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Abstract. SUDPLAN is an EU FP7 project combining IT and eammental
knowhow in a novel way, bringing an easy-to-usehlvased decision support
system for urban climate services. It will allovtycplanners to take climate
change and its impact on the urban environment atwount in the urban
planning process. The main components of the SUDNYIphoduct are the
Scenario Management System, the Common Services tlendfour pilot
applications. This presentation describes the gufdlse project, the consortium
and the basic structure of the Scenario Managesystem and the Common
Services. The usefulness of the system will be destnated in four pilot cities,
but whatever European city can easily make usé@®fSUDPLAN Common
Services offered.
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1 Introduction

SUDPLAN is an EU FP7 project under the Informati@@ommunication
Technology programme (ICT-2009-6.4), running 200022 The project responds to
the call's target “ICT for a better adaptation tiimate change” which asks for
solutions that combine advanced environmental niodeland visualization, in
support to EU initiatives like The ‘Shared Envirommal Information System’ (SEIS)
and The ‘Single Information Space in Europe forEm¥ironment’ (SISE).

1 Corresponding author: lars.gidhagen@smbhi.se



1.1 Project goals

The main objective of SUDPLAN is to develop an eswsuse, web-based,
planning, prediction, decision support and traintogl for urban climate services.
The tool is to be based on a ‘what-if’ scenariocet®n environment. SUDPLAN
visualization of future scenarios will allow cityamners to take climate change into
account in the urban planning process, therebyribaing to limit the effects of
climate change on health, comfort, safety and guefilife.

SUDPLAN shall provide local information and a qtilservice to effectively
support urban planners and decision makers in udvaas all over Europe in the
areas of intense rainfall events, drought and floisldls, and severe air pollution
episodes, affecting urban infrastructure and pdmudaunder the influence of a
changed climate. This goal will be achieved thraugh

» the design and implementation of $cenario Management System, an
execution, visualization, documentation and tragnémvironment for scientific
users, city planners and managers. This environmwdhseamlessly blend in
existing and emerging distributed infrastructur@sspatial data (SISE, SEIS)

 the design and implementation of so-callédmmon Services to deliver the
necessary data to quantify, report and visualize fthure risks for droughts,
flooding, extreme rainfall intensities and high pollution events over urban
areas, usable throughout Europe, but at the lobalnuscale.

» validating SUDPLAN results in four independent pidpplications: the City of
Stockholm in Sweden, the City of Wuppertal in Gengpnathe City of Linz in
Austria and the Prague region in the Czech Republic

 ensuring that the SUDPLAN services are generic ghda be easily applicable
to other European sites.

1.2 SUDPLAN consortium

The different IT aspects of the SUDPLAN projectiviie covered by the four
partners cismet (Germany), AIT (Austria), DFKI (@@my) and Apertum (Sweden).
The environmental know-how will be taken care of the two partners SMHI
(Sweden) and TU Graz (Austria). Another three pagnrepresenting environmental
authorities and expertise, will ensure the valoatnd usefulness of the SUDPLAN
tools: CENIA (Czech Republic), SULVF (Stockholm, &en) and Wuppertal
municipality (Germany).

2 SUDPLAN main components

The main system components are shown in Fig. 1. eb-based Scenario
Management System (SMS) includes the client andisiee interface of SUDPLAN.
The Common Services (CS) provides climate inforamatiand environmental
modelling tools. The SUDPLAN infrastructure incledell city-specific models,
sensors and databases. All SUDPLAN pilot citiesehdefined their own unique



planning applications, managed together with Com®@ervices through the Scenario
Management System.

Stockholm Wuppertal Linz Prague other cities

Scenario
Management
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SUDPLAN infrastructure

Fig. 1 Overview of SUDPLAN components

2.1 Scenario Management System

The Scenario Management System (SMS) will be alighteractive, highly
3D/4AD graphics-based decision support environmavijch explores existing
resources, in particular the 3D landscape and 3@etsoof phenomena. In this
system, users are capable to define, manage, exandtexplore different decisions
and to simulate decision scenarios. Users are stggbdn the visualization,
comparison and documentation of different decisiamsd can use the system for

training.

The SMS will contain the following major componeffig. 2):

a)

b)

c)
d)
e)

)

a tentatively called “orchestrator” component, whiallows to define
different what-if decision scenarios, their datad asensor sources, the
models involved and the work flow associated wlit $cenario

a tentatively called “executor” component, whichoaks to execute (i.e.
compute) different decisions (while the user waitsin the background), to
compare and document results

a geo visualization component which links with &rig SDI infrastructures
(i.e. the existing spatial city information)

an advanced 3D / 4D visualization component for ¥iualization and
animation of 3D results and predictions, in paticwsing the 3D landscape
a scenario and persistence manager which keepsvantory of scenarios,
data sources and results which supports resultsaian and reporting

an access-control layer to existing services (thiclyt models), data sources,
catalogues and sensors.



Scenario management environment

~
3D /4D geo scenario
visualisation visualisation manager o
Scenario inventory
orchestrator executor persistence
manager
access control

l S Catalogs Access
ensor services
services

Fig. 2 Components inside the Scenario Management System

The functionality of the system includes (not imtihg tools for system
managers): discovery of resources available in SKOPLAN scenario inventory
(data, models, published scenarios etc.), integragupport for data sources, sensors
and models, support to set boundary conditions ofdets, scenario workflow
management, scenario management repository sugmust, processing of results,
advanced visualization capabilities. These funetiities will be available in a highly
interactive adaptive “work bench”.

2.2 Common Services

The Common Services (CS) task is to provide enwremtal information for
European cities under present and future climadeaios. A climate scenario means
the resulting climate evolution over time, as siatedl by a General Circulation
Model (GCM), covering the globe and forced by ataierIPCC emission scenario.
The spatial resolution is typically 200-300 km. Digethe uncertainties in climate
modelling, SUDPLAN will provide various climate s@ios so that the planning can
be based on an ensemble of different future saehari

A global climate scenario result may be downscaded higher spatial resolution,
typically 25-50 km, by an Regional Climate ModelQR). The regional downscaling
in SUDPLAN will, at least initially, be performedylSMHI's RCM (named RCA)
and will generate climate scenarios at 44 or 22 riesolution over Europe. As
indicated in Fig. 3, the production of those Eumpescale climate scenarios is an
activity outside SUDPLAN.
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Fig. 3 Overview of the SUDPLAN modelling of environmahtactors, going

from the European scale (left) to the urban andchieadly finer scale (right).

SUDPLAN involves the Common Services modelling &l as the specific
modelling required by different pilot cities.

Regionally downscaled climate scenarios are todegly available through a
number of project efforts, including EU FP6 ENSEMER project. For urban
planning purposes, e.g. to give input to local niedihe use of the climate scenario
information freely available is coupled to soméfidifities. The temporal and spatial
resolution of the climate scenario information mayt be adequate for the urban
scale, as is often the case for short-term pretipit intensities that require 30 min or
finer temporal resolution. Regional climate modsio have a spatial scale that is too
large for estimating intensive precipitation eve @@ DPLAN Common Services will
involve methods to bridge this scale gap of preatjmn variability [1].

In order to transfer the regionally downscaled alien scenarios to other
environmental factors of interest in urban plannilike river runoff, soil moisture
and air quality, there is a need for complementeffect modelling. Common
Services will bridge also this gap by offering mbdetput from a hydrological model
and a chemistry-transport model (CTM) forced by ¢hmate scenarios for Europe.
Again there is a need for higher spatial and temipogsolution. SUDPLAN will
ensure that climate scenario information will bevdscaled to become adequate for
urban applications where intensive rainfall, rivaunoff and air quality are
environmental factors of interest.

2.2.1 Climate scenarios

SUDPLAN will use available climate scenarios acaogdto IPCC directed
activities preparing for AR4 and currently for AR5 (through the CMIPS
coordinated model inter-comparison). The resultChfiP5 will be available in the

2 |IPCCs Assessment Report no. 4, published in 200hans, scheduled for 2014.

3 Coupled Model Intercomparison Project Phase 5 (G)lliB a coordinated effort by the
climate modeling community to validate their GemheGérculation Models (GCMs) and
provide best possible estimates of future clima@nge to ARS.



end of 2010 or beginning of 2011, so for the fi@DPLAN version the AR4
scenarios will be used.
SUDPLAN will use regionally downscaled (over Eurppesults from some well
reputed global models. Initially the Common Sersigéll be based on the following
climate scenarios downscaled by SMHI's RCA3 moae3 4]:

» ECHAMS [5] using A1B emission scenario [6]

» HADCM3 [7] using A1B emission scenario [6]
Later SUDPLAN versions will allow the use of otherodel results, both on the
global and the regional (European) scale.

2.2.2 Downscaling of intenserainfall

Different methods will be used, depending on theetgf input data selected by the
end-user. The first alternative is input of an hsiéy Duration Frequency (IDF) curve
and the second a high temporal resolution timeeseni precipitation.

The IDF curve downscaling is based on extreme vahalysis of annual rainfall
maxima of different durations using the GeneralizEdtreme Value (GEV)
distribution, as outlined in e.g. [8]. For eachesttd scenario, this analysis is applied
to one reference and one future, user-specifiegleda®-time-series of 30-min values
from the five RCM model grid points surrounding tthesired location. This means
that the end-user inputs an historical IDF curvd aill receive as output an IDF
curve for a future climate scenario.

Time-series downscaling is based on the versidghefjeneral Delta Change (DC)
method described in [1]. Essentially, short-terracpitation from climate scenarios
are analyzed in order to estimate future changsscaged with different intensity
levels. As in the case of IDF downscaling, the wsialis applied to one reference and
one future 30-year time-series of 30-min valuese Ehd-user inputs the reference
(historical) time-series and Common Services wilveg back a time-series
representing the conditions of the selected futlinreate scenario.

Common Services will also offer a possibility tomsiate the passage of a
rainstorm over an urban catchment, generating pieland consistent time-series in
selected locations. The generator is based ondheept of a design storm, i.e. an
idealized time-series of rainfall intensity duriag intense event. In the generator,
such a design storm is first defined for the cemtreéhe rainstorm. Then transfer
functions are used to create consistent designmstoin selected surrounding
locations. This transfer includes time lagging andeduction of the peak intensity.
The transfer functions should be designed to méttehypical shape and extension of
intense rainstorms, as found empirically (e.g. 9).[ For climate change impact
assessments, the peak intensity will be changedeflect the estimated future
properties of intense rainfall. The Storm Generaonulation requires an IDF
analysis as described above.

2.2.3 Hydrological downscaling

The concept used is to go from the CS databaseeetgiculated hydrological data
on the European scale, followed by an end-userutgdaownscaling where the local
information is improved through re-calibration aretrunning the CS hydrological



model HYPE with improved local input. The local iipcan be river runoff data as
well as improved land-use and watershed information

The HYPE model [10] is a semi-distributed procedsasked hydrological model
for small-scale and large-scale assessments of wedeurces and water quality. In
the model, the landscape is divided into classesrding to soil type, land-use and
altitude. The soil may be divided into up to thregers, each with individual
computations of soil wetness and nutrient proceshesmodel simulates water flows,
and flow and turnover of nitrogen and phosphorustridnts follow the same
pathways as water in the model: surface runoff, ropaare flow, tile drainage and
groundwater outflow from the individual soil layefRivers and lakes are described
separately with routines for turnover of nutrients each environment. Model
coefficients are global, or related to soil typelard-use. Internal model components
are checked using corresponding observations friffereht sites. The model code is
structured so that the model can easily be applighd high resolution over large
model domains, which is also facilitated by linkingpefficients to physical
characteristics and the multi-basin calibrationcedure.

The pan-European hydrological database in Commovices is generated by the
water part of the HYPE model, applied in a multsinpaapproach to Europe (E-
HYPE). Model output cover most of the European icamit, from the British Isles to
the Ural Mountains, and from Norway to the Mediémean Sea. This achievement
was possible thanks to new global databases, waiehhandled in a specially
designed system of methods for automatic generationodel input data [11]. The
term multi-basin refers to a model calibrated hoemamysly over several entire river
basins.. The pan-European model has at presentliamgub basin resolution of 120
km?, but incorporation of local observations can giveery good fit in both gauged
and ungauged basins for national datasets with nhigier resolution (median 18
km2 for Sweden [12]).

In the Common Services tool, the local user cdecsdasins of interest from the
pan-European model and may include further mordtotiene-series of water
discharge. It will then be possible to run a singaéomatic calibration routine for this
domain to improve the multi-basin scale calibratidtis will improve the model
performance for present conditions. The user can #elect climate scenarios using a
relevant down-scaling technique (see above) wiftt the hydrological modelling on
a very local level, also including storm-flow eventhe user can then run the model
in the new SUDPLAN interface, which uses the rastidt visualize the results of
future risks of drought and floods in the seledtedins. The monitored data inserted
into the model by the local users will then be usedn annual re-calibration of the
entire continent [12], which will improve the ovérgerformance of the pan-
European multi-basin model. Hence, more usersrasital more monitored data and
the pan-European model will continuously improvéha long term

2.2.4 Air Quality downscaling

Also here the concept used is to go from the C&bdaie of pre-calculated air
quality data on the European scale, followed byead-user executed downscaling
where the local end-user executes the CS Chemieasport Model over a specific
city, with improved emission input (see Fig. 2).



The CS air quality model is named MATCH, an Euleriaff-line chemistry-
transport model developed at SMHI. A comprehensiescription of the model
structure, boundary layer parameterization and e scheme etc. is given in [13].
The photochemical scheme, based on [14] contamsndr 70 chemical species and
around 130 chemical reactions. It is detailed B] jhich also includes an evaluation
of the isoprene chemistry. MATCH'’s ability to resdically simulate air quality over
Europe is discussed in a number of studies e.g171863,19,20].

At least during the first phase of SUDPLAN, MATCHIMWbe driven by climate
scenarios from the Rosshy Centre regional climaselehRCA. A number of such
applications have been published [21,22,23,24]

The first set of European air quality simulatiomsll utilize one of the
representative concentration pathways [25] to descthe evolution of tracer
emission over the European continent during thesesre century. For the urban
downscaling in pilot cities, locally provided enimss data will be used.

2.2.5 Communication services supporting Common Services

The communication layer between the clients (opggahe Scenario Management
System web interface) and the Common Services imeishble to deal with both
model execution as well as data transfer in bathctipns. SUDPLAN has the goal to
use standardized OGC services, this to assurenthatmodels — both in Common
Services and in local city pilot applications - bk easy to connect to the core of
SUDPLAN, the SMS system. The Sensor Planning Ser(&°S) will be the first
option for model execution in SUDPLAN. Access te tfesults requires a generic
interface in order to enable clients (SMS) to asaesults in a unified way. For this
purpose two standardized web service interface® Hmen positively evaluated.
Depending on the data type and organisation thed@dbbservation Service (SOS)
and Web Coverage Service (WCS) shall be used. WALiStnatively also Web
Feature Service (WFS) and Web Map Service (WMS), vé used where results
(grid, polygons, layers) shall be presented on p.ma

3 Pilot specific applications

The usefulness of SUDPLAN tools will be demonstiatefour pilots. Stockholm
will focus on air quality, where Common Servicedlvaillow the assessment of
different city projections, under different climaseenarios. The other contribution
will be the improved visualization possibilities cémbined high resolution 3D and
street canyon model output.

In Wuppertal storm water flooding is already a mgpooblem, this due to the
city’s location in the steep, narrow and long waltd the Wupper river. SUDPLAN
will help to assess both the damages that may lmsedaby flooding and the
effectiveness of different planning options, thusviding decision support to the
planners. Moreover the Scenario Management Systdmprevide the means to
visualize the results in advanced 2D-, 3D- and éprgsentations — as a basis for
discussions with the concerned property owners.



The Linz pilot will develop planning tools for dimsioning of water sewer system,
to mitigate future spill behaviour of combined sevewerflows (CSO). Also here
storm water flooding is the problem, as hydrauliitations of the waste water
treatment plants will imply a discharge of pollutegters, either directly into the
Danube river or to reservoirs for temporal storaggough the use of a novel sensor
network and model simulations, these combined seweerflows and the
sedimentation efficiency of the treatment planth aé¢ assessed. Projections into the
future will be possible through the Common Servigestipitation scenarios.

The Czech pilot focuses the Prague region and hoserged migration patterns
correlate to environmental pressures. The hypahési be evaluated with the
SUDPLAN tool is that a deteriorated air quality tdsutes significantly to an
increased migration from the city to suburbs omedpt areas. This is consequential
because due to climate change an even more dedreageonmental quality can be
expected, with consequences on how the Prague aapubwill live, commute and
work in the future.

4 Conclusions

The SUDPLAN project is expected to generate resfdtsthe ICT and the
environmental scientific communities, as well as émd-users represented by city
planners.

The SUDPLAN communication and service infrastruetwill be rely on standards
and specifications of OGC. The web-based scenaramagement environment
providing advanced modelling services to suppcetpltanning and decision making
process has the ambition to be compliant with Egsinfrastructures supporting the
emerging SISE (Single Information Space in Eurome fhe Environment).
SUDPLAN Common Services will provide a number difngte scenarios from global
climate models, downscaled first to the regionalur{fpe) scale and further
downscaled to the urban scale. The downscaling pitlvide “best possible”
estimates of future precipitation, temperature rblabical and air quality.

The end-users of the SUDPLAN services are city qpas who can either work
directly in the system or they can benefit from SRUBN tools through different
kinds of scientific users — IT, environmental maele, statisticians etc. Through the
use of SUDPLAN results end-users will be able taleate risk hazards of storm
water local runoff, river flooding and elevated aiollution levels for planned or
existing urban areas subject to a changing climate.
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