005 2006 2007 2008 2009 2010 2011 2012

-t Tt a ¥ 11

Annual limit value

—@— Badalona

=== Bcn (Eixample)

i B (Gracia-St.
Gervasi)

=== Bcn (Poblenou)

Ben (Sants)

L'Hospitalet LL

Madrld NO, trends; yearly average concentratlon

2004 2005 2006 2007 2008 2009 2010 2011 2012

Annual limit value
e—fil—Plaza Espaiia
—ar— Escuelas Aguirre
= Ramon y Cajal
=== Artorio Soria
=8 Farolillo

Plaza del Carmen

e Moratala
Barrio del Pilar
Vallecas

Plaza F. Ladreda

O;

E‘(LE LENCIA

Barcelona
Supercomputing

OLHD A

Center
Centro Nacional de Supercomputacion

Canary 1s. o Azores 1s.

-@ 5 500 e 1000

Soa |

70

60

50

40

30

PM10 (ug/m3)

70

60

NO2 (ug/m3)
BN W s
o o (=] o

o

3 y Annual mean particulate

+ matter (PM,,) 2011, based
on daily average with
percentage of valid
measurements 2 75 %

¢ X , \ in pg/m*

20
20-31
31-40
. 40-50
e >50

No data

Countries/regions
not included in
the data exchange
process

Barcelona PM,q trends; yearly average concentration

2004 2005 2006 2007 2008 2009 2010 2011 2012

Annual limit value

== Bcn (Eixample)
i Ben (Gracia-St.
Gervasi)

Bcn (Poblenou)

Bcn (Sants)

Madrid PM, 4 trends; yearly average concentration

2004 2005 2006 2007 2008 2009 2010 2011 2012

Annual limit value
=—m— Escuelas Aguirre
e Farolillo

e MoTatala

Cuatro caminos

Vallecas

Menéndez Alvaro
Plaza Castilla

Urb. Embajada

Year 2011
' EEA, 2013

32



Emission factors. Diesel and gasoline @
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The Mayor of Paris has announced radical plans to ban diesel cars from the French
capital by 2020 due to concerns about how much pollution the cars cause (France has
the highest number of diesel cars in Europe). And the Mayor of London is also

considering similar solutions.

She also said that the city would have more semi-pedestrianised areas with special

zones introduced at weekends.
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Improvements for the road transport @ ®
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Air quality and climate change. Emissions (@ &5~ *""
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Global impact:
Climate Change

Measures to
reduce emissions

HG: CO,eq

Atmospheric
pollutants: NO,, etc.

Local-regional
impact: air quality

35




Air quality and climate change.
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Measures to reduce emissions

Air quality (AQ) and climate change (CC) synergies and trade-offs

Negative
for CC

Beneficial for AQ

Fuel gas desulphurisation
Three-way catalyst (petrol)
Particulate filters (diesel)

Beneficial for

AQ and CC

| /

Energy renewables
Nuclear
Demand management
Hybrids...

»

Energy demand for coal and oil
fossil fuels in stationary and
mobile sources

Negative for

AQ and CC

»

Beneficial
for CC

Some conventional biofuels
Biomass
Combined heat and power
Buying carbon credits

Negative for AQ

(Source: adapted form Drefra, 2010)
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