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Vision for Stockholm 2030
growth & sustainable development

150 000 more citizens
Denser city
Green belts

Sustainable housing and
workplace areas

Recycling of waste

New traffic systems / traffic
solutions

Fossil free 2050
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SubpPLAN

Various factors influence future urban air quality

= Locally: City population growth, design
of transportation and energy production
systems

Regionally: International efforts to
mitigate pollutant emissions (to curb
acidification, eutrophication etc.)

Worldwide: Background concentrations,
climate change
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Simulated annual average PM10 in ~6000
home addresses in greater Stockholm
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Impact of climate change on regional air
pollution over Europe

Global climate change

SuL exrt — temperature at 1.5m
From 1/ 9/1980 to 1/ 9/1950
Avg=0.539 Deg C

e *\ Regional climate change

(Kelvin)

»  Impact on air pollution

2 meter temperature change 2040-present, July
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Dynamical downscaling using RCA,
Rossby Centre, SMHI

MATCH, off-line CTM
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Assessing uncertainties in
quality in Europe

Global climate model A

Global climate model B

RCA3

Global climate model C
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Global climate model D

Global climate Regional climate
simulations

simulations
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Simulated near-surface ozone

SubpPLAN
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Nesting of air quality models to urban scale

Global climate
model

Meteorology

Regional climate

model

Global GHG
emissions

Meteorology

Regional tracer
model

Boundary

Meteorology

A

Regional tracer
emissions

concentrations

Urban tracer
model
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Urban tracer
emissions




Data flows for an air quality downscaling In

SubpPLAN

User input: Emissions NOx, NH,, VOC, SO,, CO and PM10

Output: Concentration levels of NOX/NO,, O;, SO, and PM10

= SMS [

FROM USER ]

.

.

user selections:
- downscaling area

A)unda and forcing

3h European scale
precalculated fields

=CS
Eclimate scenario/hindcast} [
(- time period)

user data:
- emissions
(upload of grids)

l

in Airviro)

Emission database
(yearly databases

SCENARIO
DATABASE

(3h met. forcing fields

} }

Model execution
(NSC super computer)

downscaled grids or time series
with selected time resolution (1h up to 10-year)

'
[ TO USER ]

i

Result fields (1h
up to 10-year)
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Air quality model evaluation

1) Run model with observed meteorology for a recent period. Use
emissions valid for that period. Compare hour-to-hour with
observations.

2) Run model with meteorology from a climate model simulating a
recent period. Use emissions valid for that period. Compare
averages with observations
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Hour-to-hour January 2010 SUDPLAN

| Measured NO , at urban background (Torkel Knutssonsgatan)
-  Modelled (downscaled) urban background (Torkel Knuts sonsgatan)
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Urban background concentrations of NO, in
the center of Stockholm. Climate data.

Torkel Knutssonsgatan

Annual average NO, (pg/m?3)
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SubpPLAN

Urban background concentrations of O, in the
center of Stockholm. Climate data.

Annual average O; (ug/m?3)
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Modelled NO, concentration over Stockholm
-Current and future situation

~2010 ~2030

MP, airviro, nr 0305: NO2_ca2010_echam_a1b3_rcp4 5_artib10, |

MP, airviro, nr 0306: NO2_ca2030_echam_a1b3_rcp4 5_artib10,

3-year average NO, concentration (ca. 2010 left, ca. 2030 right). The
panels depict a situation where the local emissions were kept at the
levels of 2010, but climate were changing according to the ECHAM5
A1B scenario and European tracer emissions following RCP4.5.
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SubpPLAN

Modelled O; concentration over Stockholm
-Current and future situation

~2010 ~2030
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3-year average O4 concentration (ca. 2010 left, ca. 2030 right). The

panels depict a situation where the local emissions were kept at the
levels of 2010, but climate were changing according to the ECHAMS5
A1B scenario and European tracer emissions following RCP4.5.
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Conclusions SUDPLAN

= The SUDPLAN system allow downscaling of air quality for whatever
European city. Required input from end-user are gridded emissions
(annual averages).

= |n SUDPLAN we "nest” urban models with European scale models
simulating future air quality, taking into account climate and emissions
changes.

= An ”ensamble” of simulations provides a measure of uncertainty for the
climate change and the development of European tracer emissions.

=  The performance of the Common Services air quality downscaling has
been evaluated for the European domain and the Stockholm area:
- NOx and O; works well
- PM10 is underestimated due to omission of some sources (work is
underway to remedy this)

= (Ozone concentrations in greater Stockholm will decrease due to
emission reductions in Europe, climate change will partly mitigate this.
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Thank you for your attention! SuDPLAN

FP7 1CT-2009-6.4
http://www.suplan.eu/
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Comparison of annual averages

e Measured (2009 and 2010)

e Modelled-Europe (2010)

Urban background

e Modelled-Stockholm (current climate, ~2010)
° Modelled-Stockholm (future climate, ~2030)

Rural background

NOX NO2 03 PM10
— 30 — g0 — 1
a0-

25 1
- 20_
70+
| 20f :
Bor B 15}
1 15} 1 50r
I e 114
dl ®
¢ b 2|l | 10
10+ i [ 4
g °
30+
5,
5, o
201
1 1 1 1 1 10 L 1 1 1 1
om cc fc om cc fc om cc fc om cc fc

NOX NO2 Q3 PM10
: . g —— ap — 16—
il | sof 1
7— &
121
gt ] 701 d Ty
) 10t
5, m
[ 60 'S ] ‘
- 4} 8
50I 1 T
SRR J
$8° ! T
' @ I Wl 40F
a 3 i 4
1,
30F L
ol | 2
1 1 1 1 1 20 1 1 1 1 Il 1
om cc fc om cc fc om cc fc om cc fc

18



SubpPLAN

Urban downscaling in Stockholm

= Use local emission inventories from city
= Use meteorology from regional climate models
= Use boundary conditions from European CTM simulations
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Figure 12.1. Schematic representa-
tion of a 3D grid used in global
atmospheric models.
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Common Services: environmental information provider SubpPLAN

e

Data and
mod_els Common Services
outside

SUDPLAN _
“~ Climate

Scenarios

SIS
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Example on major infrastructure scenario SuDPLAN

Urban Scenario Evaluation:
Comparison of two proposed traffic solutions bypassing Stockholm

® Connect north and U ¢ =
south

" Provide efficient v ‘.'QL.;,;..;:;"? =3
ways to pass the city LIS e

" |[ncrease possibility
for creating new
residential areas and
commercial centers
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Data flows for an air quality downscaling

SubpPLAN

User input: Emissions NOx, NH,, VOC, SO,, CO and PM10

Output: Concentration levels of NOX/NO,, O;, SO, and PM10

= SMS [ FROM USER ]
_ } |
=CS user selections: et

- downscaling area %S

- climate scenario/hindcast 3 )
E i pasiod) (upload of grids)
A)unda and forcing’
3h European scale

precalculated fields
(3h met. forcing fields

}

SCENARIO
DATABASE

i

in Airviro)

Emission database
(yearly databases

|

Model execution
(NSC super computer)

Result fields (1h
up to 10-year)

downscaled grids or time series
with selected time resolution (1h up to 10-year)

'
[ TO USER ]
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ozone-PM precursor

Socio-economic emissions

emission
scenario
input boundary
greenhouse meteorology Y conditions
gas > global CTM
emissions
! v
e [ regional CTM
RCM .
boundary P

conditions

meteorology
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