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1. Management summary

The Stockholm pilot will demonstrate the SUDPLANeS8ario Management System and its

Common Services capability of air quality downsogland how it can be coupled to existing

high resolution local models. SULVF, the partnespansible for the Stockholm pilot, provides

emission input and monitoring data for model eviaduna The generated model results should be
presented in advanced 3D/4D visualization appbeatideveloped by the SUDPLAN project and

that may require input of complementary local datg. 3D maps).

This report aims at presenting the status of tha pctivities in Stockholm.

Stockholm pilot activities and use-cases have lok#imed in the D5.1.1 Pilot Definition Plan
V1. The status of activities scheduled for the eh®8010 is as follows:

* Presenting climate scenario information on the peam scale: This has not been
possible as the respective user interface will telyavailable in April 2011.

» Air quality downscaling for historical period and @dimate scenario: Relevant
emission data for present conditions (2010) haen bdentified, revised and quality
assured. Downscaling for historical periods havenbgerformed and also validated
against measurement data with satisfactory restilie. downscaling of a climate
scenario has not been achieved yet, awaiting Earopeale boundary conditions to
be completed in January 2011.

» 3D map as underlay for advanced visualizations efiehresults: a 3D map has been
achieved for a test area in central Stockholm. Stoo& model test data have been
generated to support the design of the visualinatio

The Stockholm pilot has furthermore participatedha iterative mockup process for two user
interfaces of the Scenario Management System, dintkethe Common Services air quality
downscaling:

* Visualize air quality results
» Execute air quality downscaling

The pilot has also initiated a compilation of pldies large infrastructure projects that will
influence future emissions around Stockholm. Thpsgects will form the basis for the
development of emission databases for future yéais prepared later in 2011 and 2012.
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2. Pilot objectives and activities

The Stockholm pilot will demonstrate the SUDPLANeSario Management System (SMS) and
its Common Services (CS) capability of air quatiywnscaling and how it can be coupled to
existing high resolution local models. SULVF praasdemission input and monitoring data for
model evaluation. Generated model results should advanced 3D/4D visualization
applications that may require complementary loedhd

Stockholm pilot activities have been defined inti®ec2.6 of the D5.1.1 Pilot Definition Plan
V1 for Stockholm. The activities have been sepdrateder three main areas, reflecting the
overall role of the Stockholm pilot. The followirtgbles 1la-c summarizes Section 2.6 in the
D5.1.1 document, commenting on activities perforrdedng 2010.

Table 1a Area 2.6.1 Using Common Services (see D5.1.1 document).

activity Title scheduleo comment
2.6.1.1 | Presenting climate scenario M12 SMISand respective user interface
information on the European scale. not available until m16, not

possible before. Not initiated.

2.6.1.2 | Intense rainfall downscaling: Just M24 Not initiated.
demonstrating that this is possibl
SULVF will hand over results to
external stakeholder.

o

2.6.1.3a| Air quality: urban downscaling for M12 Emission data for current

historical period and a climate conditions prepared. Two month-
scenario, both using constant long historical periods simulated
emissions. and evaluated. Climate scenario

simulations not performed yet.

2.6.1.3b| Air quality: urban downscaling for M30 Compilation of long term project

various climate scenarios and with plans that may constitute the
time-varying emissions. basis for future emission
databases.
Table 1b Area 2.6.2 Use of local models (see D5.1.1 document)
activity title scheduleo comment
2.6.2.1 | Design of advanced visualizations M12 3D map made available for
including 3D city map. SUDPLAN, testing on formats
and use as underlay for
visualizations..
2.6.2.2 | High resolution grid model M24 Test output generated by local 2D
simulation. model (not grid model).
2.6.2.3 | Street canyon model simulations. M24 Test area output generated.
Table 1c Area 2.6.3 Scenario evaluation and visualizations for urban planning (see D5.1.1 document).
activity title scheduleo Comment
2.6.3.1 | Creation of different urban M24 Compilation of long term project
planning scenarios. plans that may constitute the
basis for future emission
databases.

2.6.3.2 Grid model simulations of urban M24 Not initiated.
planning scenarios.
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The work performed according to the comments irletadbove are described here in the
following subsections. Work has been performedhayfollowing persons:

Partner Per son Role
SULVF Christer Johansson  end user representatyereon local data

SMHI Magnuz Engardt MATCH model incl. high resobrtigrid model, climate
scenarios

Stefan Andersson street canyon modelling, modaletion, documentation
Lars Gidhagen urban modelling, user interface/kups

Apertum  Lars Ortegren expert on model system iatemmn, user interface,
visualization,linking SMS to CS and local model kgations

2.1.  Air quality: urban downscaling for historical period and a
climate scenario

The Common Services module for air quality downsagais operational as a prototype and has
been tested against monitored (measured) valuebigtorical periods, briefly documented in
D4.4.1 Air Quality Downscaling Service V1. The fullemonstration of the air quality
downscaling through the SMS user interface willdmeumented in D5.2.2 Stockholm Pilot
report V2, planned for August 31, 2011.

The present Stockholm Pilot report V1 will focus the preparatory work to produce model
input data (emissions) and monitor data for modeiluation, together with a first round of
model evaluation of N©®and Q for historical periods. Model evaluation of PM1@shbeen
initiated and will be completed early 2011.

The technical demonstration of a long term air dpalownscaling climate scenario simulation
for the Stockholm area has not yet been achievaidwhl be ready during the first months of
2011. The urban downscaling simulations will hageess to new and improved simulations of
European scale air quality within a changed climts just are being completed (January
2011). The first two scenarios are based on regiolimate model (SMHI's RCA model)
downscaling of two global models HADLEY A1B and EEM5 A1B for the period 1961-
2100, where the air quality simulation uses time/wey RCP 4.5 emissions.

In addition, there has been preparatory work paréat for the local model implementation and
enhanced visualization (3D map).
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2.1.1 Emission data

The SUDPLAN downscaling require consistent emissiof 6 species, while the existing
emission database of the SULVF air quality managemsgstem has so far been used for simpler
models which disperse only one, inert pollutard eine. As SUDPLAN scenario modelling will
be used to forecast air quality changes variouadk=s:ahead, there must be work performed to
find the plans for how the Stockholm region willpaxd and change its infrastructure. New
urbanizations, more inhabitants and roads meanemeasions to the atmosphere.

2.1.1.1  Preparation of a SUDPLAN database for prese nt emissions

The Common Services air quality downscaling modstsuemission data stored in Airviro
databases, operationally updated by the SULVF teahnoperator SLB (Stockholm
municipality), for reporting purposes and for useirgput to SULVFs local models. SUDPLAN
activities include the identification of an emigsidatabase that can deliver all relevant emissions
species required by the CS downscaling CTM mode&ledsas by the local street canyon model
(since results will later be coupled). Such a dasabvalid for 2010, was identified, revised and
quality assured.

2.1.1.2  Description of SULVF emission inventories a  nd its management
(external work)

This section describes the way SULVF manages thesens within the Stockholm region.

2.1.1.2.1. General overview of the emission databas e

A detailed emission data base for the Stockholnoreggs managed and updated on an annual
basis by SULVF. The database covers 6 countiesved&n (300 km x 400 km) with around 3.5
million people (36 municipalities; about 40% of tteal population of Sweden). The largest
point sources are introduced in the model as iddafi stacks while smaller point sources,
together with areal and traffic sources are ca#léain an emission grid. The database includes
tables for temporal variations of the different m@s, so that hourly emissions of sulphur (SOx)
and nitrogen oxides (NOx), carbon monoxide (CO)latde organic compounds (VOC),
ammonia (NH3) and patrticles (PM10) are fed into#T CH-Stockholm model. The emission
inventory also contains many other compounds,gages that are important for the impacts on
the global climate.

2.1.1.2.2. Transport sector most important source f  or air pollutants

In Stockholm, road transport (both vehicle exhaasticles and suspension of road dust) is the
dominating source of primary particulate matter #mel vehicle exhaust is the main source of
many gaseous compounds. The geographical vanainilthe total emissions of NOx, CO2, 8O
and PM10 is illustrated in Fig. 1. The databasdaios a detailed inventory of fleet composition
and number of vehicles on different streets. Roaffi¢ emissions are described using emission
factors for different vehicles and road types agemiby the Assessment and Reliability of
Transport Emission Models and Inventory SystemsTBRIS; http://www.trl.co.uk/artemig/
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that has been adapted for the vehicle fleet inkBimln. The emissions from the ferries between
Sweden and Finland can clearly be seen in Figldnbe

2.1.1.2.3. Spatial and temporal distribution of the emissions

The spatial resolution in the emission databagegiser than in the dispersion calculations, but
there are several uncertainties in the emissioa thatt need to be considered when comparing
the results of model calculations with measuremedtsrently the emissions of PM10 due to
road dust suspension does not consider the realmeteorological influence on street wetness,
which is an important process controlling hourly alaily emissions of PM10 from road traffic.
Road dust emissions are parameterized as a funatitre month to provide correct emissions
on a seasonal and annual basis, but not when lgakimour to hour or day to day variations.
Some sources are not included in the dispersionefmaddue to lack of information on their
geographical and temporal variations, e g emisgiliesto off-road machinery.

—0.100 10kn*

0 2 4 6 8 10 i2 4 16 18

Fig. 1 Annual emissions of NOx, CO2, SO, and PM10 in the SULVF emission data base .
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2.1.1.3

Compilation of plans for long term projects
emission databases

in preparation of future

Stockholm’s “Vision 2030” (Fig. 2) for sustainabfgowth and development, outlines future
housing and

plans for

infrastructure

and new
(http://international.stockholm.se/Future-Stockh)lm

Take a glimpse into tomorrow

The year is 2030. Come with us on a tour of the projects that are being
implemented as part of the City of Stockholm’s Vision 2030 - A World-
Class City. Larger city expansion areas and other significant housing pro-
jects are marked in red. For further information, see www.stockholm.se.

1. Kista Science City

Kista Sclence City 1= an Integrated
area featuring world-leading IT and
telecom companies. Housing, areas
for walking, shops, cafés and restau-
rants make the area invicing.

2. Villingby centrum

Cne of Sweden's largest shopping-
centrs ranewal profects was Inaugu-
raved as aarly as March 2008, Retall
area has Increased by 70 parcent,
and the new butldings blend in well
with the areaa’s urban core wich Its
famaous 1950z environment.,

3. Alvsjo centrum

A modern and claarly regional hub.
The expanston of the Stackholm
Incernational Falrs exhibltion halls,
plans for the Spirvig Syd cramway
and the extension of the under-
ground from Hagsitra have spurred
the development.

4. Stockholm Public Library
The expandad Stockholm Public
Library and the area surrounding
©denplan 15 a lvaly place, with such
attractions as the City Line's new
statlon and a new shopping mall.

5. Forbifart Stockholm
Forbifart Stockholm, a new 21-
kllametre-long road clreult, ts
plannad to link regional cantres In
the north and south and streamline
thie traffic flows across Lake Milaren.

6. Kungens Kurva

— Skiirholmen

Far many Stockholmers, the largest
retall area In the Nordic countries
Is an easily accessible alternativa to
the city centra. Through a partner-
ship wich the municipalicy of Hud-
ding=, the area has become a closely
connected reglonal centre near the
EH/E20 motorway.

7. Telefonplan

An area foeu sing on form and design
has grown up around the classie Indus-
trial emviranment near Telefon plan,
The Konztfack untversity collage of
arcand design and Designen s Hus

design centre are the hub of an area
that features creative activities and
new hausing.

#. Trams and underground
Travel simplyl Mew tramways and
underground lines In Stockholm and
the surrounding munlcipalities stm-
plify transportation for a great many
Stockholmers. The thin dashed lines
show some of the naw routes,

9. Liljeholman — Arstadal
Mow the dty centre has definively
raken a leap across a&tsnabay. Here
the clty centre’s density and rangs
of offerings are comblned with prox-
Ity bo matural arsas and recreation.

10. Slussen

After 70 years of service, Slussen has
been renovated and rebullt. The new
liniks to Seadsgdrden and Skeppshiron
make the area even more Important

as a mesting place.

11. Hammarby Sjostad

Here the dty cancre has been linked
with the disericts surrounding Ham-
marby Lake and with Macka. About
30,000 paople live and work Inthe
country's largest developrment pro-
|ect, with a focus on water and the
enyironment.

11. Norvik

The expanded porc ar Marvik in
Mynishamn provides Incredsed
capacity for frelght and passenger
traffic In the reglon. This has [ed to
the establishment of housing and
workplaces In Stockholm's former
port areas.

13. Arlanda

Stockholm Arlanda Alrport |s stra-
teglcally Important for che entire
Swockholm-Malar region. High-spaed
trains from central Stockholm allow
passengers w reach the airportin
20 minutes.

14. Karolinska

- Morra Station

A brand new dty distrlct that combines
housing and workplaces has besn builc

In cooperation wich the Stockholm
County Coundl and the Cloy of Solna.
The district provides the deal baze
for world-class research programmes
and bustnesses specialised in life
sclances.

17. Citybanan

Cltybanan, a slx-kilometre-long
ralbway tunnel with two new statons,
haz doubled rall capacity through
Stockholm. In conjunclon with
Malarbanan, it iz essential for raltway
traffic from a local, reglonal and
natlonal perspactive.

18. Stockholm Royal
Seaport

From Husarviken to Loudden, new
housing and workplaces have baan
developed. The Vartan financlal
centre and the modernised port
opearations with a new travel centre
are strong profiles in the area.

19. Nordvistra
Kungsholmen

Here the compact central clty has
gaan the addition of 15,000 waork-
places, 8,000 resldents, and shops,
cafés and restaurants, Strandparken
and Lindhagensgatan are examples
of new zones In the area.

10. Annedal

The areaaround Billstaviken, close
to Brommaalrport, accommodates
a large number of new homes and
workplaces. Clry planning has taken
place In cooperation with the City
of Solna and the municipalicy of
Sundbyberg.

1. Klara Hotel and
Confarence

Mear Stockholm Central Staton,
new housing and a hotel and confe-
rence faclity of internacional standing
have grown forth as part of this new
westarn doy district. To the narth,
the raltway yards have been decked
over and Klarabergsgatan rabullc.

wakpl areas

(D!

Fig. 2 Infrastructure and housing projects in Stockholn‘itsionj2030.

It includes a new motorway tunnel (Bypass Stockhelene of the world’s largest road tunnel
projects (21 km long. 17 km of which is in a turelwhich will have important consequences
for the total transportation in the area. The emrsslatabase contains vehicle fleet emission
scenarios for 2030 that, together with prognosestfe increased road traffic transports and
changes energy production, can be used to estitare emissions. Future population exposure

! http://www.vv.se/Andra-sprak/English-engelska/Readstruction-projects/E4E20-European-Highway-The-
Stockholm-bypass-Forbifart-Stockholm/
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concentrations in different climate scenarios wél estimated and visualized with the new tools
developed in SUDPLAN.

The different projects of Fig. 2 constitute theibder the development of future (2020 up to
2050 and beyond) Airviro emission databases, torepared in 2011 and 2012.

2.1.2 Observational data for model evaluation

An important part of any model development is tarmjify the uncertainties in the calculations.
For air pollution dispersion modeling the overalicartainty of the results is best quantified by
comparing with measurements, in line with the undion given by Annex 1 of the EUs AQ
Directive. SULVF manage an extensive network wéalitime, continuous measurements of air
pollution and meteorology. Operator3&B analys a department at the Environment and Health
Administration in Stockholm. The network started 1893, but has undergone substantial
changes during the years. Data on air pollutionpaogided to the public and decision makers in
real time (updated hourly) and annual reports enitkernet. Forecasts of air pollution based on
these data and model calculations are presentaeelspapers and radio.

2.1.2.1  Monitoringing stations for model evaluation

Two monitoring stations have been identified fordalovalidation in this project (see Fig. 3).
One station is located in a rural area where |l@ange transported pollution makes the main
contribution. One is located in the city center Sibckholm, a so called urban background
station, where local sources contribute signifisatd the concentrations. In this way the
uncertainty of the impact of local and non-localire@s on the concentrations can be assessed
separately. At both stations hourly mean valueN©k (NO and NQ), O;, PM10 and PM2,5 is
recorded continuously during the whole year. Altads transferred automatically to a central
database, securely stored and continuously goimgudih a quality control procedure.
Calibration is performed automatically. The ruratkground station is located at Norr Malma,
some 70 km northeast of Stockholm centre. Thisnisopen agricultural area without any
important traffic or other sources within ca 15 kifhe urban background site (Torkel
Knutssonsg) is located in the city centre of Statkh This site is also a central location for the
larger metropolitan region which includes severahmipalities with about 1,4 million people.
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Measurement network of SLVF 2009 '

Marsta

¥ Uppsala
. -

@Torkel Knutssonsg

Fig. 3 The measurement network of SULVF

There are several reasons for using NOx, PM10 antbOmodel validation. N@ (the main
NOx component) and PM10 concentrations exceedithié Values at traffic sites, making the
control of these substances obligatory. Particulaitatter is regarded the most important
substance from a health point of viewg @ also important both for the health and the
environment. Both for PM10 ands;Oong-range transport is a very important contiidout

motivating the need for a coupled model system gyfiom the European scale down to a local
scale.
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2.1.2.2  Trends in air pollution levels in Stockholm

The SULVF measurement database can be used totshdwstorical trends for major air
pollutants. The trends in the concentrations of B&ggc show that Urban background
concentrations of Nohave decreased substantially during the last adeesc For PM10 there

are less historical data available, but it seerasttiere is a decreasing trend of the
concentrations at both the rural and urban backgteites during the last 3 years. For the urban
background, this may partly be due to the metegrioéd situation, but decreased emissions of
particle precursor substances throughout Europe liesly contributed to the decreased
concentrations at both sites.

Fig. 4a-c shows trends in observed annual meareotrations, PM10 and{at the monitoring
stations of SULVF at Torkel Knutssonsg and Norrdrivéa (the black lines are from the urban
background site at Torkel Knutssonsg and blueiirfieom the rural site at Norra Malma).

Fig. 4a 50 E“g/‘“j

——NO2, E4/E20 Lilla Essingen. gatunivé, arsmedelvirden 2005-2009
——NO2. Torkel Knutssonsg. urban bakgrund. &rsmedelvirden 1982-2009

45 ] =——NO2, Norr Malma. regional bakgrund. arsmedelvirden 1994-2009
Trends in observed annual s Rl e
mean concentrations of NO =5
N I
] —
25

3 Nationelit miljgmél
20 e e

e

e s B L E s s s S B s By B S S B B B N H N
-82-83-84-85-86-87-88-89-90-91-92-93-94-95-96-97-98-99-00-01-02-03-04-05-06 -07-08-09

Fig. 4b 0 g

PM10 at the monitoring ﬂ. e
stations of SULVF »

—PMI10. Turingeg Sodertilje. gatuniva. arsmedelvirden 2007-2009

5 1 —PMI0. E4 Héiggvik Sollentuna. gatuniva. arsmedelvirden 2008-2009
——PMI0. Torkel Knutssonsg. urban bakgrund. arsmedelvérden 1994-2009
——PM!10. Norr Malma. regional bakgrund. arsmedelvarden 2006-2009

10 — PM10. E4/E20 Lilla Essingen gatuniva. arsmedelvirden 2005-2009
——PM]10. Kungsg Uppsala. gatuniva, arsmedelvirden 2008-2009

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Fig. 4c g

Osat the monitoring stations of : /\/ VA e\

SULVF /\/ ~NS

40
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20 +
[ =03. Nowr Malma. regional bakgrund. arsmedelvirden 1994-2009
10
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Fig. 4 Observed data at monitoring stations
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2.1.2.3  Where does air pollution reach critical lev  els?

As stated above the air quality limit values for BMand NQ are exceeded at traffic sites (see
Fig. 5). In order to predict concentrations at éhsseets it is necessary to use local street canyo
models as part of area 2.6.2 of SUDPLAN. Severakst in the central city of Stockholm have
buildings on both sides, making the ventilation po®his problem could be much better
visualized, using the 3D building geometries andualization tools being developed in
§U££LAN.

)

e

» S A ol R
concentrations of NO, (left) and PM10

Fig. 5 shows modelled concentrations of Nf@ft) and PM10 in Stockholm in relation to the
limit values. Red colours indicate areas wherdithi values are exceeded. Numbers in black

are measured values in pgim
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2.1.3 Model evaluation for a historical period

The SUDPLAN downscaling model has been executetdWwormonth-long periods in 2010 and
an evaluation of those results is documented hel@wb The model evaluation work has also
been supported by the GASLINK project which endexd/émber 30, 2010 and which used the
same model approach as SUDPLAN, although with asan short-term air quality forecasts.
Parts of the GASLINK results conclusions are pressseparately here below.

2.1.3.1  SUDPLAN evaluation of NO , and O 3for two month-long periods

The SUDPLAN evaluation to be presented here wasemdth MATCH-HIRLAM European
scale model application contributing to boundargditions for the urban downscaling MATCH-
Stockholm application. The evaluation includes tmonth-long downscaling simulations of
NO, and Q. The Model output is compared to monitored datthaturban background station
Torkel Knutsson in Stockholm.

Downscaling of N@ and Q has been run for two periods, January 01-31, Zih@lated on a
102x102 km grid with 2x2 km spatial resolution, @dtober 17-November 16, 2010 simulated
on a 100x100 km grid with 1x1 km resolution. Statsrelevant for evaluation of EU air quality
standards are given in Table 2a (for )l@nd Table 2b (for ¢).

Table 2a Comparison of simulated and monitored NO> at urban background station Torkel Knutsson.

January 01-31, 2010 October 17 — November 17,2010
Type of value| Time averaging Model Measured Model Measured
Average Monthly mean 22.3 24.9 14.7 14.8
98-percentile | Daily means a7 56 23 36
98-percentile | Hourly means 61 67 40 46

Table 2b Comparison of simulated a

nd monitored O3z at urban background station Torkel Knutsson.

January 01-31, 2010

October 17 — November 17,2010

Type of value| Time averaging Model Measured Model Measured
Average Monthly mean 33.7 35.9 31.1 39.3
98-percentile | 8-hour means 69 69 61 65

The corresponding time series for N(ourly data) are given in Fig. 6a-b and far(@h
averages) in Fig. 6c¢-d.
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= The results of these two month comparisons showasonable co-variation between
simulated and monitored concentrations. Episoddis Wgher and lower concentrations
during various days is captured by the model, astlae within-day variations of NO
levels. For NQ the highest peaks are somewhat underpredictedeomodel. For @the
model shows too low minimum values, while the hpgaks are better simulated. The
spatial resolution — 2x2 km or 1x1 grid resolutiatoes not seem to critical.

= The general impression is that the downscaling©$ Bind Q is sufficiently close to
monitored values, i.e. SUDPLAN downscaling of diffiet scenarios are meaningful to
compare for urban background concentrations of Al Q.

= An evaluation of simulated PM10 has been initistad will be completed early 2011.

2.1.3.2 GASLINK evaluation of alternative European  scale boundary conditions
for NO2 and O3 (external work)

The GASLINK project, funded by the Swedish NatioBglace Board, has run during two years
and was formally ended November 30, 2010 (Engdr@i.e2010). The contribution of most
interest for SUDPLAN is that GASLINK compared twifferent MATCH model applications to
generate the European scale results used as bguodiaditions to the MATCH-Stockholm
model setup. The two different MATCH model applioat evaluated by GASLINK are:

* MATCH-HIRLAM, executed on NSC super computer centetinkdping, operating with
climatological boundaries varying with season. Emiss are taken from EMEP.

« MATCH-MACC is executed at ECMWF using meteorologicata from ECMWF and
emission data provided by TNO, Netherlands. Boundanditions are taken from a global
chemical transport model that includes data asatioii of meteorological parameters and
chemical composition. The other six regional mogbesicipating in MACC use the same
input data.

From the GASLINK report (Engardt et al., 2010) wie ¢he main results for the comparison of
using different MATCH applications for the Europestale boundary values to the downscaling
area of Stockholm. Fig. 7 shows the spatial awsdgr the October 17 — November 17, 2010
period.
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Fig. 7 Monthli/ averaged N@(top) and Q (bottom) concentrations for the period October17
November 17, 2010.

= For NO2 the two alternatives for boundary condgioyield a similar distribution,
however the MATCH-HIRLAM application (used in theUBPLAN time series
evaluation) gives somewhat higher background valdsesnodel NQ average (Table 2a)
is very close to monitored NGor this period, there are reasons to believe Myatr CH-
HIRLAM gives somewhat better boundary conditionsN@,.

= Also for the ozone the distributions are ratherilsimbut here with a tendency in the
opposite direction, the MATCH-HIRLAM gives lower @ze levels than the MATCH-
MACC application. According to the comparison wittonitored values in Table 2b
MATCH-HIRLAM contributes to too low downscaled aage Q levels. However, the
higher ozone peaks, of more relevance from a heaitht of view, are much better
simulated. It is thus the too low ozone minimumesgaihat contributes to the bias of the
long term average value.

= Given the results so far, it seems relevant totheeMATCH-HIRLAM application to
generate the European scale air quality resultshistorical periods. The preference
between MATCH-HIRLAM or MATCH-MACC for the Europeastale simulations will
however depend on the results of the on-going mexdauation for PM10.
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2.2. 3D city map

One of the principal goals for the Stockholm pifoto generate advanced visualizations that will
make it easier for urban planners, politicians e public in general to understand where and
why the air pollution reaches critical values. Aaidled 3D city map will be an important input to
the visualizations of high resolution model results

2.2.1 3D building information

Three-dimensional information on buildings and tg@aphy exists for the Stockholm
region, achieved through laser scanning. This deta been provided to the SUDPLAN
consortium. The goal is to use this 3D informatifum better and easily understandable
visualizations of simulated air quality levels ihet SUDPLAN graphical interface. The
Stockholm pilot has worked with GIS software to ersfand the characteristics of the data and
how they can be used in support to air quality aligations. A test area covering a part of
central Stockholm has been defined.

Fig. 8 Building blocks with roof height and a raster showing the surrounding terrain elevations.
Example from Sédermalm.

Fig. 8 shows a view over the test area, a densapulpted island in the centre of the city
(Sodermalm). Most of the buildings are represemgadubes, neglecting roof details. Some of
the more prominent buildings, like the church i thpper left part of Fig. 8, have a more
detailed structure. The presentation of individoaildings and their form makes it easier for
people residing in the city to orientate. The heighthe houses will also help to identifiact
spots’ with street canyon effects where street levelyimn is likely to be high.

The blue dots in Fig. 8 represent terrain elevatiata in a 10 m grid. With a triangular irregular
network (TIN) it is possible to have vision of tleairrounding topography (Fig. 9). The
Stockholm 3D maps even show individual trees (mggldyed here).
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Fig. 9 The elevation grid can represent the topography displayed with TIN technique.

2.2.2 Use of 3D city map for advanced visualization

The Stockholm pilot will use the external SIMAIRssym to assess air pollution levels close to
traffic. Exceedances of air quality standards douocdn traffic environments, in particular in
street canyons.

SIMAIR outputs are concentrations at each side m@faal, normally within five meters from the
road (if open road environment without surroundingjdings) and at 2 m from building wall in
case of a street canyon environment. Model resalisannual means or percentiles, can be
exported in shape format. Fig. 10 shows SIMAIR sartated together with the 3D building
information. The green lines representing roaddimkay be coloured according to simulated
concentrations.

Fig. 10 Road links with simulated air pollution concentrations from the SIMAIR model system
shown as green lines together with 3D building information.
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Fig. 11 Model 2Dgrid output (10x10 m resolution) overlayed the 3D city map. Hot spots like tunnel
entrances and the more trafficked streets are easily identified with the given references to city
infrastructure.

The small-scale SIMAIR results will be complemenbgdarea covering model simulations from
a 3D grid model (the same model as in the CS doalingg but here used on a much higher
spatial resolution). The high resolution MATCH mbdanulation will represent air pollution
concentrations at building roof level. The Stockhglilot visualization aims at a combination of
these two types of model output, visualized in 82 city map. During the testing of the
visualization, we have worked with a model 2D otijpom a Gaussian model that forms part of
the SULVF ordinary air quality system. The 2D modeitput is a grid with 10 x 10 m
resolution. In Fig. 11 the air pollution is overdaythe 3D map, however still not at roof level.

Although the visualization is not perfect, Fig. tlearly shows the potential of improved
visualizations in air pollution assessments. Highatution levels are easily identified in certain
street canyons with dense traffic, as arehibtespots created outside road tunnels where polluted
air is pushed out by vehicle movements.

Copyright © SUDPLAN Page 21 of 30



SubpPLAN Project; 247708 - SUDPLAN

3. Pilot Design

The Stockholm Pilot has participated in the elabonaof SMS mockups that responds to two
use-cases. Starting point for both use-cases wasvarpoint by SMHI presented on a project
meeting in Saarbrucken, Germany, March 17-19, 2010.

With the mockups on the blog, we could step by steggest improvements of the user interface
which the IT partners materialized in subsequentkaps. The work performed on the use-cases
and the mockup results are documented in the fallgwwvo subsections.

3.1.  Visualize air quality model results

The visualization of European scale air qualityadamd downscaled city-scale data are, for the
end-user, will appear to be very similar. It wik Ipossible to visualize spatial data — gridded
concentrations — and to examine time series of flata a specific point in space. The use-case
UC-511 “Visualize air quality results” of the Stdulm pilot covers both these scales and also
the pilot-specific application of very high resatut modelling over a part of the city.

From the ICT point of view there will however beffdiences. On the European scale the
presentation of air pollution will go through a WNagplication, while the downscaled city-scale
results will be displayed as grid data over a nidqe blog work detailed here has focused on the
European scale presentation.

On the European scale SUDPLAN SMS will allow bogatsal (gridded) fields and pointwise
time series of air quality data to be displayeaoaging the following table. Gridded fields will
always be 10-year averages while output of timeesewill have either year or month as
temporal resolution.

Table 3 Summary of Common Services air quality downscaling results to be visualized

Spatial data Qutput time series in receptor point

Parameter type size 10-year year month day
NO2 grid 44x44 km (©) X X
SO2 grid 44x44 km O X X
PM10 grid 44x44 km @) X X
03 grid 44x44 km O X X

The iterative work on the blog resulted in a mochkgpording to Fig. 12. The following details
should be noted:

* A 2D semi-transparent air pollution field is disgga over the map, with possibilities
to modify the colours.

* A slider (to the right) helps to go back and farthime, with 10-year steps.

* After clicking at a specific location (coordinate#) will be possible to specify if
yearly or monthly data should be exported as tierees.
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* Time series is displayed in its own window, in platato the European map
presentation.

ANO Cids Navigator.

Navigator  Search  Tools Eenster getu‘ File Edit History Geosuche Bookmark Exiras Window Help

=

Tcatalog » — x 56 « b 5 2 0x || [=Map ¢ - x lpesaription!{ JAuributediior’, [eDx
- Administration =
| O % O | &G Do A0 QD2 5t + =l < ®[2|r |
[ Critical Infrastructure =
[ Measurements | & map # -0 x || capabilities r-Ox
izﬁ Live Measurements 1
Ee- 7 =S
- Model Runs & Results R 2
ModelParameterSets = 2050
g
3
| ~2040
5
2
z -2030
5
2
& ~2020
g
P
O 3
5
= -2010
~2000
~1990
-
TlAttribute M ¢ — x [20x% L =
| Capabilities 43 Server info
Legend a-Ox
@it detnis il
= 3400.0 > x
<0 Auribute query f_Ox
§, Cities ' &, Rivers | %, Borders |, 3408.0 = x
34160 = x
Ay Resolution:
S — 3424.0 = x
v 10-year averages
1-year averages 34320 = x
1-month averages .
1-day averages 344005 %
| i | T ————
= o—— | B Legend /- Search selection | | Overvi_ 4 » ¥ |
Cayer I Objecl]| @ atribute query / Eltegend, gy
ke = Flache: 0.22 Umfang: 4.26/1:34|(18.84,61.07)
I [deseriptions successfully loaded [ X ]

[1 Objects selected

Fig. 12 Detail of a mockup for the UC-511 Visualize air quality results.

3.2.  Execute air quality downscaling

The use-case UC-521 “Execute air quality downsgalis more complex, as there are some
factors that will determine the downscaling. Baljcine end-user must respond to the following
before hitting the “execute” button:

 Select the area of interest (simulation area ddllawodel) in the map

» Choose grid cell size

* Choose boundary conditions (climate scenario clddast on European scale)

* Choose simulation period (default the same as banyrmbnditions)
 Define emission inventories to used and which yeay represent

The interactive work on the blog resulted in thikofwing mockup for the first two selections,
those of downscaling area and grid resolution..(E8). Note that user can explicitly specify
the modelling domain coordinates after the SMS esatign, based on the selection by
“mouse-click; however the simulation area must hautiple of grid size in both x and y

direction.
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Fig. 13 Detail of a mockup for the UC-521 Execute air quality downscaling: definition of simulation

areaand g

rid resolution.

The specification of boundary conditions is simpihat the SMS (client) requests a list of
European scale results from the CS server and gbe selects the appropriate data-set for his
downscaling run. The user will also have the polssitbo reduce the length of the downscaling
simulation but enter “from” and “to” dates.

As for emissions the use-case assumes that therexating emission inventories uploaded to
the CS server, in Airviro format (how this uploadlwe made is another use-case).
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Fig. 14 indicates the specification of emissionalases. SMS (the client) sends a request of
available emission databases. The user has tofgme@ of those and also indicate for which
year this database is valid. If only one databaselected, emissions will be as in that database
for the entire simulation.

With more than one database defined, there wilalenterpolation for the years in between.
Before the first “valid for” year the emissions Wik as in the first database and similarly for the
years after the last “valid for” year.

fA.NO. Cids.
Navigator Search Tools Fenster Help | File Edit History Geosuche Bookmark Extras Window Help [

EX~R 4 |

[Fcatalog # - x (88 < » = ex 3 itor [2ox
L1 Administration -

| |0- % 0|6 |&m Coame| LTl O D250+ =Bl < %%/ |
B[] Critical Infrastructure -

% | Measurements ] Map # -0 x || ] Capabilities o0
B Live Measurements 3o d

- Model Runs & Results

#-[_| ModelParameterSets O z | World Map
5| Profiles 06 g B Countries
B3 Projects 4 sieps Choose databases & h image

Bl Coastlines

B Webcams

FZ waterbodies

ra| 1. Choose grid cell size
EJ Transportation

2. Refine boundaries Available Databases: Chosen Databases

o
3
: 3. Choose scenario e Z | “E Bord
Pl e gl Edb1980base [Edb1980base > 1980 - : e

5| R

i 5. Choose databases Edbz005ref |Edb2005ref -> 2005 = e
1 Edb20xxBU e
3 Edb19xxZH 8
% Year: =
— =
2005 £
R .
L L

(TAttribute B # ~ %, (amx

L] Capabiltis JSENgr e

SETLARL
( \ £ R Next > X (5] Legend faOx
Help ) ( <Back ) Nex - Cancel ) ||| ElLeg

I Layer L= 4
Edva@EHB
| Layer | Style | Info Progress and Transparency |
e ¥ Cities @ [
g Borders c) o
~Ho Rivers ) ]
B Hillshading @
"B Topoaraphy ¥ ]
| Layer i Objects |17 Attibute query| Legend /s Seal
&= Fliche: 0.22 Umfang: 4.26(1:34(18.84,61.07)
[1 Objects selected i [descriptions successfully loaded 20

Fig. 14 Detail of a mockup for the UC-521 Execute air quality downscaling: definition of local
emissions to be used.
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4. Conclusions

Stockholm pilot activities and use-cases have loedfimed in the D5.1.1 Pilot Definition
Plan V1 for Stockholm. The status of activitiesesthied for the end of 2010 is as follows:

* Presenting climate scenario information on the European scale: This has not been
possible as the integrated user interface will drdyavailable in April 2011.

» Air quality downscaling for historical period and a climate scenario: Relevant
emission data for present conditions (2010) haen bdentified, revised and quality
assured. Downscaling for historical periods havenbgerformed and also validated
against measurement data with satisfactory restilie. downscaling of a climate
scenario has not been achieved, awaiting Europeale boundary conditions to be
completed in January 2011.

» 3D map as underlay for advanced visualizations of model results. a 3D map has been
achieved for a test area in central Stockholm. Stmo& model test data have been
generated to support the design of the visualinatio

The Stockholm pilot has furthermore participatedha iterative mockup process for two user
interfaces of the Scenario Management System, dinkethe Common Services air quality
downscaling:

* Visualize air quality results
» Execute air quality downscaling

The pilot has also initiated a compilation of tHans for large infrastructure projects that will
influence future emissions around Stockholm. Thasgect plans will constitute the basis for
the development of emission databases for futuaesy¢o be prepared later in 2011 and 2012.
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6. Glossary

technical term | Explanation

2D Two-dimensional, typically a field that varies east-west and north-south
direction. The field may also vary in time —thistypical for e.g. air pollutiorn
and population density. The former varies from boar to another while the
latter maybe varies from one year to another.

3D Three-dimensional, typically a field that varieseast-west and north-south
direction as well as vertically. The field may alswy in time.

4D Four-dimensional. Most often 3D field that exply also varies in time,
It could also be when a certain 3D parameter (@.particular air pollutant
also varies according to another 3D parameter {emgperature). It will then
be possible to study the variation of the first B&rameter as a function pf
space (x,y,z) and the second parameter.

Airviro Air quality management system consisting adtabases, dispersion models
and utilities to facilitate data collection, emasi inventories etc, see
http://www.Airviro.smhi.se/

Downscale In the present context, go from coursdiner scale. l.e. employ models with
higher resolution and explicit description of logabcesses. The downscalipng
models typically also utilise course resolution misd(or data) as boundary
conditions.

Grid model Model that describes the atmosphereisarete boxes (3D) or areas (2D).|A
grid model produces results in all grid points. Theult in a particular grid
point is the average value over a volume (3D) 442®). The shorter distance
between the grid points, the higher resolutiorhefdrid model.

Hind cast A simulation of a historical period. Qftdone to compare model simulatigns
with data which is available during that period.

Hot spot Point (or small area) which is very diffiet from its surroundings. In the
present context, most often high concentrationaiopollutants, or extremg
meteorological conditions.

Mockup A model of a design used for demonstratirgftinctionality of a system.

Point source An emission source with small spatent and well known localisatiop.

Typically a chimney, or a stack.

Street canyon Volume between high buildings inesitiDue to poor circulation (and high
emissions) prone to poor air quality. Street casydrave unexpected
circulation patterns, thus dedicated models areleckdo study air pollutiof
here.

—
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7. Acronyms and Abbreviations

Acronym/ Definition

abbreviation

AlB Emission scenario used for global climate mimiglin IPCCs Fourth
Assessment Report (AR4)

CS Common Services (SUDPLAN functionality)

CT™M Chemistry Transport Model

ECHAM5 GCM developed at Max Planck Institute fortel@rology, DE

ECMWF European Centre for Medium-Range Weatherdasts (http://www.ecmwf.int)

EMEP European Monitoring and Evaluation Programhtg{//www.emep.int/)

GCM Global Climate Model

HADLEY GCM developed at Met Office Hadley CentrekKU

HIRLAM High Resolution Limited Area Model, numericaveather prediction mode
developed and used operationally by SMHI

ICT Information and Communication Technology

IPCC The Intergovernmental Panel on Climate Chatingeleading body for the
assessment of climate change

MACC Monitoring Atmospheric Composition and ClimageSPACE FP7 project

MATCH Multiple-scale Atmospheric Transport and Chstny modelling system, a CTM
developed and used by SMHI.

RCP4.5 Radiative Concentration Pathways: A sebaf €mission scenarios to be used
for the AR5 simulations. The scenarios are namedrding to their radiative
forcing at 2100, e.g. 4.5 W/m

SIMAIR An internet tool for calculation of air quil in population centres. The tool
includes several different models operating oredéht scales and for different
environments. Segvww.smhi.se/en/Research/Research-departments/Air-
quality/simair-model-tool-for-air-quality-1.6830

SLB analys | A unit within Stockholm city's Environnmieand Health Administration which ig
contracted for the day-to-day operation of theasiair quality systems
operated by SULVF, see www.slb.nu/elvf/

SMHI Swedish Meteorological and Hydrological Insté. www.smhi.se
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SMS Scenario Management System (SUDPLAN functityali

SULVF Stockholm - Uppsala Air Quality ManagemensAsiation. www.slb.nu/elvf/
TIN triangular irregular network

TNO Dutch research organization (http://www.tno.nl)

WMS Web Map Service, a specification which comgiaelefinition for Internet map

Servers.
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