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1. Management summary

The SUDPLAN project is built up in an iterative fig@n. The project has three iteration cycles
which consist of specification, design, implemeiotat test and validation. This document, the
Pilot Definition Plan V3(D6.1.3, defines the objectives (plans and expected outspuiethe
Wuppertal Pilot in the course of th& $ear of the project.

For every software development process it is cftuciainderstand the user requirements and
their background in order to be able to build aeyswhich meets the user needs as good as
possible. The document includes a detailed desmniptf the actual users and explains the
relevant decision and planning processes. In teedescription particular attention is laid on the
different types of users and their characterist@s. better understanding of the user domain the
tasks which are necessary to fulfil the pilot obyexs will be analysed systematically and
structured in a formal way [Diaper, 2003]. Therefeach task is broken down into its sub tasks
until the necessary tasks are identified.

Another important part of the document is the desigd specification of use cases [Cockburn,
2000], which describe the expected behaviour andtionality from the users’ point of view.
Based on these use cases we are then able toteyiséam requirements and to specify them in
more general and technical oriented terms in Rleguirements Specificatiof3.1.i). These
requirements define the boundaries of the futurgtesy and are the base for the technical
specification and design.
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2. Pilot Definition

This chapter describes the main pilot objectives laow the pilot takes the relevant effects of
future climate changes into account. Particularleass will be laid on the usage of theenario
Management System SM&P3) and how the SMS will support the city of Videptal in its
efforts. A connection to the technical challengesppsed in the call of the framework program
will be established and pilot considerations wilbe/ how these will be addressed in this pilot
site.

An overview of the technical infrastructure in Weptal will be given which includes web
services, data stores and models of potential @stefor the SMS development and the
integration in the Wuppertal pilot site. Currentoeffs, considerations and constraints regarding
the establishment of a water surface run-off mddelthe region of Wuppertal are explained.
The expectations and plans of relev@ammon Serviceshich have been implemented in the
scope of the SUDPLAN project will be described. Thapter concludes with an explanation of
the activities Wuppertal has to perform and a tedaview of the decisions in which users or
responsible persons in Wuppertal have to be suggdrt the scenario management system.

2.1. Main Pilot Objectives

The city of Wuppertal, a town with approximatelyO3800 residents, is the biggest town in
Germany that is situated in hill country (from @8353 m above mean sea level). It is located in
the steep, narrow, and long valley of the WuppesrriThere are several creeks on both sides of
this valley that open into the storm water sewagesn before they finally end in the Wupper.
During a heavy rainfall event the city’s storm watewage system is quickly blocked by those
swollen creeks causing the precipitation to rurmrffthe surface. The storm water run-off may
thereby affect valuable public infrastructure amgie property. This is a major concern to the
city managers. Due to the complex geography itosmetely unpredictable where a heavy
rainfall event might occur and therefore unknowrethier there will be flooding and where it
will runoff.

Up to now the mid- and long-term planning of therst water sewage system has been
accomplished with iterative model runs of a hydgidal model (for the creeks) and a
hydrodynamical model (for the sewage system). Tipkanning process is called
‘Generalentwasserungsplanung’ (GEP), what coulttdreslated as ‘General Drainage Strategy’.
Wuppertal’s first main objective is expand the GEP the modelling of surface run-off after
heavy rainfall events should be integrated into {m®cess. To achieve this goal, a
hydrodynamical model should be useddttect the critical spots(high risk of flooding plus
valuable and vulnerable facilities). This is theam®l main objective.

Wuppertal’s third main objective is tmitigate the risk of flooding for the detected critical
spots. The traditional strategies to achieve thesegther the enlargement of the profiles of the
sewage system or the construction of retentionnsagbiven these two options the potential
needs for investments would be immense, considéniigthe city copes with water run-off from
350 kilometres of creeks (over 800 creek sectiarg) 650 kilometres of sewage channel
system. An alternative and much more cost-efficemtegy is to look for localised planning
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options which are likely to prevent damage. Exasde such structural measures are the
alteration of street profiles by means of higheadrderbs or the installation of stationary (or
mobile) walls. So Wuppertal’s fourth main objectigdofind the most cost-efficient measures
for the flood risk mitigation for each critical spot. These measures shall givhigher
probability to prevent damage and should yet betjwa to implement, including being capable
to cope with the ever growing financial constrainfsthe city. Please see (Arun, 2009) and
(Schanze, 2006) for more information on Flood n&knagement.

The fifth main objective is to provide the respdhsiplanners and hydrological modellers in
Wuppertal with a tool that enables them to simutataultitude of modelling experiments with
the model component for the surface run-off, botletect the critical spots and to simulate the
effects of different structural measures at thécali spots. The tool should be able to store the
parameters and results of such a model run andt@alise the results. The SUDPLAN project
should provide such a tool — tBeenarioManagement System (SMS)

2.2. Relevance with respect to Climate Change Issue s

Climate change is considered to have an increasipgct on the frequency and intensity of
heavy storm water events in Wuppertal. This makesecessary to include climate change
effects both in the long-term planning of the stamater sewage system and in the simulations
of surface run-off. To put it in a nutshell: Thednsity and duration of a rainfall event of a given
probability (e.g. one time in 30 years) is a crugarameter in every single modelling
experiment. If climate change is ignored in theseukations, the suggested structural measures
would possibly not be effective in the long run.

To include the climate change effects in the maakglexperiments the software that is used for
the definition of the parameters of such an expenitmeeds to be able to process information
concerning climate change. This means in the SUDNPpAoject that the Scenario Management
System must be able to communicate with the Com8amices responsible for the allocation

of future precipitation data.

Climate Change Issues Pilot Consideration
Heavy storm water events are (1) It is necessary to include climate change effacts i
considered to happenore oftenin the the long term planning processes (in particular the
future due to climate change. GEP).

(2) The Scenario Management System must be able to
communicate with the Common Services to get the
predicted precipitation data (with consideration of
climate change).
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2.3. Relevance with respect to ICT objectives of th e proposal

Objective ICT-2009.6.4 ICT for Environmental Services and Climate Change Adaptation
Target Outcomes

a) ICT for a better adaptation to climate change

Easy-to-use, web-based systems for better prepaseddecision support and mitigation of climatengiea
impact on population, utilities and infrastructur8pecial emphasis is on scenario-based predict@mage
assessment, planning and training, 3D/4D modelBimgulation and visualisation, as well as senstnoeks.
Integrated solutions shall be validated in the nrbantext including for natural disasters, takioly #dvantage
of recent advances in miniaturisation of sensonglgss communications and increased computatiorepo
and data storage capacity.

The outcome of the Wuppertal pilot is expected ¢oah easy-to-use, web-based system using
many environmental web services. It will be useduto multiple scenario-based simulations and
to visualise the results in 2D-, 3D- and 4D-repnégttons. The system will use a hydrodynamic
modelling component that simulates the whole spatiporal progression of a heavy storm
water event and the corresponding run-off in theag® system and on the surface.

The system will help the responsible planners sess damages that may be caused by flooding
generated by heavy storm water events, that aeéyltk happen more often in the future due to
climate change. It will also enable them to assles®ffectiveness of different planning options
to mitigate the impact of such events on populatiofrastructure and utilities. In this way the
system will provide decision support to the plasnand will help them to discover the most
cost-efficient planning options.

It is intended to run the system on mobile computier on-site visualisations, thus taking
advantage of the recent advances in wireless congation. This enables the planners to
discuss different scenarios and planning optiorik thie concerned property owners on-site.

ICT Objective Pilot Consideration
ICT for a better adaptation to | (1) The Wuppertal pilot will be an easy-to-use, web
climate change based system for running scenario-based simulations
including 2D-, 3D- and 4D-visualisations of their
results.

(2) The system will help planners to assess damagg
caused by climate change driven heavy storm wate
events and to find both effective and cost-effitien
measures to mitigate the flood risk.

D

=

=

(3) The system will be available on mobile compsite
for on-site visualisations.
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2.4. Local models and data sources used

The Wuppertal pilot is a very good example for tised of a distributed yet integrated single
information space for the environment. The requideda and services span over different
autonomous organizations. For water planning anchagement purposes the three main
organizations for the given problem are

» The City of Wuppertal (http://www.wuppertal.dg in particular the Koordinierungs-
stelle Stadtentwasserung(KST). The KST has to care for a cost-efficient maiatere
and development of the storm water and the wasterwawage system (policy-maker).

* The Wuppertaler Stadtwerke (WSW) (http://www.wsw-online.de This public utility
company operates the sewage systems for the Cityugdpertal based on a contract
between the two organizations.

» The Wupperverband (WV) (http://www.wupperverband.jleis a water body
management organization. It manages the open rigacs creeks of the Wupper
catchment of 813 km2 on behalf of its members. Agsbthem there are cities, counties,
public utility companies and public real estate anitity owners (e.g. traffic utilities)
affected by the Wupper catchment. The WV also dpsréawelve dams and eleven
wastewater treatment plants in the Wupper catchment

If the scope is extended towards the reaction toahdlood events, the above list of involved
organizations has to be extended with institutsunsh as police, fire brigades, public works and
so forth.

The currently existing data sources are spreaddmivhese different organizations, in the area
of water management mainly between the City of Wugh WSW and WV. The most
important data sources are described in the foligWist.

» WV is operating adatabase for the stream networkthat covers its whole area of
responsibility. The City of Wuppertal has its owatabase that is more detailed but will
not be updated any longer (data has already bestedaover to WV). The geometrical
representation of the streams and creeks is tlespective centre line that has been
digitised from maps in the scale of 1:5000 thus RD data. The streams are sub-divided
into segments with homogeneous properties sucleaslapment condition (e.g. open,
piped) and adjacent land use (e.g. forest, gragslarhe both databases contain an
assessment of the ecomorphological quality (Gerri&tnukturgttekartierung’) and the
locations of transverse structures (German: ‘Queseake’). Both databases are used
and updated with Geographic Information Systems@A$ applications).

» A database of the drainage systems maintained by WSW. The geometrical
representation of the pipes is their respectivdredime. The manholes are represented
by their outline and the position of the cover. T¢wordinates come from terrestrial
surveys so they are quite accurate and best vievgadher with the large scale cadastral
map. Heights are available as attributes for tlerflevel of the foundation of each
manhole and for the respective cover. At the tird®BLAN started this database was
used and updated with the GIS application KANDISsdah on the GIS software
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SICAD/open. In November 2010 the KANDIS data wagnatied towards a new system
called novaKANDIS which is based on ArcGIS.

* The City of Wuppertal has established a high quapgatial data infrastructure (SDI),
consisting of Web Map Services (WMS) and Web Featservices (WFS). It offers
multidisciplinary data covering the topics landay register, orthoimagery, topography,
urban planning, environmental protection, traffitiities etc. A substantial part of this
SDI service is publicly available as WMS at

http://geoportal.wuppertal.de:8083/deegree/wms?RE®IFGetCapabilities&SERVIC
E=WMS&

« The City of Wuppertal runs an integrated informatimanagement platform called
Wuppertal Navigation and Data Management SystemNB&) which is a service
oriented platform linking the SDI with city dataless sensors, web cams and other
diverse data sources; this platform is based orcitthe platform of SUDPLAN partner
cismet GmbH.

« The WV has its own SDI that is also publicly avhitaat

http://fluggs.wupperverband.de/wmsconnector/comvasis.Esrimap/WV WMS?VERS
ION=1.1.1&SERVICE=WMS&REQUEST=GetCapabilities&

The WSW is using the software products FLUT and BYHNy the German consortium
tandler.com GmbH/Pecher Software GmbH. These amgpoonents for ++SYSTEMS, a GIS
with subject-specific modules for all aspects o ttewerage domain. FLUT implements a
hydrological model and is used for the dimensionoignew sewage systems parts. DYNA
implements a hydrodynamic model and is used for wleak-point analysis of the sewage
systems.

In the course of the SUDPLAN project (Q3 2010) W8W procured GeoCPM, another module
for ++SYSTEMS. GeoCPM is a model component forhigdrodynamic simulation of surface

run-off. It is possible to perform combined modahs with DYNA and GeoCPM to consider the
interaction between the surface run-off and theafiimn the sewers. The City of Wuppertal has
access to FLUT, DYNA and GeoCPM and is able toowm simulations, to rerun the WSW

simulations and to check the results. ThereforeGBd is used as the local model for the
surface run-off in the Wuppertal pilot.

The WV uses the software NASIM, manufactured by die GmbH, to perform rainfall run-
off simulations.

There is a close cooperation between WV and WSWiatters pertaining to modelling because
the most creeks in Wuppertal end up in the storrtemwsewage system. This means that the
WSW modellers need results of WV's rainfall run-effnulations — hydrographs for each point

where the piped segments begin— as input to tlveir model runs. These hydrographs can be
seen as additional sources of water that are mhidad in WSW’s models. On the other hand
the WV modellers have to include the piped segmehtke creeks into their own model runs.

That is why they need the inflows into the pipedetts that come from other parts of the storm
water sewage system. WSW and WV run their modelis thie same precipitation patterns and
exchange the results in an iterative process tii@imodel outputs converge.
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With the availability of GeoCPM the WSW introducdte modelling of surface run-off as a
regular yet optional part of the GEP process (dfOR

A crucial parameter for the modelling of surface-nif is an optimised digital elevation model
(DEM) represented in the form of a triangulatedegular network (TIN), the so-called
‘calculation model'. To achieve the required accyraf this TIN it is necessary to generate it
from high resolution airborne laser scan data &g This data is available for the whole area
of Wuppertal with the following characteristics:

e produced by: GEObasis.nrw with co-financing fromtyCof Wuppertal (for higher
resolution)

* measurement date: December 2008 and January 2009
e spatial resolution: 4 points per square meter
* datasets (text format):
o Digital Surface Model generated from first pulsgis&ration of the laser scanner

o Digital Terrain Model generated from last pulseis&gtion of the laser scanner:
man-made objects (buildings, cars) are removed ftbm dataset and the
resulting gaps are filled with interpolated 3D-gsin

To enhance the calculation model it is helpful itrdduce additional high accuracy data; in
particular for the artificial breaklines like th&terior walls of buildings and the road kerbs. This
information can be extracted from the municipafity’ ‘Digitale Liegenschafts-
karte / Stadtgrundkarte Wuppertal’ (DSGK-W), a 2Bdastral map that contains additional
topographic objects:

e The boundaries of the buildings are labelled wipacific code. Hence they can easily
be exported from the DSGK-W in well-established graphic data formats like ESRI
shape-files or DXF.

» The road kerbs are labelled as ‘topographic bouesiarvith a more generic code. It will
take some work to separate them from other topdggdmundaries and to export them
from the DSGK-W.

Wuppertal is involved in the project ‘Kritische tastruktur, Bevdlkerung und
Bevolkerungsschutz im Kontext klimabeeinflusstertrEmwetterereignisse’(KIBEX) that is
managed by the United Nations University — Institédr Environment and Human Security
(UNU-EHS). An important research partner organaatin this project is the ‘Deutsches
Zentrum fur Luft- und Raumfahrttechnik’ (DLR). Opnéthe main goals of the KIBEX project is

to identify the classes of facilities that are magiherable to storm water flooding, focussing on
drinking water supply and the power supply syst€éhe DLR will analyse the above mentioned
laser scan data and other remote sensing datsdoveéir depressed areas. In a second step they
will use GIS filter techniques to identify the depsed areas where vulnerable facilities are
located. The expected outcome for Wuppertal istasgé of depressed areas together with a first

! Critical Infrastructure, Population and Civil Peotion in the context of Climate Change Induceddxe Weather
Events
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assessment of the damage that could be causedéary flooding. Wuppertal intends to use this
data as input for the prioritization of the catcminareas in the GEP process.

2.5. Main deficiencies

At the start of the project the main deficiency wWas lack of any systematic knowledge about
the critical spots with regard to flooding afteralkig storm water events. Unfortunately, the
existing experiential knowledge was not sufficiartthe planning processes. Wuppertal intends
to gain the required knowledge in the forthcomimgng particularly by its participation in the
KIBEX and the SUDPLAN project.

In addition, there is a general deficiency in ustiEnrding the dynamic processes of floods
triggered by heavy storm water events. Wuppertpkets to get a deeper understanding of this
by running a multitude of modelling experimentshwihe combined model component for the
sewer system and the surface run-off, both forediffit catchment areas and with different
precipitation patterns.

Through the project results (availability of modalhd application-infrastructure) that enable
‘what-if’ scenarios Wuppertal will be able to gdive necessary knowledge for a sound planning
process.
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2.6. Common Services Used

The Wuppertal pilot will use both flavours of pneitation Common Services (CS) that will be
established by SMHI to simulate intense short-temmfall under the predicted future climatic
conditions:

* Intense rainfall: Urban downscaling both with ID&rees and time series as input
* Intense rainfall: Design storm generator

In Figure 1 the detailed concept for the integratiof the CS ‘Intense rainfall: Urban
downscaling’ is depicted for the variation where @S takes long time rain series as input.

As mentioned in chaptétel! Hittar inte referenskalla. it is crucial for the modelling of surface
run-off to consider the effects of climate change precipitation patterns. To use the urban
downscaling service it is necessary to provideohisal high resolution precipitation data. This
data is available for two gauging stations in Wufade

* Wastewater treatment plant Buchenhofen in the wegpart of Wuppertal, keeping
records since January 1960, operated by Wupperverband

* Wastewater treatment plant Schwelm close to théeeasoundary of Wuppertal,
keeping records since Novemb@&f 2970, operated by Wupperverband

There are various other gauging stations in Wuphpebut they were put into operation much
later. Therefore the two stations with long-terroarels are considered to be the most valuable
input for the urban downscaling service.

If the urban downscaling service is used with IRFves there are two ways to provide the
required input data. The first is to use a publisbatalogue of IDF-curves, created by statistical
analysis of historical precipitation data. For Gany the most prominent data source of this kind
is the KOSTRA Atlas (KOSTRA-DWD-2000). The second way is to carneplocal IDF-curves
from local long time rainfall series (extreme vasgiatistics).

Even though the current version of the local ma@ebCPM is only used with static (spatially
constant) rain events as input it is foreseenterd® year to experiment with the design storm
generator (Stormwater Generator). This service aaliver a grid of time variation curves for
the precipitation describing the spatiotemporalgpession of a synthetic storm water event for
present or future climate conditions. It will beedsto generate precipitation data for different
runs of the surface run-off model and to studyittileience of the direction a storm water event
takes. The combined model runs (DYNA and GeoCPM) ba carried out with spatially
variable rain events in the future (after the prtje

The following 2 charts visualise the overall ddtavfto include Common Service results in the
local model.

2 Koordinierte_Starkniederschlags-RegionalisieruAgswertungen, produced by Deutscher Wetterdienst
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INPUT - TABLE - LONG TIME RAIN SERIES (e.g.Station Buchenhofen)

INPUT - TABLE (E) - long time series

time step [min]
01.01.1960 00:00
01.01.1960 00:05
01.01.1960 0010 7
01.01.1960 00:15
01.01.1960 00:20
01.01.1960 00:25
01.01.1960 00:30
01.01.1960 00:35
01.01.1960 00:40
01.01.1960 00:45
01.01.1960 00:50
01.01.1960 00:55

mm

PR R T Gy 1 A T

OUTPUT - TABLE

time step [min]
01.01.1960 00:00 55
01.01.1960 00:05 55
01.01.1960 00:10 8
01.01.1960 00:15
01.01.1960 00:20
01.01.1960 00:25
01.01.1960 00:30
01.01.1960 00:35
01.01.1960 00:40
01.01.1960 00:45
01.01.1960 00:50

01.01.1960 00:55 1:05

Duration [min]

intensity)
Series with/without climate change
if with climate change select year

Definition (e.g. number of events with highest rain

INPUT - TABLE - Historic rainfall based on long time series with or without climate change effect

.

1 2 3
mm  mm  mm
date 1date 2date 3

time step [min]
starting date

Project: 247708
[(E) Single long time series (e.g. 40 years in 5 Minute fime interval)

_________ _—
Location: Wouppertal (e.g. selected via map) I,
i EEa Forecast year:  e.g. 2050 | i
- long time series with regional climate change effect, e.g. 2050 :.
locallong time series with '
climate change effect \ i
v |
Wuppertal pilot user interaction: :.
- graphical output of time series :,
-interactive selection of short time 1
series (single events) for model run ':
% Lo
3 L
with Vi
2050  (same as forecast) I
i
]

5 55 0 2
0 2 4
1

Lo}
o

Fe R R R =1

1

[T I e T X i I

~

11

select one event forlocal model run

(DYNA/ GeoCPM)

use of extreme value statistics of
inz pilot
generates local IDF-curves

[

iaccording to Euler Type |l from local
i IDF-curves is necessary

Fig. 1: Integration concept for CS ‘Intense rainfal: Urban downscaling’ (input: time series)
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INPUT - TABLE - Definition of Storm Type

|(A) Single Storm Event or (C) StormWaterGenerator or local IDF-Curves (with (D) /without (B) climate change effect)

INPUT - TABLE (A) - single storm water event (manual) INPUT - TABLE (B) - User specfic local IDF-table in mm
data source: local extrem value statistics or in Germany KOSTRA-DWD
time step mm Rain-Duration Return Period in years
5 B in minutes 1 2 3 5 10 20 30 50 100
10 5 D =5 min 59° 73 82 92[106] 121 129 140 154
15 75 D = 10 min 83 10,2 11,4 128| 14,7| 16,6 17,7 19,1 21,0
20 1 D = 15 min 98 12,0 13,2 149| 17,1 19,2 20,5 22,2 243
25 1 D = 20 min 10,8 13,2 14,6 16,3| 18,7| 21,1 225 243 26,7
30 1 D = 30 min 12,2 149 16,4 18,4| 21,1 23,8 253 27,3 30,0
35 1 D = 45 min 136 16,6 183 20,5| 23,5| 26,4 282 30,3 333
40 1 |:> D = 60 min 146 17,8 196 220 251 283 302 325 357
45 1
50 1 D = 90 min 17,3 20,6 22,5 249 282 315 334 358 391
55 1 D = 120 min 19,2 22,6 245 270 304 337 357 382 415
60 1 D = 180 min 219 254 27,4 300 334 369 389 415 449
Sum 26,5 D = 240 min 238 274 294 321 356 391 412 438 474
D = 360 min 26,5 30,2 323 350 387 423 445 472 50,8
D = 480 min 284 32,2 343 37,1 40,8 44,6 46,8 49,5 532

\

Location _______ ~Wuppeftal, coordinates, map®.
common services|™ |Forecast year: 2050 common services

INPUT - TABLE - StormWater Generator and "Climate Change effect"

-« T

OUTPUT - TABLE (C) - StormWater Generator e.g for Wuppertal, 2050 OUTPUT - TABLE (D) - IDF-Curves with regional climate change effect e.g. 2050
Rain-Duration  Return Period in years Rain-Duration Return Period in years

in minutes 1 2 3 5 100 20 30 50 100 in minutes 1 2 3 5 10 20 30 50 100
D =5 min 74 92 102 115 133 151 16,1 17,5 19,2 D=5min 76 94 105 11,8 136 155 16,5 17,9 19,7
D = 10 min 10,4 12,8 14,2 16,0 18,4 20,8 22,1 239 26,3 D=10min 10,7 13,1 146 16,4 188 21,3 22,7 245 27,0
D = 15 min 12,2 149 16,5 186 21,3 24,1 257 27,7 30,4 D=15min 125 153 170 19,0 21,8 24,7 263 28,4 31,2
D = 20 min 135 16,5 182 20,4 234 26,4 28,2 30,4 334 D=20min 13,8 16,9 18,7 20,9 240 27,1 289 31,1 34,2
D = 30 min 15,2 18,6 20,5 23,0 26,4 29,7 31,7 342 375 D=30min T S I
D = 45 min 1 41,6 D= 45min 1 local IDF-Table with climate change 4,7
D = 60 min 1 STORMWATER GENERATOR ' ,,'s 5= 6o min a effect 45,7
D = 90 min 21,6 257 28,1 31,1 352 39,3 41,7 448 489 D=90min 22,2 264 288 319 361 403 428 459 50,1

D = 120 min 24,0 282 30,7 338 380 422 446 47,7 51,9 D=120min 246 289 31,4 346 389 432 457 489 532
D = 180 min 27,4 31,7 343 37,5 41,8 46,1 48,7 51,9 56,2 D= 180 min 28,1 325 351 384 428 47,3 499 531 576
D = 240 min 29,8 34,2 368 40,1 445 489 51,5 54,8 59,2 D =240 min 30,5 351 37,7 41,1 456 50,2 52,8 56,2 60,7
D = 360 min 33,1 37,7 40,4 438 483 529 556 589 635 D=360min 34,0 38,7 41,4 449 495 542 57,0 60,4 651
D = 480 min 355 40,2 429 46,4 51,0 557 584 61,9 66,6 D=480min 36,4 412 44,0 475 523 57,1 59,9 634 682

P =SS Ll

INPUT - TABLE - Definition of Design Storm on Basis of Table (B) or (C) or (D)

Duration (min) 45
Return Period (Years) 10
Year (same as Forecast Year) 2050
TYPE: CONSTANT EULER-TYPE Il
CONSTANT EULER-TYPE Il
time step (min) mm time  mm
5 261 5 24
10 2,61 10 4,0
15 2,61 157 10,6
20 2,61 20 1,7
25 2,61 25 1.2
30 2,61 30 1,2
35 2,61 35 08
40 2,61 40 08
45 2,61 45 0,8
50 50
55 55
60 60
Sum 23,5 Sum 23,5
1 . 0
[DYnA/GeocPM] [DynarGeocPu]

Cell-description

User Input or Input via StormWaterGenerator

legend

data from Common Services e.g. StormWaterGenerator

Fig. 2 Integration concept for CS ‘Stormwater Geneator & IDF Curves: Urban downscaling’ (input: rain
event, IDF table)
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2.7. Planned Pilot Activities for the 1 > year

An important activity of Wuppertal besides the wates that are already scheduled in the
Description of Work (DoW) is the procurement ofat@ware product that implements a hydro
dynamic surface run-off model. Currently there tare products under discussion:

 GeoCPM, manufactured by the German consortium tandler.GonfbbH/Pecher AG. This
is a component for ++SYSTEMS, a GIS with subjedesiic modules for all aspects of
the sewerage domain.

« HYDRO_AS-2D, manufactured by ‘Ingenieurbiro Nujic’ and distriéd by Hydrotec
GmbH.

The City of Wuppertal favours GeoCPM, mainly be@atie ++SYSTEMS software is already
in use with the modules FLUT and DYNA. Both of thare in use in the municipality of
Wuppertal and at WSW (see 2.4). However, it is jpbsghat both products will be procured
since HYDRO_AS-2D has some features that are eniith requirements of the WV. To avoid
a severe delay of the pilot implementation thevgaffé procurement has to be completed until
the end of the "8 quarter 2010. HYDRO_AS-2D is not able to carry cainbined calculation of
the sewer system and the surface as it is necessaryst areas in the city Wuppertal.

The most complex parameter for the modelling ofas@ run-off is an optimised DEM, the so-
called ‘calculation model’. Both GeoCPM and HYDRG5-RD expect this in the form of a TIN.

It is important that the calculation model contaatEurate information about man-made break
lines. The most significant classes of such breaksl| are the exterior walls of buildings
(‘building break lines’) and road kerbs or simileartical structures (‘road kerb break lines’). The
properties of the terrain that have an influencahensurface run-off have to be included in the
calculation model as well, usually as attributeg@ath single triangle of the TIN. Examples for
such attributes are the run-off coefficient, théouity of evaporation and the potential volume of
infiltration.

A calculation model for Wuppertal can be generditech the existing high resolution aerial laser
scan data (see 2.4). But this cannot be accomglisha fully automatic manner. In fact the
process is a stepwise refinement of a first rougllehthat is automatically calculated from the
laser scan data. The refinement demands decisi@arsaxpert like

* introducing additional high accuracy data, e.gmfr8D terrestrial topographical surveys
or existing maps to enhance the model (this isqdatrly useful for the break lines)

* reducing the number of 3D-points in the laser stata to get larger triangles in the TIN
(this accelerates the computation of the later tiodeexperiments for the surface run-
off)

e adding additional interpolated 3D-points in theelascan data to get more evenly sized
and shaped triangles in the TIN (this accelerdiescomputation of the later modelling
experiments for the surface run-off as well)
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Hence it would be an extremely time-consuming t&slkestablish a calculation model for the

whole area of Wuppertal in a single run. To allowapid progress of the SUDPLAN project

Wuppertal intends to provide a separate calculatiodel for each catchment area. It is

necessary to design and implement a new businessg® for this work that will continue over

the whole duration of the SUDPLAN project. Nevehdss Wuppertal expects to establish a first
calculation model for the creek ‘Liintenbeck’ in t8& quarter 2010 that could be used as a
representative in the software development profesbe Wuppertal pilot.

With regard to the practical use of the SMS the Yautal pilot will largely focus on the
integration aspects of this tool innaulti-model, multi-data source, multi-SDI environment.
The main activities to make this happen are

* basic set up of the service infrastructure; thisveg will start from a high level as the
WuNDa system and two SDI’s are already in place &é)

» analysis of software structure and interfaces efgtocured products (see above, in the
following referred to as ‘model components’) andapping of the model components
into services which comply with open interfacess tincludes the definition of schema
for data exchange and model runs. It may also reqqame software redesign on part of
the model components

* integration of the model components into the serinérastructure

» definition of the business processes to be usddeipilot; definition of visualisation and
interaction metaphors. Implementation of thesermss processes and metaphors using
the SUDPLAN product

» definition and implementation of the different sagas to be studied in the different pilot
phases; set-up and implementation of the associatekiflows using the SUDPLAN
product

« validation with end users

2.8. Planned Pilot Activities for the 2 ™ year

In the first year of the project the main focudlsd Wuppertal pilot work was the selection of an
appropriate local model configuration and the pmn of an initial calculation model. The
focus of second year’s work is on integration. ©lrerall aim is to integrate the whole chain of
components involved in the Wuppertal pilot scenario
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Local Model
(Inundation)

Common

. Scenario
Services

Management
e Sewer Network

e Surface Run-off

e Rainfall System
e Storm Water

Fig. 3: Wuppertal application component chain

In addition advanced parameterization functioraditfior the local model have to be designed
and developed. The most complex parameter for taeiting of surface run-off is an optimised
DEM, the so-called ‘calculation model'. It is impant that the calculation model contains
accurate information about man-made breaklines.img significant classes of such breaklines
are the exterior walls of buildings (‘building bk#iaes’) and road kerbs or similar vertical
structures (‘road kerb breaklines’). The propertiéghe terrain that have an influence on the
surface run-off have to be included in the caleatatnodel as well, usually as attributes of each
single triangle of the TIN.

The work plan to meet the objectives of th&yar includes the following activities:

» A concrete concept for the communication with Comrservices (cf. 2.6) and the local
models needs to be established and implementes.iddludes

o the wrapping of the local model components (SerWeapping)

0 a customization of the local models with regarthi pilot requirements
(e.g. modification of the topographic model)

* A specialized instance of the SMS has to be depldyat

o0 integrates the local models DYNA and GeoCPM

0 enables users to change the model parameteridatgrraise road kerbs)
o provides a workflow support for the planning praces
0

enables users to include climate change informakioyugh the integration of
Common Services

0 supports appropriate visualization methods

After the 29 year activities the resulting Wuppertal applicatisill be a working prototype and
the basis for ¥ year validation. Advanced visualization (floodid®), enhanced workflow
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support, integration of design storm functionaltyl be part of the work to be performed in the
3 year.

2.9. Planned Pilot Activities for the 3 ™ year

The first year of the project consisted of prepamatctivities regarding the local model and the
underlying data requirements. In the second yeahefproject the focus was mainly on the
integration of common services and local model af§ as basic support of the identified use
cases and workflows on basis of the SMS. Our phanof the ' year is not restricted to what

can be done with available resources consideriegréimaining project time but we want to
outline the pilot vision to drive the developmenbgess as far as possible.

More data

Part of the % years work will be the integration and visualisatiof the sewer network in the
context of the pilot application. The additionafarmation will help to support the planning
process and provide the necessary overall context.

The combined model (DYNA+GeoCPM) for the test-cateht “Lintenbeck” will be adjusted
to new designed interfaces (e.g. artificial bregkedges) and final test model runs will be
carried out. A “test version” is available for alrther developments (e.g. WP3).

The modellers provided a test 3D-visualisation miyithe 2° year (Fig. 4) that can serve as basis
for a more sophisticated 3D/4D-visualisation witBidDPLAN.

Enhanced Use Case Support

A larger number of use cases will be supportedhyRilot Application. This will involve easier
handling of local models (parameterisation, visatlon, coupling) as well as the integration of
upcoming Common Service functionality (WP4).

Enhanced Visualisation

Another focus of the '8 year will be the development and deployment ofaaded features
regarding visualisation and parameterisation cdllmcodels (based on WP3 results).
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Fig. 4 ArcGis Based Flood Visualisation of a Wuppéal Site Fig. 5 GEP Catchment Areas (2D Shape)

Regarding the visualisatiaf local model results this includes:
= Dynamic (over time) 2D result visualisation on thap
» Predefined 3D visualisation trajectories

= fully interactive visualisation (3D scene navigabids desirable but not
mandatory for the fulfilment of the pilot requirems

Enhanced Model Parameterization

The implementation plan for the second year inaudee possibility to modify the TIN
predefined breaklines only. Based on the existiegetbpment we aim e.g. at the possibility to
change height of street levels and to add new bnesk

Mobile Application Support

In addition the vision contains support of mobifga to support visits to property owners on
sight, as a first step on sight GPS coordinatesbeansed to determine possible water levels
more advanced visualisation features e.g. 4D aromstin a likely scenario can be used to
convince proprietors of necessary measures.
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Fig. 6 SUDPLAN IPad Teaser

Augmented reality functionality may be of help da@s well but this is clearly out of the focus
and scope of the project objectives.

2.10. Decisions/Analyses to be supported by the DSS

The Wuppertal pilot will allow an analyst to predareas of urban flooding within the City of
Wuppertal for two purposes.

The first is to be able to inform property owneb®at possible risks threatening their low-lying
assets (‘Flood Risk Assessment’). For examplepttxger of a commercial building that contains
telecommunications equipment in the cellar mighinbermed that in the future his assets might
be under increasing risk of inundation and deswuoctThis will give him an opportunity to
undertake changes to protect this equipment frazh s8ks.

The second purpose is to consider possible albasathat might reduce the risk of damage due
to flooding (‘Flood Risk Mitigation’). In this casthere might be infrastructure changes which
could be planned to prevent damage anticipatecheyfitst analysis. For example, road kerbs
might be raised, barrier walls could be erected,stmrm water drainage basins might be
constructed. Obviously this implies the involvemehimore than one department of the urban
administration, e.g. the town planning service,gbblic works service or the parks and gardens
department.

These two purposes correspond to two optional stefige overall planning process of the GEP
that is shown in Fig. 7. They are only carried foutcritical spots, where the previous mandatory
steps have indicated a high risk of inundation aluable private or public property. These
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mandatory steps comprise the sewer simulatiormplsiflow path analysis by means of the D8-
method and an on-site inspection for risk assessment.

Both the Flood Risk Assessment and the Flood RiglgMion are relevant for the protection of

private and public property from damage due to mrh@oding during storm events. The tasks
will be described in more detail in chapter 4. \@hihe primary concern regarding flood events
is short-term (e.g. 5 years in the future), theralso interest in the long-term effects of climate
change to be able to take sustainable measures.

Setup model of sewer system and
Sewer simulation

Simple flow path analysis of
surface run-off (D8-method)

On-site risk assessment

Optional: Hydrodynamic modelling of
surface run-off

Optional: assessment of precautionary
measures against inundation

Fig. 7: Overall planning process of GEP (general wetewater management planning)

2.11. Expected Added Value

The following added values are expected for thg itWuppertal:

* An operational DSS for the storm water managemaeiitbge available for both (1)
planners at WSW and WV and (2) in the municipalitiis will support the co-operation
of the three organizations and will help them teniafy the most cost-efficient planning
options for flood risk mitigation in Wuppertal. TH2SS will make use of the recently
established high resolution 3D data for Wuppetftalill enable the user to explore what-
if scenarios with modified topographic structuresad kerbs, walls etc.).

« The SMS will enable the City of Wuppertal to deyelapplications similar to the
Wuppertal pilot in a quick and cost-efficient w&uch applications may or may not use
the SUDPLAN Common Services.

® The well-known D8 algorithm is the most commonlyed method for approximating flow directions on a
topographic surface
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 SUDPLAN will provide new generic components for Vpeptal’'s SDI and the WuNDa
platform. These components will comprise servieegy( services for access control and
security) and application components (e. g. for\@§ualisation). The new components

will offer further application options for Wuppelta SDI and WuNDa and thus will
intensify the use of the existing spatial data.
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3. Users

The following chapter describes the different ugpes of the Wuppertal pilot application.
The users are categorized as follows:

1. Primary User —is working directly with the system

2. Secondary User — might use the system with the dfedpprimary user

3. Tertiary User — will not directly work with the ggsn, but will use results produced by
the system

Every user type is characterised with a short exgtlan which focuses on the intended usage of
the Wuppertal pilot application. Particular emphasi laid on the technical background of the
different user types to be able to consider the dwractor in the design and development
process. For instance, a modelling expert withrangt background in information technology
who is comfortable with complex modelling programsuld certainly expect other functionality
and complexity of the system than a clerk whose&dpaeind is mostly in standard applications
like office and reporting tools.

3.1. Primary Users

There are two types of users who will make regatat direct use of the Wuppertal Pilot system:
Storm Water Managers and System Administrators.

3.1.1 Storm Water Manager

Wuppertal’'s storm water managers are hydrologicaldetiers employed by the City of
Wuppertal, the Wuppertaler Stadtwerke (WSW) and WNepperverband (WV). These
individuals are very comfortable with computers. rAsdellers they will want to interact with
the local models used in the pilot and they mayetsame familiarity with precipitation models.
However, they will likely have little to no expeniee with climate models. They may or may not
have sophisticated GIS experience. The followingletegives an overview on the expected
number of storm water managers who will use the péugal pilot application:

Number of Storm

Organization Scope of Business Water Managers

City of Wuppertal ‘Koordinierungsstelle Stadtentwasserung’: 2
responsible for cost-efficient maintenance and
development of sewage system (policy-maker)

Wuppertaler GEP (general wastewater management 3
Stadtwerke (WSW) | planning) cf. Fig. 7 for process description

Wupperverband Flood protection and prevention for the 3
(WV) not-piped sections of Wuppertal's streams
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The approach these users take to the analysis @asksoned involves distributed collaborative
analysis. While the City of Wuppertal is generdhg lead agency there is close interaction with
the other two organizations. For most of theseauger German language is required.

3.1.2 System Administrator

The System Administrator for the Wuppertal pilotlwe a City of Wuppertal staff member who

is very comfortable with computers, computer neksprand software installation. He is a
sophisticated GIS user who is comfortable instgllimd configuring both spatial and non-spatial
databases. In general he has no expert knowledgediag climate, precipitation or urban run-

off modelling.

3.2. Secondary Users

There are two types of secondary users envisiooiethé Wuppertal pilot, namely the property
owners whose assets might be endangered by floodimdy urban planners from other
departments of the municipality.

3.2.1 Property Owners

Property owners in Wuppertal will be shown resblgsthe modellers and may interact with the

system together to engage in “what if” scenariciees. They may or may not have technical
backgrounds and likely have none. In general, tleen@n language will be required. The

operators of endangered facilities have the samfiigoas the property owners, hence they are
subsumed under this type.

3.2.2 Urban Planners

Urban planners of other departments of the urbamra@dtration appear as users when the details
(technical feasibility, restrictions, costs) of thnning options that have been simulated with
the Wuppertal pilot application have to be discdsShey may come from a large variety of
neighbouring disciplines as shown in the followitadple. Actually, there are more planners
involved working for cooperating organizations i ffield of urban drainage.

Department Organizational Unit in Approx. Number of
P Wuppertal Municipality Involved Persons
Town Planning Service 101 Stadtentwicklung und 12
Stadtebau
Land Registry Office 102 Vermessung, Katasteramt 2
und geodaten
Parks and Gardens 103 Grunflachen und Forsten 6
Department
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Organizational Unit in Approx. Number of
Department Wuppertal Municipality Involved Persons
Public Works Service 104.2 Stral3enbau 14
(road construction)
Building Regulatory Agency |105.1 Bauleitplanung 10
(urban land use planning)
Office for the Environment 106.11 Landschaftsplanung 8
(landscape planning) und -pflege, Untere

Landschaftsbehorde
Office for the Environment 106.29 Wasser, Gewasser, 5
(water authority) Untere Wasserbehorde
Fire Brigade / 304 Feuerwehr 4
Emergency Management

Total: 61

Cooperating Organizations

Public utilities Wouppertaler Stadtwerke 9
(WSW)
Water Board Wupperverband 5
Water Board Bergisch-Rheinischer 2
Wasserverband
Total: 15

Members of these departments and cooperating aa@#omns are supposed to take part in round
tables discussions about the proposed planningrptivhere ad hoc visualisations of the
simulation results will be useful.

It is possible that some of these users will evahie primary users in the course of time since
they are familiar with G1S-systems and may wanwvtok with the Wuppertal pilot visualisations
independent from the storm water managers.

3.3. Tertiary Users

There are two types of tertiary users of the Wugpgailot: city politicians/managers and the
general public. Both of these will interact withetlystem only in the sense that they will be
shown results or reports whose content was prodogelde system.
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3.3.1 City Politician/Manager

The politician/manager will be the recipient of oejs generated by primary users of the pilot
system. While the content of these reports wilpamt come from the system, other content and
formatting will generally be the product of oth@wls. The politician/manager is generally
assumed to have little to no technical traininggmowledge, but will be familiar with the general
issues of urban flooding and property protectiam.general, the German language will be
required.

3.3.2 General Citizen

The general citizen of Wuppertal may be providethwnformation resulting from sessions
conducted with the Wuppertal pilot, perhaps thropgblication on the city’s web site. While
the content of these publications will in part cofmen the system, other content and formatting
will generally be the product of other tools. Thengral citizen is assumed to have no technical
training or knowledge, and they may be only sligtiimiliar with the general issues of urban
flooding and property protection. In general, ther@an language will be required.

3.4. Other Stakeholders

For the Wuppertal Pilot Application no other statdelers have been identified.
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4. Tasks and Task Analysis

This chapter is dedicated to the tasks which evisbwa the Wuppertal objectives. Specific tasks
of the Wuppertal application users are describedhm structured form of the identified
workflows. Each task is broken down into its susksauntil the necessary granularity of task
description is obtained. The results of the tas&lyamms will enable the technical partners to
swiftly understand the domain context of the pdotl to take the implicated requirements for the
design of the scenario management system into atcbar more information on task analysis
please refer to (Diaper, 2003) and (Redish, 1998).

4.1. Flood Risk Assessment

The Flood Risk Assessment (FRA) task identifiesldzation of likely flooding so that property
owners can be warned. This will be achieved by ingneimulations of heavy rainfall events

for each catchment area. The limitation of modelsriio single catchment areas is necessary
because it is not achievable to provide a sophistt calculation model of Wuppertal’'s
complete surface in a moderate time. Therefore evipus subtask appears, namely the
determination of an optimal order that the catchna@aas are analysed and processed in. This
catchment area prioritisation will be done with a purely geometrical analysistoé lower
areas in each catchment area and an assessmeminefable facilities inside of these areas.
After the simulations for a single catchment araaehbeen computed and validated it is possible
to analyse the run-off behaviourin the course of urban flooding and to precisetentify the
potential flood risk areas and the endangered property and facilities. Ases@ngnificant
structures of buildings (stairways, funnels eted aot included in the calculation models, the
on-site inspection of a flood risk areaor endangered infrastructure is always necessary t
finalise the assessment. The on-site inspectitypisally done together with the property owner
and / or the operator of the affected infrastruetdris allows the planners to get access to the
interior of the building and to discuss differetdrming options with the concerned people.
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T.1 Flood Risk
Assessment

T1.1.1.1
T.1.1.1 Catchment Area Topographical Basin T.1.1.1.1.1 Calculate
Risk Assessment Risk Assessment Topographical Basins

T.1.1.2 Adjust Catchment
Priorities with Stakeholder

T.1.1.1.1.2 Identifiy
Topographical
Basin Infrastructure

T.1.1 Catchment Area T.1.2.1.1 Design Digital
Prioritisation Surface Model
T.1.2.1 Hydrological
Surface Runoff Model
Implementation
T.1.2 Simulation of T.1.2.2 Simulate T.1.2.1.2 Validation of
Heavy Rainfall Events Present Heavy Water Runoff Model

Rainfall Scenarios

T.1.2.3 Simulate
Future Heavy
Rainfall Scenarios
T.1.3 Validate Simulation Results

T.1.4 Analyse Runoff Behaviour

T.1.5 Identify Potential Flood Risk Areas

T.1.6 Identify endangered Properties and Property Owner

T.1.7 On-site Inspection of Flood Risk Area

Fig. 8 Flood Risk Assessment Task Overview

Task

1.1 Catchment Area Prioritisation

Description

The flood risk assessment for the area of Wuppetah enormous task a
requires substantial amount of work to achieveortiter to assure that the m

critical areas regarding the probable impact ofrrstavater flooding are

assessed prior to less risky areas, an orderiigeo$ingle catchment areas is

indispensable. The catchment areas will be evaluéte the risk of the
containing basins and the critical infrastructurggsng therein. The

prioritisation allows the flood risk assessmentlé catchment areas one

one and therefore assures that the most critieasawill be addressed first|i

the flood risk assessment process and first restlltbe achieved early.

Actor

Storm Water Manager

Goal

Establish prioritisation after which the catchmanta flood risk assessment

will be processed.

Input

Catchment area risk assessment

Output

Refined list of catchment areas sorted descendiogrding to their priority

Components

N/A
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Constraints N/A

Task 1.1.1 Catchment Area Risk Assessment

Description In this task the risk level of the single catchmargas will be determined. |n
order to be able to do this the single basin rskels have to be assessed.
Based on the risk level of the containing basires dkierall risk level for the
catchment area can be calculated.

Actor Storm water Manager

Goal Determine the risk level of the catchment area#/oppertal

Input Basin Risk Assessment

Output Catchment area risk assessment

Components N/A

Constraints N/A

Task 1.1.1.1 Topographical Basin Risk Assessment

Description In order to be able to judge the importance of da¢chment areas the
topographical basins of Wuppertal have to be catedl and evaluated
regarding the critical infrastructure and possibipacts on the surroundings|in
case of a storm water flooding of the basins. Taleutated basins will be
analysed regarding the infrastructure like hospjtglower lines, telephone
network etc. they contain and the possible impathé population in case off a
storm flood. Basins which do not posses such ptiggewill be sorted out in
this process.

Actor UNU, DLR

Goal Assess the implications of heavy rainfall events éwery depressed arga
containing critical infrastructure and evaluatioh pmssible effects resulting
from such events.

Input Identified basins and containing infrastructure

Output Basin Risk Assessment

Components N/A

Constraints The risk assessment will be done by the UNU andOihR in the KIBEX
project. The Wuppertal municipality plans to use thsults for the catchment
area prioritisation. If the assessment informatbrhe depressed areas prove
to be insufficient for the prioritisation of thetchment areas the municipality

plans to further refine the assessment.
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Task 1.1.1.1.1 Calculate Topographical Basins

Description Identify and calculate topological depressed afgasins) in the catchment
area where the water will potentially collect dgriheavy rainfall events. A
basin is a landform sunken or depressed below tin@wnding area. The
depression will be calculated with the aid of aitdigelevation model (DEM).
This process is a onetime task; after the deprem®eas are identified they will
hardly change.

Actor Storm Water Manager, DLR

Goal Identify all topological depressed areas in the Yastal region

Input DEM

Output The exact location and dimensions of the diffelsadins

Components N/A

Constraints The calculation of the basins will be done by tHeRDn the KIBEX project

Task 1.1.1.1.2 Identify Topographical Basin Infrastructure

Description The calculated basins can be used to identifycalitinfrastructures which
could be subject to severe damage during the exfemtstorm flood. Critical
infrastructure, such as hospitals, power networtdephone networks,
transportation or security services etc., will dentified for later detailed risk
assessment.

Actor Storm Water Manager, DLR, UNU

Goal Identification of critical infrastructures

Input Calculated topographical basins, infrastructureormiation and location
(cadastral map etc.)

Output Geospatial mapped infrastructure location and médron for the single basin

Components Sudplan Scenario Management System

Constraints One of the main goals of the KIBEX project is teemtify the classes of
facilities that are most vulnerable to storm wafti@oding, focussing on
drinking water supply and the power supply systéhe city of Wuppertal wil
be concerned primarily with infrastructures of ghefasses in this task.

Task 1.1.2 Adjust Catchment Priorities with Stakeholder

Description The risk level priorities of the single catchmentas will be discussed with
stakeholders which are directly influenced by thdeo the catchment aregs
will be processed. This process gives the staken®ldhe possibility to

propose changes to the ordering based on circuoestaand facts which were
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not considered during the catchment area risk sssag. The result of this
adjustment is a refined prioritisation of the catemt areas which not only
mirrors the direct flooding risks but also concefmsn other directly affected
parties of the Wuppertal municipality.

Actor Storm Water Manager

Goal Refine the priorities of the catchment area

Input List of catchment areas sorted descending accotdittweir flood risk level

Output Refined list of catchment area priorities

Components N/A

Constraints N/A

Task 1.2 Simulation of Heavy Rain fall Events

Description The surface water runoff will be simulated with thelp of a comprehensive
and state of the art hydrological surface run-ofidel. A multitude of different
rain scenarios will be run through the model ineortb identify endangeregd
public and private property. The goal of the caltioh is to simulate the flow
of water and maximum water levels reached in cddeeavy rainfall events
and flooding. The simulation will not only examipast rain patterns but also
analyse possible future rain scenarios based ablestted climate models.

Actor Storm Water Manager

Goal Simulation of heavy rainfall events and the wataraff in a catchment area

Input Measured rain time series, simulated rain timeeseffor future climate
scenarios, digital surface model

Output Simulated water run-off and water levels for eveont in the digital surface
model

Components SUDPLAN Scenario Management System, HydrologicataWRunoff mode
service, Common Services Precipitation

Constraints N/A

Task 1.2.1 Hydrolog ical Surface Runoff Model Implementation

Description For the simulation of water run-off the city of Wagstal must set up |a
hydrological surface run-off model (‘calculation d&) in the form of a TIN
Due to the fact that this is no trivial task thaiaisway to achieve an optimal
result is to use an iterative approach of desigmutation of the TIN from
given 3D points, compare subtask 1.2.1.1) and attid (subtask 1.2.1.2).
This means that at the end of each cycle the tligitdace model has to be
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improved based on an evaluation report coming feuhtask 1.2.1.2. Th
improvement may include the introduction of additib high accuracy dat
(e.g. from terrestrial surveys), the eliminationreflundant 3D-points in th
laser scan data and the addition of interpolateg@iDts in the laser scan da
to get an evenly structured TIN. The iteration cenges towards a model th
is morphological correct and optimized with resptxctthe calculation tim
needed for a run of the hydrodynamical surfaceaffimodel.

e
a
e
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at
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Actor

Storm Water Manager, Modelling Experts

Goal

Set up a functional surface runoff model

Input

Digital Surface Model, Rainfall Data

Output

Surface Runoff Model for the Region of Wuppertal

Components

N/A

Constraints

N/A

Task

1.2.1.1 Design Digital Surface Model

Description

In order to use a hydrological surface runoff moaeligital surface model ¢
the region of Wuppertal has to be created. The apatity possesses a digit

laser scan of the Wuppertal region in form of atgmoint cloud where ever

point has an elevation and classification valuesd8laon this point cloud 3
elevation model will be derived. Therefore bread$irof objects such as str¢
kerbs have to be identified with the aid of additibinformation e.g. street;

paved surfaces, impervious surface etc. The breklifurther refine the

elevation model because the additional lines willken the elevation mod
more exact and necessary to calculate the wateoffuin a second step th
not scannable areas like underground crossinggsp&h underpass etc. ne
to be incorporated. The method of laser scannisglfithas its limitation
which manifest in measurement errors, for example t¢apturing of no
surface objects like trees, lamp poles etc. Thégects must be removed
avoid distortion of the digital surface model. Thesulting digital surfac
model will be optimised regarding the removal afuedant point informatio

with the goal to reduce the later calculation tioig¢he surface runoff model.

This task represents a joint venture between steater managers, surveyad
and model experts and has to be performed in clolégboration.

_ 2 D

Actor

Storm Water Manager, Surveyors, Modeller

Goal

Design and Implementation of a specialised surfacelel as the base f
hydrological surface run-off simulation.

Input

Laser point cloud, Sealed Surface Information, €sninformation (Buildings
etc.)

D

Output

Digital Surface Model
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Components Water Surface Run-off Simulation Service (SRSS)

Constraints This step cannot be performed automatically andrisffa lot of manual
intervention and expert knowledge. This could hemplications on structural
changes to the surface model in the 4.2 Flood Riskation task.

Task 1.2.1.2 Validation of Water Runoff Model

Description The accuracy of the surface runoff model resulteelta be compared to actual
available damage records of areas where floodiregdy occurred. Because a
100 % validation will not be possible and additibnghere are no historic data
available which cover large areas, individual camed experiences from the
past will be taken into account to judge the qyadit the model predictions
Furthermore the model results will be analysed veitimtextual informatior
such as cadastral maps in order to discover emdise simulation caused by
wrong input parameters such as falsely detectedkbnes, distortion in th
surface model etc. which cannot be discovered aatioally.

U7

=

D

Actor Storm Water Manager, Modeller
Goal Validate the quality of the simulation predictions.
Input Surface Runoff Model, Context/Background Informatioof the area,

Visualisation of model results

Output Validation Report — A List of unexpected or wronghlviour of the mode
results and description of possible problem origin(

Components Water Surface Run-off Simulation Service

Constraints No area covering measurements to compare the mesldts.
Task 1.2.2 Simulate Present Heavy Rainfall Scenarios
Description Simulations of heavy rainfall over the area of Wenpgl based on historical

precipitation data. The surface runoff model isduse predict how the water
will distribute over the surfaces. The Storm Watdanager wants the
possibility to play through different kind of raiscenarios which imitate
possible natural rainfalls or to use real data fjmast storm events to evaluate
the water run-off. The simulation enables the Stdkfater Manager to see
different attributes, e.g. water run-off velocityn-off direction, water levels
etc., of the precipitation water for specified tisteps. Not only can the single
steps of the rainfall event be analysed but alsaremation how the water will
distribute throughout the city over time.

Actor Storm Water Manager

Goal Simulation of heavy rainfall events over Wuppedatl the water run-off ways
on the surface.
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Input Historic precipitation data
Output Simulation of the surface water run-off
Components Scenario Manager, Visualisation Component, Pretipi Selector, Water
Surface Run-off Model
Constraints N/A
Task 1.2.3 Simulate Future Heavy Rainfall Scenarios
Description Similar to task 1.2.2 Simulate Present Heavy R#ir8aenarios. Instead of
historic precipitation data calculated precipitatiadata of future climatg
scenarios will be used. This approach should endlglestorm water manager
to simulate how the water will run off the surfanealifferent climate scenarias
with increased occurrence or intensity of stormewavents. The so gained
insights will hopefully help to find suitable saions for the flooding problems
in a long term view.
Actor Storm Water Manager
Goal Simulate how future climate scenarios (precipit@tiwill influence the water
run-off
Input Calculated future precipitation data
Output Simulation of the surface water runoff
Components Scenario Manager, Visualisation Component, Pretipit Selector, Wate
Surface Run-off Model, Common Service Interface
Constraints N/A
Task 1.3 Validate Simulation Results
Description This task validates the results from Task 1.2.2 @ask 1.2.3 regarding the
certainty of the model results. Due to the natdrmodels it is not possible {o
verify the simulation results completely or to assua perfect representatipn
of the real world. Instead the confidence of stevater managers in the model
results shall be increased with single spot cheSkgyle flooding prediction
of the model will be compared to present and pgstrences. Examples are|
» Experience of storm water manager
* Input from public institutions (fire fighter, etc.)
* Enquiry by property owner
With the help of these facts the quality of the elogredictions can be
validated to a certain level.
Actor Storm Water Manager
Goal Validate the prediction of simulation results
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Input Information on direct and indirect flooding damasgienulation results

Output No tangible results, but a better impression alibat quality of simulatiof
results for storm water managers.

Components Scenario Manager, Visualisation Component, Pretipin Selector, Wate
Surface Run-off Model, Common Service Interface

Constraints N/A

Task 1.4 Analyse Runoff Behaviour

Description In this task water run-off behaviour of variousnfail scenarios will be
analysed in order to understand the flow of wategraphical representatig
of surface run-off shall help to comprehend the glex processes of wat
run-off such as water gathering points and the maaigs the water will run
off. Further it will help the storm water managerunderstand the cause
origin of such phenomena for example where the m@aimes from. This wil
lead to a new level of expertise which will helg $torm water manager to n
only cope with the end points of such causalityithasuch as flooded areg
but to understand why these areas are flooded andtt prevent this at
much earlier position in the causality chain.

Actor Storm Water Manager

Goal Build a general understanding of water flow direst and the reason for wa
gathering points.

Input Simulation results

Output N/A

Components Scenario Management Tool, Visualisation Component

Constraints N/A

Task 1.5 Identify Potential Flood Risk Areas

Description The simulation results gathered from Task 1.2.2 arid3 will be used t
identify potential flood risk areas where waterdksvwill exceed a certali
threshold. For the identification of these areas shmulation results will b
compared to background information like buildingcdtons and cadastr
information of the affected area. The identifiectam represent a potentjal
endangered area and need further investigationtdabeuprobability of floog
damage to single properties.

Actor Storm Water Managers

Goal Identify potential flood risk areas
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Input Simulation results, infrastructure background infation

Output Flood risk areas

Components Visualisation component

Constraints N/A

Task 1.6 Identify endangered Properties and Property Owner

Description Based on the flood risk areas from task 1.5 thec##fl properties and ti
corresponding owners will be identified. The resigjtlist will later be used t
contact the property owner and to inform them alpmiéential risks and ho
these risks can be prevented, for example witltstral measures.

Actor Storm Water Manager

Goal Identify flood risk endangered properties and togmer

Input Flood risk areas

Output List of properties and property owner

Components N/A

Constraints N/A

Task 1.7 On-site Inspection of Flood Risk Area

Description In order to come to a final conclusion about thetagety by which a property
will be endangered by flooding events the sitetbdse inspected by a storm
water manager personally. During this inspectiengtorm water manager
decides whether storm water damage will be likelgat based on the local
circumstances. This on-site decision cannot beoegl by virtual modelling,
because the simulation of the water surface rumsafhly a model of the
reality for a special purpose, not all informatfoom reality can be captured
and represented to make such a decision possible.

Actor Storm Water Manager

Goal Assess the endangered object on-site and in peeganding their storm wate
risk.

Input List of endangered properties, simulations whichaates flood risk

Output Expert opinion on the flood risk

Components N/A

Constraints Model results must be available to the storm watanager in the field in form

of a mobile device such as a notebook

|®)
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4.2. Flood Risk Mitigation

The Flood Risk Mitigation (FRM) task is intendedpimtect property by predicting the effect of

various possible structural measures on the impharban flooding and identifying the most

suitable and cost-efficient planning option. Theeghmost important classes of local structural
measures that are effective for flood risk mitigatare

» the raising of road kerbs
» the installation of barrier walls
» the construction of drainage basins

In order to accomplish the FRM task, the analysstnaomplete subtasks 2, 3, and 4 of the FRA
task, but for running the simulations a new subtaggears, the modificatioof the digital
surface model that is underlying the surface run-dfmodel. This is by far the most complex
interaction between the SUDPLAN SMS and the surfaneoff model.

The other FRM subtasks include tkegaluation of the effectivenes®f a certain structural
measure for flood risk mitigation on the concersdd as well as aavaluation of its economic
efficiency. The final step is thdiscussion of possible measures with the propertyvmer.

T.2.1.1 Load Existing Surface Model

T2.1 Modification of Digital
Surface Model

T.2.1.2 Alter Breakline Heights

T.2 Flood Risk

o B T.2.2 Evaluate Effectiveness of
Mltlgatlon Structural Measure

T.2.3 Evaluate Efficiency of Structural Measure

T.2.4 Discuss Measures with Property Owner

Fig. 9 Flood Risk Mitigation Task Overview

Task 2.1 Modification of Digital Surface Model

Description To simulate the effect of a certain structural noea®n the surface run-off it |s
necessary to introduce it into the digital surfasedel that is input for the
surface run-off model. This task relies on the texise of a digital surfage
model that describes the initial situation (cf..2.1.1). The modification can
only be carried out by the alteration of existingdklines that have to be
defined in the initial digital surface model.
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Actor Storm Water Manager

Goal Set up an alternative of the initial digital sudanodel that represents a certain
structural measure for the physical protectionwfdings or other facilities.

Input Digital Surface Model for initial situation

Output Modified Digital Surface Model

Components Scenario manager, Visualisation component

Constraints Digital Surface Model for initial situation must ket up. Modification can he
carried out only by alteration of the height ofge&ned breaklines.

Task 2.1.1 Load Existing Surface Model

Description The first step in T.2.1 is to load an existing thbisurface model from the
repository of the Scenario Management System (SMSyom a GeoCPM
input parameter file.

Actor Storm Water Manager

Goal Meeting the prerequisites for the modification lo¢ digital surface model vija
the Scenario Management System.

Input Digital Surface Model for initial situation

Output N/A

Components Scenario manager

Constraints Digital Surface Model for initial situation must kset up. It has to be stored|in
the repository of the SMS or has to be availablthenformat of the GeoCPM
input parameter file.

Task 2.1.2 Alter Breakline Heights

Description The interactive modification of the initial digitalurface model can only be
carried out by the alteration of existing breakdinleat have to be defined in the
initial digital surface model. Part of this taskttsssave the new alternative |in
the repository of the SMS.

Actor Storm Water Manager

Goal Instantiate an alternative of the initial digitalrace model that represents a
certain structural measure for the physical pratacbf buildings or other
facilities.

Input N/A

Copyright © SUDPLAN

Page 41 of 71




SubpPLAN

Project: 247708 - SUDPLAN

e
to

).

ed

—+

]

nd

[S

D

k

Output Modified Digital Surface Model

Components Scenario manager

Constraints Digital Surface Model for initial situation must beaded.

Task 2.2 Evaluate E ffectiveness of Structural Measure

Description After a model run (T.1.2.2 or T.1.2.3) with an afi#ive of the initial digita|
surface model T.2.1.2) the user needs to checkeffectiveness of th
simulated structural measure on the flood risk atign. To do this he needs
load the corresponding local model results from 8MS. Furthermore he
needs to visualise the model results in differeainners (2D, 3D and 4D
Finally he will annotate the model results with figlings.

Actor Storm Water Manager

Goal Evaluate the effectiveness of a certain structumalasure on flood ris
mitigation.

Input Local model results for a model run with modifiedjifal Surface Model

Output Expert opinion on the effectiveness of a certarncstiral measure, annotat
local model results

Components Scenario manager, Visualisation component

Constraints Local model results for a model run with modifieayital Surface Model mus
be available in the repository of the SMS.

Task 2.3 Evaluate E fficiency of Structural Measure

Description After he has proven the effectiveness of a ce#inctural measure on flog
risk mitigation the user needs to assess its eff@y. To do this he needs
gather information about costs and technical regins from various exper
working for other departments of the urban admiatgin. It is likely that this
will be done in the form of a round table discussio

Actor Storm Water Manager

Goal Evaluate the efficiency of a certain structural swra with respect to flood ris
mitigation.

Input Annotated local model results for a model run witbdified Digital Surface
Model

Output Expert opinion on the efficiency of a certain stuwal measure, prioritized li

of feasible structural measures for flood risk gation on a given sitg
annotated local model results
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Components Scenario manager, Visualisation component

Constraints Annotated local model results for a model run withdified Digital Surface
Model must be available in the repository of theSM

Task 2.4 Discuss Measure s with Property Owner

Description The final step of the FRM task is the discussiotihhe property owner and/
the operator of threatened infrastructure aboufctiral protection measur
for flood risk mitigation, including measures thgtve to be carried out by t
property owner himself as self protection.

Actor Storm Water Manager

Goal Increase risk awareness of property owner, raise rhotivation to take
measures for the physical protection of his faesitby himself, commo
understanding of the appropriate measures thatbeiltarried out by the Cit
of Wuppertal and the WSW

Input Annotated local model results for different modehs with modified Digita
Surface Model

Output Results of discussion

Components Scenario manager, Visualisation component

Constraints Annotated local model results for different modehs with modified Digita

Surface Model must be available in the repositdérhe SMS.
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5. Use-cases

This chapter describes the use cases of the scemamagement system from the Wuppertal
pilot point of view. The interaction between used dhe system will be explained in detail.

The use case analysis is used to facilitate thendbrspecification of the system behaviour
without burdening the user with the technical imnpémtation of the wished functionality.
Instead the expected functionality is expressedadtural language to make the information
transfer between the technical partner and pilsteasy and efficient as possible. The single
steps of the use cases describe the expecteddnality for the second version of the Wuppertal
pilot application. In the following an overview afi use cases will be given:

. UC-611 Show Basin Information

. UC-612 Show Catchment Information

. UC-613 Visualise Objects in Map

. UC-614 Assess Basin Risk Level

. UC-615 Search Catchment/Basin

. UC-616 Prioritise Catchment Areas

. UC-617 Trace Prioritisation Changes

. UC-618 Print Information

. UC-619 Browse 3D Map

. UC-6110 Show Historic Precipitation

. UC-6111 Show Simulated Precipitation

. UC-6112 Generate Rainfall Pattern

. UC-6113 Compare Precipitation data

. UC-6114 Model Sewer and Surface Run-Off

. UC-6115 Validate Simulation Results

. UC-6116 Visualise Simulated Runoff Over Time
. UC-6117 Visualise Maximum Values of Simulated Rdinof
. UC-621 Modify Digital Surface Model

. UC-622 Annotate Local Model Result

. UC-623 Compare Simulation Results

The single use cases follow a use case templassiore a consistent description throughout the
different cases. The use case analysis will beneei@ in each of the Scenario Management
System iterations. At the beginning of each iterathe expected functionality will be specified.
After that the IT partners will translate them irdechnical representation before the system is
implemented and validated. In the final iteratitireapected functionality from the user point of
view should be described through the compiled asex

Copyright © SUDPLAN Page 44 of 71



SuDPLAN Project: 247708 - SUDPLAN

5.1. UC-611 Show Basin Information

Acronym

luc-611

Related tasks

[T1.1.1.1

Description

The user wants to access risk information and rssessment to
particular basin. The risk information will be prioed in a form of a ris
evaluation report for the single basin. The singkk levels for differen
criteria chosen by the storm water manger will pthyed.

~ A

Primary actor

| Storm Water Manager

Stakeholder
| City of Wuppertal
Goal
| Access detailed information for a topological basin
Input
| The basin of interest.
Output
Basin information:
* Risk Evaluation Report
* Risk Level Assessment
Components

Description

Object Catalogue consisting of :
» Catchments
» Containing Basins

2D Map

3D Map

Map Layer

Preconditions

| Existing basins must be available

Main success scenario

1 The user selects the desired basin from a hieraathiist of object of
interest.

2 The user opens the description page.

Extensions

la | The user selects the desired basin in the map
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5.2. UC-612 Show Catchment Information

Acronym

luc-612

Related tasks

[T.1.1.1

Description

The user wants to access detailed information fpagicular catchmeni
area. Information about the containing basins, foost their risk level, will
be presented to the user. Based on this informadiamsk level for the
catchment area is calculated and presented to ther.uA prioritisation
history shows changes made to the selected catd¢larem

14

Primary actor

| Storm Water Manager

Stakeholder
| City of Wuppertal
Goal
| Access detailed information for a catchment area.
Input
| The catchment area of interest
Output
Catchment Area Information:
» Containing basins
» Basin Risk Levels
» Catchment Area Risk Level
» Prioritisation History
Components

Description
Object Catalogue
2D Map

3D Map

Map Layer

Preconditions

| Existing catchment areas must be available

Main success scenario

1 The user selects the desired catchment area fromearchical list of
objects.

2 The user opens the description page.

Extensions

la | The user selects the desired catchment area imtye
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5.3. UC-613 Visualise Objects in Map

Acronym

|uc-613

Related tasks

[T.1, 7.2

Description

The user wants to visualise objects with a corregipmy geometry or
spatial location on the 2D/3D maps. Possible olgemte catchment are:
and topological basins. The user should have cdmtto manipulate an
remove the added objects. The objects in the mapldtbe selectable ar
detailed information should be presented to ther wgkeen the object i
selected.

Object information in the map should be contexseai
» Basin — The risk level of the basin
e Catchment area — the risk level of the catchmee&ar

D

N

d

[72)

Primary actor

| Storm Water Manager

Stakeholder
| City of Wuppertal
Goal
| Display an object of interested in a map
Input
| The object which should be visualised
Output
| The visualisation of the object in an geospatiaiteat
Components

2D Map

3D Map

Map Layer
Object Catalogue
Description Page

Preconditions

reference

Objects for visualisation must be available and tmb@ve a geospatial

Main success scenario

1 Select the desired objects from the catalogue (B&atchment, etc.)

2 Add the desired objects to the map

3 Visualise objects in the map

Extensions

la The user perforsm a geo-spatial search (see UC-&ik3he desired obje¢

in the map
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5.4. UC-614 Assess Basin Risk Level

Acronym

uC-614

Related tasks

T.1.1.1.1

Description

The user wants to rate the risk of a basin accaydim certain criteria. He
should have the possibility to choose the differaiteria from a list to
enable later inclusion of new criteria. For evemterion the user should Qe
able to choose a value from a well defined selactio

Primary actor

Storm Water Manager

Stakeholder
| City of Wuppertal
Goal
| Assess the basin risk level with the help of deter
Input
Basin information:
» Evaluation Report
* Risk Criteria
» Geospatial Extend
Output
| Assessed basin risk criteria
Components

Description Page
Editor Page

Preconditions

| Existing basin must be available

Main success scenario

1 Select the desired basin to assess

2 Open the description information of the basin

3 Open the basin for editing.

4 Choose the level for a criterion

Extensions

da If the user needs more information to choose aevdlr a criterion it
should be possible to consult the basin evaluatEport to come to a
decision.

4b If no criteria are available for the current basihe user has the possibility
to add criteria.

4c The user repeats step 3 until all necessary cateamnd their levels are

chosen for the basin
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5.5.  UC-615 Geospatial Search

Acronym

|uC-615

Related Tasks

[T.1, 7.2

Description

This use case provides the possibility to use thp to search geospatial
for objects with spatial context, such as basind aatchment areas. Tl
user wants to browse the map and search withiniqddr regions fof
objects of interest. A result list with all founddins and catchment are
should be presented to the user. The user willdbe to display objects fro
this result list in the map.

ly
e

AS
m

Primary actor

| Storm Water Manager

Stakeholder

I N/A
Goal

| Find basins and catchment areas based on theirpgis extent.
Input

| Geospatial extent for the search
Output

| Resulting list of found basins and catchment areas
Components

2D Map

3D Map

Object Catalogue
Search Results

Preconditions

IN/A

Main success scenario

1 Browse to the location in the map, where the seahduld be performed
2 Choose the region for the geospatial search (baumpbiox)

3 Search for intersecting basins and catchment areas

4 Display the search results

Extensions

da | Visualise found objects in the map (see UC-613)
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5.6. UC-616 Prioritise Catchment Areas

Acronym

|uc-616

Related tasks

[T.1.1

Description

The use case describes the functionality of théelsydo calculate a
ordered list of catchment areas. In this list tle@chment areas are orders
descending according to their risk levels. The rskels for the singl
catchment areas will be calculated based on théainimg basins and the

priority. The user should have the possibility kamoge the prioritisation g
single catchment areas manually regardless of tlaiculated values.
reason for the priority change should be providew dahe system shod
keep track of the changes in order to make the wmlapuoritisation
changes traceable.

(4]

particular risk levels. Catchment areas with no igeed risk level, fof
example due to not yet assessed basins, will lmettewith the lowes$

=)

=

—h

Primary actor

| Strom Water Manger

A

Stakeholder
| City of Wuppertal
Goal
Create sorted priority list of catchment areas aetbaccording to their ris
level
Input
|N/A
Output
| List of catchment areas prioritised according teittrisk level
Components

Prioritisation List
Catchment Area Description

Preconditions

possess a risk level.

Main success scenario

1 Open the Prioritisation List

2 Calculate the priority of the single catchment asea

3 Display the resulting list

Extensions

3a Access the description of the single catchmentsarea

3bl Change the priority of a catchment area manuallypvislthe priority up o
down until the desired position is reached.

3b2 Enter a reason for the change of priority.

In order to create a meaningful prioritisation eachtchment area shoujd

-
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3b3

Display priority change information in the priorityst as well as in th
catchment area description page.

5.7. UC-617 Trace Prioritisation Changes

Acronym

luc-617

Related tasks

[T.1.1.2

Description

Traceability for manually changed priorities of chtment areas must

given. The user wants to trace the changes madeatohment are
priorities; this includes the date when the modifion was done, the us
who performed the change and most importantly &asan for the changg.
This functionality enables the user to trace changene in the past and
understand them in the present. In addition tottheing information fron
the prioritisation list the changes should also Visualised in the singl
catchment area description pages.

Primary actor

| Storm Water manager

Stakeholder
| City of Wuppertal
Goal
| Trace back changes made to the automatically caledlpriority list.
Input
| Catchment area prioritisation and history inforriuat
Output
IN/A
Components

Prioritisation List
Catchment Area Description.

Preconditions

| Changes to the catchment area prioritisation exist.

Main success scenario

174

D

1 Open the prioritisation list

2 View the history of prioritisation changes.

3 Access additional information to a prioritisatiorhange. (User, datg¢
reason etc.)

Extensions

la Open a catchment area description to view the $pgechanges for th
single catchment.

2a Open a list which contains only the changes madeopriority ordereq

ascending by the time of the change.
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5.8. UC-618 Print Information

Acronym

|uc-618

Related Tasks

[T.1, 7.2

Description

This use case describes the general requiremenheofuser to print th
presented information of the Scenario Managemeste8y This includes:

» Description pages of bas and catchment areas as well as
with their geospatial representation.

» 2D/3D maps

» Prioritisation lists and priority change informatio

11%

Primary actor

| Storm Water Manager

Stakeholder
| City of Wuppertal
Goal
| Print information of Scenario Management System
Input
| The object which should be printed
Output
| Printout of the selected information
Components

Description Pages
Prioritisation List
2D Map

3D Map

Print Dialog

Preconditions

[N/A

Main success scenario

1 Open the desired information

2 Open the print dialog

3 Configure the print options (orientation, resolutietc.)
4 Print the document

Extensions

| N/A
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5.9. UC-619 Browse 3D Map

Acronym

[uc-619

Related tasks

[T.1,T.2

Description

A digital elevation model of the Wuppertal regidrogld be rendered ar
presented to the user. The user should have thsilpdy to browse thg
landscape and to add additional information likeeday maps of cadastr;
context information and 3D objects like buildingogeetries. This use ca
creates the base for the later surface run-off nlode The modelling
results (flow direction of water, maximum waterdids) will be displaye
in the 3D environment.

A\1”4 Q_

=

j®N

Primary actor

| Storm Water Manager

g

Stakeholder
| City of Wuppertal
Goal
Spatial representation of the Wuppertal region abase for representin
content in the third dimension.
Input
| User controls and content selection
Output
| 3D representation
Components

3D Map
Map Layer
Object Catalogue

Preconditions

IN/A

Main success scenario

1 Open 3D Map

2 Choose version of the digital landscape (DEM)

3 Choose layer of interest (cadastre, building etc.)

4 Browse to the region of interest

Extensions

da Jump to a specific region based on the geospatiatdinates of a certai
object (basin, catchment, model result etc.)

4b Jump to a specific region based on geospatial coatds.

Copyright © SUDPLAN Page 53 of 71



SuDPLAN Project: 247708 - SUDPLAN

5.10. UC-6110 Show Historic Precipitation

Acronym

[uC-6110

Related Tasks

[T.1.2.2

Description

The user would like to display measured preciptatvalues for the regig
of Wuppertal in form of precipitation maps (statar)d animations of th
event over time (dynamic). Also the functionalitglisplay the precipitatio

should be provided. The shown visualisation shalldw querying thé
values at each point in time. This functionalityaleles the user to click

Primary actor

| Storm Water Manager

N
data in alternative representations for example tese trend diagrampg

the map and to receive the exact precipitation amou temperature valug.

n
S

n

bt

Stakeholder
| City of Wuppertal
Goal
| Visualise measured precipitation levels for a sfiecegion of Wuppertal
Input
Precipitation data source, time interval (boundss), region of intereg
(geospatial boundaries)
Output
| Precipitation values of the chosen time and spatiéend
Components

2D Map
3D Map
Precipitation Selector

Preconditions

IN/A

Main success scenario

U

1 Choose precipitation data source

2 Select time interval for the rain event (precigatdata)

3 Select region of interest in the map (optional)

4 Visualise precipitation data in the map

5 Choose the point in time within the selected irdk(slide rain event time)

6 Save the current select rain event for later uggigmal)

Extensions

4a Visualise precipitation data as diagram (maximuragipitation level, timg
trends etc.)

4b Query precipitation values for certain points iretinap

4c Visualise background information like map legend

5a View the selected rain event as an animation
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5.11. UC-6111 Show Simulated Precipitation

Acronym

[uc-6111

Related Tasks

[T.1.2.3

Description

This use case provides similar functionality as tise case UC-6110 bjut
instead of visualising historic precipitation datae user wants to genergte
and visualise future rain patterns. The simulatednrpatterns will be
generated based on an assumed climate scenaridiatatic precipitation
data. The result is predicted precipitation in foéure.

Primary actor

| Storm Water Manager

Stakeholder

| City of Wuppertal
Goal

Show precipitation prediction visualisation forrolaite scenarios based pn

historic data
Input

Precipitation data source, time interval of localrecipitation datg

(boundaries), region of interest (geospatial boumels), climate scenarid

time interval of simulated precipitation data
Output

| Simulatedprecipitation values of the chosen time and spatiaénd
Components

2D Map

3D Map

Precipitation Selector
Common Service Control

Preconditions

IN/A

Main success scenario

Choose precipitation data source

Select time interval for the rain event (precigatdata)

Select spatial extend

Choose climate scenario as base for the calculation

QW[N]

Select time interval for simulated data (defauls@éne length as the ingut
data)

Request precipitation data

Notify user upon successful completion of the d¢atimn

Visualisation of resulting precipitation data

Ol |IN|O

Choose the point in time within the selected irdk(slide rain event time)

10

Save calculated results permanently (optional)

Extensions

7a

Notify user about errors, and their reasons, ocedrduring the calculatiop
request. Inform him about contact persons to stileassue
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U

8a Visualise precipitation data as diagram (maximaégpitation level, timg
trends etc.)

8b Query precipitation values for certain points iretinap

8c Visualise background information like map legend

9a View the selected rain event as an animation
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5.12. UC-6112 Generate Rainfall Pattern

Acronym

[uc-6112

Related Tasks

[T.1.2.2,T.1.2.3

Description

The storm generator gives the user the possiliitgenerate a rain eve
based on measured maximum precipitation levelsthadiesired directio

“virtual” pluviographs because the storm generatoen generatetime
series for specific geospatial points. The resgltwirtual measuremen
could be used for further surface run-off simulatio

of the storm. This use case enables the user &tecrain patterns to ude
with the surface run-off model to simulate différemin events and to studly
the water run-off. The generated storm patternslmausaved by the user for
later usage. This functionality also enables theru® create a grid df

Nt
L

S

Primary actor

| Storm Water Manager

f

D

Stakeholder
| City of Wuppertal
Goal
Generate custom storm patterns to use them with stivéace run-of
modelling
Input
Spatial region of interest, points where measur@méata should b
generated (optional), rain density, storm directichmate scenario
Output
| Generated storm
Components

2D Map

3D Map

Object catalogue

Precipitation Selector

Common Service Control
* Storm Generator

Preconditions

IN/A

Main success scenario

Choose spatial region for storm generation

Choose points where precipitation data should beegated (optional)

Choose maximum rain intensity

Determine the direction of the storm

Choose climate scenario (optional)

Generate storm event

Notify user upon successful completion of the d¢atimn

OIN|O|OPR|WIN|F-

Visualise storm event in map(optional)
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9 | Save generated storm event permanently (optional)

Extensions

2a Display available locations (pluviograph, pointslahdscape model etc.) to
support the user to choose the points

3a The maximum rain intensity will be taken from prgserecipitation
measurements.

7a Notify user about errors, and their reasons, ocedrduring the calculatiop
request. Inform him about contact persons to stiledssue
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5.13. UC-6113 Compare Precipitation data

Acronym

[uCc-6113
Related Tasks
[T1.3

Description

This use case gives the user the possibility topeoendifferent rain even
and IDF-Curves (historic [UC-6110], predicted [UCL&1], and generate
[UC-6112]). This feature will be used to increaske tconfidence i
predicted and generated rain events by comparireggnttwith real worlg
measurements. This use case also enables theauserdly possibilities how
the present/historic rain events will change irufetclimate scenarios.

_)Q_m

Primary actor

| Storm Water Manager

Stakeholder
| City of Wuppertal
Goal
| Compare different historic, predicted, and genedatain events + IDF.
Input
|N/A
Output
IN/A
Components
2D Map
3D Map

Object catalogue
Precipitation Selector
Common Service Control

Preconditions

IN/A

Main success scenario

1 Choose rain pattern

2 Visualise different rainfall pattern

3 Compare rainfall pattern

Extensions

la If the desired rain pattern is not available, theeu can generate qr
simulate one as described in UC-6112 and UC-6111

1b The first step is repeated until all desired ramtterns are selected
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5.14. UC-6114 Model Surface Run-Off

Acronym

[uC-6114

Related Tasks

[T.1.2

Description

The use case provides the possibility to conficamd perform combine
sewer and surface run-off modelling with precipaat data (historic
predicted, and generated) for a particular catchinarea. The user has tl
possibility to choose the different input paramsetier the model such as t

should be performed in the background so that #er gtill can work with
the system. Upon completion of the surface rummaifielling the user wi
be notified and will be able to visualise the ma@shlts in the map.

digital surface model, precipitation data, etc. Téeecution of the model

d

e
he

L

Primary actor

| Storm Water Manager

1

Stakeholder
| City of Wuppertal, WSW, WV
Goal
Model different water run-off scenarios for a giveatchment area an
precipitation data
Input
Precipitation data, Digital Sewer and Surface @ud Model, modg
parameter
Output
| Water surface run-off simulation
Components

2D Map

3D Map

Object catalogue
Precipitation Selector
Common Service Control
Model Control (Orchestrator)
Model Execution (Executor)

Preconditions

Main success scenario

Open Model Execution Controls

Select model and model version

Select digital landscape (DEM)

Select precipitation data

Configure model parameter

Schedule model execution

N[OOI |WIN|F-

Notify user upon successful completion of theutaton

Extensions
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7a

Notify user about errors, and their reasons, ocedrduring the calculatio

request. Inform him about contact persons to stileassue.

5.15. UC-6115 Validate Simulation Results

Acronym

[uc-6115

Related Tasks

[T.1.2.1.2,T.1.3

Description

The user wants to validate the results of a sinnutalby comparing them 1
historic flooding event. The user has the poss$jbth choose from alread
simulated model results and to choose from histargasurements tak
from actual flooding events. He is then providethwi view of both data g
the map so that he can compare the values in thieedehotspots. In case
discrepancies the user can then try to optimisenibdel (see UC-621).

of

Primary actor

| Storm Water Manager

Stakeholder
| City of Wuppertal, WSW, WV
Goal
| Ensure that the model for a specific area providdsquate results
Input
| Simulation results, historic measurements
Output
| Comparison of simulated and historic data
Components

2D Map
3D Map
Object catalogue

Preconditions

| Historic flooding events must be available

Main success scenario

1 Select simulation result

2 Select historic flooding event

3 Compare data on the map

Extensions

la The user searches for simulation results in the (sap UC-615)

2a The user selects multiple historic flooding eveatsompare all of them §

once
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5.16. UC-6116 Visualise Simulated Runoff over Time

Acronym

[uc-6116

Related Tasks

[T.1.4

Description

The user wants to view the development of the funar the time of
simulation. He selects a simulation result and @die peak stages of t
simulation on the map (see UC-6117). Additionakyis provided with
means to select the point in time for which theewével shall be show
Moreover, he is provided with an animated visudi®a of the runof
development in the selected area for a desiredsjiaue.

0 5w

Primary actor

| Storm Water Manager

Stakeholder
| City of Wuppertal, WSW, WV
Goal
| Analyse the runoff behaviour
Input
| Simulation model results
Output
| Visualisation water levels on certain points ingim
Components
2D Map
3D Map

Object catalogue

Preconditions

| A simulation must have been performed succesgbayUC-6114)

Main success scenario

Select simulation result

View peak stages on the map

Select point in time

View water levels on the map

Select runoff development animation start time

Select runoff development animation end time

N[OOI WIN|F-

View runoff development animation

Extensions

la | The user searches for simulation results in the (sap UC-615)

5.17. UC-6117 Visualise Maximum Values of Simulated  Runoff

Acronym

[uc-6117

Related Tasks
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[T.1.5 T.1.6

Description

The user wants to view the peak stages of a simonlan a geo-spatidl
context. He selects a simulation result and is @nésd with the peak stages
of the selected simulation on the map.

Primary actor

| Storm Water Manager

Stakeholder

| City of Wuppertal, WSW, WV
Goal

| Identify areas with potential flood risk
Input

| Simulation model results
Output

| Visualisation of peak stages
Components

2D Map
3D Map
Object catalogue

Preconditions

| A simulation must have been performed succes$fgéyUC-6114)

Main success scenario

1 Select simulation result

2 View peak stages on the map

Extensions

la | The user searches for simulation results in the (sap UC-615)

5.18. UC-621 Modify Digital Surface Model

Acronym

luc-621

Related Tasks

[T2.1

Description

This use case describes the creation of an alteradigital Surface Modg
starting with an initial Digital Surface Model thatas set up by means|of
the local model DYNA+GeoCPM outside of the Wuppeitat application.
The modification of the initial Digital Surface Meldis restricted to th
alteration of a set of existing breaklines that é&o be defined in the initia
Digital Surface Model (no recalculation of the Tthit defines the Digitq
Surface Model).The modified model represents aedauctural measurgs
for the physical protection of buildings or othecilities. It is possible inpy
to UC-6114.

=

~—+

Primary actor

| Storm Water Manager

Copyright © SUDPLAN Page 63 of 71



SuDPLAN Project: 247708 - SUDPLAN

a

=

Stakeholder
| City of Wuppertal, WSW, WV
Goal
Set up an alternative of the initial Digital Suréadodel representing
certain structural measure for the physical protectof buildings or othe
facilities.
Input
| Initial Digital Surface Model
Output
| Modified Digital Surface Model
Components
2D Map
3D Map

Object Catalogue
Surface Model Editor

Preconditions

Initial Digital Surface Model must be set up andestable via Objeg
Catalogue

—F

Main success scenario

Select initial Digital Surface Model (TIN) from @lot Catalogue

Visualise alterable breaklines in 2D Map and (opad) in 3D Map

Select an alterable breakline(s) in 2D Map

Alter heights of the breaklines’ nodes by one

Visualise modified Digital Surface Model in 3D Mfap verification

Annotate modified Digital Surface Model with deptivie metadata

N[OOI |WIN|F-

Store modified Digital Surface Model

Extensions

4a | Alter heights of the nodes of all breaklines withistant value

5.19. UC-622 Annotate Local Model Results

Acronym

uC-622

Related Tasks

T.1, T.2

Description

This use case describes the annotation of Local dlogsults that arg

6114. Supported by a visual interpretation of tlezdl Model results (c
UC-619) the user will assess the effectivenesse#fidency of the simulatg
structural measures for the physical protection lfildings or othe
facilities. (Note: this is done by means of expadwledge outside the scg
of the Wuppertal pilot application!) In the endtbfs use case the user w
annotate the Local model results with his finditm&eep hold of them.

stored in the SMS repository. These results haea lgenerated via UG

A\1”4

.
d

pe
ill

Primary actor

| Storm Water Manager, possibly together with Urb&mpers

Copyright © SUDPLAN Page 64 of 71



SuDPLAN Project: 247708 - SUDPLAN

—h

Stakeholder
| City of Wuppertal, WSW, WV

Goal
Keeping hold of the findings concerning the effectess and efficiency |of
the simulated structural measures that follow framisual interpretation g
the Local Model results.

Input
| Results of Local Model run

Output
| Annotated results of Local Model run

Components

2D Map

3D Map

Map Layer

Object Catalogue

Local Model Results Editor

Preconditions

1%

The results of a Local Model run (generally carrieat with an alternativ
of the Digital Surface Model generated by UC-62d9 stored in the SMS
repository and are selectable via the Object Cajam

Main success scenario

1 Select Local Model results from Object Catalogue

2 Visualise results in 2D, 3D and 4D (cf. UC-619)

3 Assess effectiveness and/or efficiency of simulatadttural measures
(activity outside the scope of the Wuppertal mlpplication!)

4 Annotate Local Model results

5 Store modified Local Model results

Extensions

5.20. UC-623 Compare Simulation Results

Acronym

|uc-623

Related Tasks

[T.2.3

Description

In order to be able to evaluate the effectivendsstroctural measures the
user wants to compare various simulation resultamfinvestigation area.
The selects two simulation results and is presewi#idl the peak values ¢n
the map so that he can evaluate the changes the¢ w@&used by the
alteration of the surface modification (see UC-621)

Primary actor

| Storm Water Manager

Stakeholder

| City of Wuppertal, WSW, WV

Goal
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| Evaluate the efficiency of a surface modification

Input
| Simulation results
Output
| Comparison of simulations
Components
2D Map
3D Map

Object catalogue

Preconditions

| Two simulation results must be available for a #jiemvestigation area

Main success scenario

1 Select simulation result

2 Compare data on the map

Extensions

la The user searches for simulation results in the (sap UC-615)

1b The user selects multiple simulation results tomwam all of them at once
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6. Conclusion

During the first year of the project the main foafsthe Wuppertal pilot work was on the

selection of an appropriate local model configamatiand the provision of some initial

calculation model. The focus of second year wasimdagration of the whole chain of

components involved in the Wuppertal pilot scendfiar the 8 Period (2012) we have planned
to add more data to the Pilot Application, to sup@nd implement a larger number of the
defined use cases and to enhance model paramaterizad visualization capabilities of the

software. The vision of our Pilot Application indiess a mobile application to support on sight
discussions with owners of affected infrastructure.

The primary objective of this document is to defarma specify the plan for the Wuppertal pilot

site in the SUDPLAN project. All versions of thisaument describe the background and goals
of the pilot in detail. Relations between the Wupglepilot and climate change issues are
explained as well as the relevance regarding tAediGjectives of the proposal. The usage of the
Common Services is examined and the potential desisupported by the SMS are analysed.
The main pilot activities are derived from the gigs won through the single steps of the pilot
definition process.

The methodology developed by WP2 was followed tghowt the creation of this document. In
the scope of this methodology a user analysis w&®nmned to define the single user groups of
the later system. In this process skills and priogeiof the single user groups were identified.
Independent from the later system, tasks neceseaiylfil the pilot objectives were analysed
and described in detail. This step has been urdgrtéo give all partners the possibility to
understand the background and motives of the pilos would be rather difficult to understand
only by the description of the system functionalitithout all the non system tasks. Particular
emphasis was laid on the use case analysis andaligstin the document. The use cases define
the boundary of the system and the interface touder. As a whole, the use cases draft the
behaviour of the system and are essential for #wgd and implementation of the Scenario
Management System (WP3) because the use casesemfptiee system functionality expected
by the user.
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8. Glossary

Breakline A line that represents a distinct intptron in the slope of a surface
commonly created by human hand.

Catchment A extent or area of land where water from rain aredting snow or ice drains

Area downhill into a body of water, such as a river dakeservoir, estuary, wetland,

Sea or ocean

Depressed Areg

n=>» Topological Basin.

Df

Downscaling In general the reduction of the schlete the transformation of lower scale
climate data such as precipitation into higher lrggm data sets.

Hydrodynamic | A tool able to describe or represent the motiowater in some way.

Model

Hydrological A simplified, conceptual representations of movetnaistribution, and

Model quality of water throughout the Earth

KIBEX United Nations project with the focus on vahability assessment
population and critical infrastructure towards @t@ change related extreme
event

Modelling Multiple executions of a software model with difet parameters

Experiment

Storm Water

Hydrological modellers employed by the City of Wepjal, the Wupperta

Manager Stadtwerke, and the Wupperverband.

Topological A large, bowl-shaped depression in the surfacaefand or ocean floor

Basin

Use Case A methodology used to describe the iritenalbetween user and the resulting

system.

Web Service

A software system designed to suppudraperable machine-to-machi
interaction over a network. It has an interfacecdbsd in a machine

Other systems interact with the web service in amaa prescribed by it
description using SOAP messages, typically convaygdg HTTP with an

information please refer to (Haas, 2004)

Wuppertaler Public utility company of Wuppertal
Stadtwerke
Wupperverband Wuppertal’'s water body management organizatiomadhages the open rive

and creeks of the Wupper catchment
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9. Acronyms and Abbreviations

CS Common Service

DEM Digital Elevation Model

DLR Deutsches Zentrum fur Luft und Raumfahrt (GemmAarospace Center)

DowW Description of Work

DSGK-W | Digitale Liegenschaftskarte/Stadtgrundk&teppertal

DWD Deutscher Wetterdienst

FRA Flood Risk Assessment

FRM Flood Risk Mitigation

GEP Generalentwasserungsplanung (general wastenvatexgement plan planning)

GIS Geographical Information System

ICT Information and Communication Technologies

KIBEX Kritische Infrastruktur, Bevdlkerung und Bdkérungsschutz im Kontex
klimabeeinflusster Extremwetterereignisse

KOSTRA | Koordinierte Starkniederschlags-Regionatisigs-Auswertungen

KST Koordinierungsstelle Stadtentwasserung

SMS Scenario Management System

SDI Spatial Data Infrastructure

TIN Triangulated Irregular Network

ucC Use Case

UNU United Nations University

UNU- United Nations University — Institute for Environmend Human Security

EHS

WEFS Web Feature Service

WMS Web Map Service
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WP Work Package

WSRSS Water Surface Runoff Simulation Service (SRSS

WSWwW Wuppertaler Stadtwerke

WA Wupperverband
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