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1. Management summary

SUDPLAN Common Services represent a common funalignto be used by the four
SUDPLAN pilot cities. The functionality is generahd can in the future be extended to be used
in all European cities. The Common Services (G8rs urban downscaling services for intense
rainfall, hydrological variables (including floodjn droughts and water availability) and air
guality; accessible on the web through the ScerMapnagement System (SMS).

The following downscaling functionality is implented in Common Services:

. Intense rainfall: urban downscaling — generation of
short-term precipitation data (time series or |DiFves)
for urban hydrological climate change impact assess | COVERED IN

THIS REPORT

. Intense rainfall: design storm generator — genematf
data for design and performance assessment of urban
hydrological systems, including climate change )

. Hydrological conditions: downscaling of upstreanicbhanent area — local calibration of
hydrological variables and generation of futureoffiscenarios

. Air quality: urban downscaling — generation of Ibitdure air quality scenarios taking into
account local emissions

This report documents the rainfall downscaling e, with a focus on the description of end
user functionality, as a complement to the softwisedf. More IT related documentation can be
found in the appendices of D4.1.2 Common Serviaasc€rted Approach V2.

The urban rainfall downscaling in the Common Seawiv2 is now (m24) operational. The use
of the SUDPLAN platform to manage rainfall downsaglis presented by the two pilots, WP6
(Wuppertal) and WP7 (Linz), see e.g. their pilot ¥ports D6.2.2 and D7.2.2, respectively.
Future rainfall projections have been made for bippertal and Linz, of direct interest for
those two pilots and associated external stakemldle Linz the downscaled rainfall data have
been used in sewer modelling and assessment oéfatunbined sewer overflow rates.

The Common Services design storm generator hasitmgdemented and tested, integration with
the Scenario Management System and its user ingevfdl take place in V3. Further, the time
series downscaling is to be upgraded with suppontdinfall frequency adjustment.

This is a public document availablettp://sudplan.eu/Results
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2. Introduction

This report documents the rainfall downscaling ey, as a complement to the software itself.
The selected method for rainfall downscaling, thelt® Change method, is described and
motivated in Section 3. The downscaling serviceghwivo types of possible input (time series,
IDF-tables) is described in Section 4. An overvieirmhe technical solutions can be found in
Section 5, while more detailed IT descriptions ¢@nfound in a separate document D4.1.2
Common Services Concerted Approach V2. The additiearvice of a design storm generator,
to be integrated in Common Services during 2012),(¥83described in Section 6. Some general
experiences gained during the experimentation waitfifall downscaling are given in this report,

but discussions around specific rainfall downsegliesults can be found in the Wuppertal and
Linz pilot reports.

Copyright © SUDPLAN Page 6 of 30
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3. Rainfall downscaling by Delta Change

For urban hydrological applications and climategeimpact assessment, rainfall data from
climate models need to be downscaled as the schRegional Climate Models (RCMs) differ
from the scales of urban hydrological models. Thtef typically work with a temporal
resolution of a few minutes and a spatial resofutiba few kmz (i.e., the typical size of an urban
catchment; in practice rainfall data from a singéige - i.e. a point value - is typically used).
Concerning the temporal scale, the internal tinep sif RCMs is typically 15-30 min which is
close to the urban scale. Often, however, outpnbisaved on this high resolution but maybe as
3-hr and 6-hr values. Concerning the spatial s¢héegrid size of RCMs is typically 25%25 km
(625 km?2) or 50x50 km (2500 km?) which is far ma®arse than the urban scale. Rainfall
intensities averaged over 1000-2000 km? are fundégaite different from point observations,
having higher rainfall frequency and much lowerrexte values. Therefore raw RCM rainfall
output cannot be used in urban hydrological apfiog, a downscaling is needed.

There are different ways to perform (spatial) raindownscaling. One common way is to adjust
the RCM rainfall based on local observations inistonical control period (bias correction).
Another common way does not use the RCM rainfatl islbased on statistical relationships
between large-scale atmospheric circulation veemlje.g. pressure and wind) from the RCM
and local rainfall. A lot of work has verified tiperformance of these approaches on time scales
of 1 day or longer, but for shorter time scalesirtlaplicability is limited. This is mainly
because the statistical properties of local raliféadtremes) strongly diverge from the properties
of grid-scale rainfall when the time scale decrsagéso the strength of relations between large-
scale variables and local rainfall decreases fallstime scales. Finally, the amount of sub-daily
rainfall observations is far smaller than the antaifrdaily observations, which makes sub-daily
adjustment and regression much more uncertain.

In light of these limitations of these establishiedhniques, another option - the Delta Change
(DC) approach - has been selected in SUDPLAN. In mxCattempt to match RCM rainfall with
observations is made. Instead the RCM rainfalhislysed only with respect to future changes.
Thus, some key property of rainfall (e.g. averageual rainfall) is calculated both for a long
period representing today’s climate (often 19616al9€aditionally) and an equally long period
representing future climate (e.g. 2071-2100). ®seliiting relative change (e.g. 15% increase) is
then transferred onto an observed time series,bg.gnultiplying all values by 1.15. By this
strategy, downscaling is achieved in the sense ttiatlocal nature of the observations is
preserved, but with a modification that reflectengedkey aspect of the expected future change as
given by the RCM.

DC was widely used in early hydrological climateobe impact assessments and is still a main
method, besides the ones mentioned above. Sinaatheapplications, more elaborate ways to
apply the procedure than only for average annualfalh have been developed, e.g. by
considering changes associated with different aflinfitensity levels. In SUDPLAN, further
development has been made (see section 3 below).

It must be emphasized that DC has its limitatidhe,main limit is the required assumption that
changes in the rainfall properties calculated atRCM grid scale are also valid for the local
scale. This is not certain, as different rainfakahanisms have different weight regarding the
different scales. For example, local rainfall extess are generally produced by convective
rainfall cells whereas grid-scale extremes may héscelated to larger-scale, frontal-type rainfall
systems. While the qualitative impact of global mvarg is likely similar in both cases, the rate

Copyright © SUDPLAN Page 7 of 30
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of change is not necessarily the same. Some studiegsmte a somewhat higher future increase
of rainfall intensity on the local as comparedhe grid scale. This indicates that the grid-scale
changes may be seen as a conservative estimdte lofcal changes.

Despite the limitations, DC is conceivably the mmdtust approach to include in the SUDPLAN
Common Services. Modification of local time serfess the significant advantages that results
(from e.g. an urban sewer model) obtained usingltvenscaled (i.e. Delta Changed) data may
be directly compared with existing results from Higtorical data. As historical data are used in
local models already, the downscaled data are thirapplicable in the local models without
another processing step This is not the case ennaltive downscaling approaches, which would
generate downscaled data also for the historicabgbei.e. simulated data that differ from the
historical observations. Then impact assessmentdveguire an additional step of evaluating
the ability of the RCM to reproduce today'’s climated the associated additional uncertainty.

4. Rainfall downscaling services in SUDPLAN

In the final version of Common Services, two typésirban downscaling of intense rainfall will
be available, for (1) continuous short-term rainfiine series and (2) Intensity-Duration-
Frequency (IDF) curves (i.e. extreme value staB3tiThis document describes the concepts
used and how the downscaling is performed inside(8 model system. Technical descriptions
concerning the Delta Change method and other coemsrof the intense rainfall part of CS
environment can be found in D4.1.2 Common Servimmscerted approach V2. The D4.1.2
document includes appendices documenting the nktwaommunication layer (OGC
communicatiof) and also an appendix which documents the techsidation of the back-back
end, i.e. how scripts can be used to communicate the native model systems, select model,
model domain and parameters, input data (time selii~ curves), proceed to execution and
then to access output. The description given in ghesent document focuses on the user
functionality, leaving the functional specificatiat service level as well as implementation
details to the D4.1.2 document. The urban raindallvnscaling mechanisms in the Common
Services V2 are now (m25) fully operational.

The two types of downscaling services, time segies IDF curves, involve a common general
chain of steps.

. Historical, observed data representing a speciication are uploaded and location
coordinates specified (e.g. precipitation station).

. Two 30-year periods are specified, one represernteghistorical observations and one
representing the desired future period to investigand a climate scenario is selected.

. For each selected 30-year period, 30-min RCM pittipn time series from five grid
boxes surrounding the location are retrieved.

. The RCM data are statistically analysed.

! Note that the rainfall specific part of the firalGC service related documentation is still (m24) cmmpleted,
however the D4.1.2 document will be updated duidg2.

Copyright © SUDPLAN Page 8 of 30
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. The estimated future changes are projected onto dbserved data (this is the
downscaling).

. The (observed and) downscaled is offered to bealissad and downloaded.

In the following, the downscaling services are diéscl in more detalil.

4.1. Continuous case: time series downscaling

In this application, the DC method is implementedransfer future changes of the probability
distribution of 30-min rainfall intensities to slerm rainfall observations. The method is based
on a frequency analysis of non-zero 30-min rainfalRCM output. Based on the analysis, non-
zero registrations in an observed series are neodifd represent the future distribution (see
D4.1.2 for further details). In the current versi@f2) no change in the frequency of rainfall
occurrence (wet/dry periods) is made, but suppaorttiiis will be implemented in V3 (see
below).

The input is a historical time series of short-teaimfall, from e.g. a tipping-bucket gauge. The
mid-point of the observed time series defines thetre of the 30-year reference period. The
main output is a time series which differs from tippoaded one in two ways (Figure 1).

1. In each time stamp, the observation year has lgg#aaced by a future target year.
2. Each rainfall registration has been re-scaled towaat for future changes in the
probability distribution of short-term rainfall ensities.

The automated CS downscaling functionality has leareloped and verified using short-term
rainfall data from Kalmar, Sweden, that are welbkmn to the developer and thus optimal for
this purpose. Figure 2 shows the first part ofdhginal and the downscaled time series. In this
data, the gauge resolution was 0.2 mm; thus afjir@ai observations have this value. In the
downscaling procedure, the gauge resolution isnasduto be variable and modified to account
for the climate change impact. In this applicatiaiarget period 70 years ahead was used, which
is reflected in the time stamps (Figure 1).

ORIGINAL TIME SERIES DOWNSCALED TIME SERIES
1991-10-01 19:04 0,2 2061-10-01 19:04 0,20666
1991-10-01 19:11 0,2 2061-10-01 19:11  0,20666
1991-10-01 19:15 0,2 2061-10-01 19:15 0,20666
1991-10-01 19:30 0,2 2061-10-01 19:30  0,19427
1991-10-01 19:39 0,2 2061-10-01 19:39 0,19427
1991-10-01 21:04 0,2 2061-10-01 21:04 0,19427
1991-10-02 14:17 0,2 2061-10-02 14:17  0,20594
1991-10-02 14:18 0,2 2061-10-02 14:18 0,20594
1991-10-02 14:18 0,2 2061-10-02 14:18 0,20594
1991-10-02 14:19 0,2 2061-10-02 14:19  0,20594
Figure 1 Example of original and downscaled rainfa Il time series from Kalmar, Sweden.

Copyright © SUDPLAN Page 9 of 30
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Besides the time series, the user will be providéh a table of percentage changes in different
key rainfall properties (mean, maximum and freqy@nseparated into seasons. Table 1 shows
these changes obtained in Kalmar during the dewatop of the CS functionality.

Precipitation (mm/30 min) Precipitation (mm/30 min)

Precipitation (mm/30 min)
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a (original time series)

autumn winter spring summer autumn winter spring
1991 1991/2 1992 1992 1992 1992/3 1993

b (downscaled time series)

autumn winter spring summer autumn winter spring
1991 1991/2 1992 1992 1992 1992/3 1993

¢ (comparative zoom-in)

downscaled

original

24-hr period with intense event from summer 1993

Figure 2 Time series visualisation of original data (a), downscaled data (b) and a comparison (c).
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Table 1 Example of general rainfall changes from K almar, Sweden
Mean rainf all Maximum rainfall Frequency of rainfall

Winter (Dec-Feb) +3.1% +9.3% -1.5%
Spring (Mar-May) +6.9% +17.8% +2.2%
Summer (Jun-Aug) -1.2% +17.5% +2.3%

Autumn (Sep-Nov -1.5% +6.1% +1.6%

Further, time series visualisation is supportedfe 2). This visualisation is based on a 30-min
time step, which is the time step used in the RGBtipitation downscaling. It is possible to
view original and downscaled time series in the fidriod or in an arbitrary part of the full
period (Figure 2a and 2b). It is also possible dorz in on individual seasons or events and
compare the original and downscaled series indheesdiagram (Figure 2c).

In the final version of Common Services, the tirreies downscaling will be extended to take
into account also future changes in rainfall fretpye i.e. number of dry and wet (rainy) periods.
The analysis of climate scenarios indicates thatréuchanges are related to a changed number
of rainfall events, rather than changes in the edemation. Therefore the frequency adjustment
procedure will be based on a statistical analysieamfall events in the RCM output. Future
changes in frequency will be simulated by eithenaeing or duplicating events in the historical
series. This document will be updated when the guore is fully developed, tested and
implemented.

4.2. Event-based case: IDF curve downscaling

In this case, the aim is to estimate the futurengbaof the rainfall intensity of individual,
extreme events as represented by the Intensitytidbnr&requency (IDF) curve (Figure 3). This
type of curve, which is widely used in urban hydgital engineering, gives the rainfall intensity
as a function of event duration and return periad frequency). Figure 3 shows a 10-year curve
(i.e. representing events that occur on average emery 10 years) and for today’s climate the
intensity associated with a 45-min rainfall is 34nfhr (observed IDF curve), implying that
every 10" year 25.5 mm of rainfall fall during 45 min in ¢hocation.

In the Common Services, the DC method is implentetddransfer future changes in short-term
extreme rainfall statistics to the historical ID&ee. This is based on extreme value analysis of
30-min rainfall in RCM output using the Extreme MalType 1 distribution (also called Gumbel
distribution). The result is a relative intensityacige as a function of duration and return period,
which may be used to obtain a downscaled IDF cbyv&anslating the historical curve (Figure
3).

Copyright © SUDPLAN Page 11 of 30
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10-year Intensity-Duration-Frequency (IDF) curve
60

Intensitet (mm/h)

45 min

10 30 min 100 1000 1 day 10000
Duration (min)

Figure 3 Example of observed (black) and downscaled (red) 10-year IDF curve

In the Common Services, the IDF curve is considarable of IDF values with intensities (unit:
mm/hr) associated with different combinations ofafiwn and return period (Figure 4). The
input to the service is a table with observed vallieshould be emphasised that in practice the
entire set of IDF curves are not always of inter@$te entire set may be interesting in e.g.
national applications, development of recommendaticetc. But in local engineering
applications it is often only a certain combinatafrduration and return period that is interesting
to downscale. The duration is related to the sfzi@ catchment and the relevant return period

is typically given by design guidelines. In thesses the IDF table will thus only consist of one
single value, as indicated in Figure 4.

Observed
[ [tyear |10yoars |50years |.. |
10 min 39 54 79

30 min 29 41 63

60min 24 45

Downscaled

| |1year |10years |50years |.. |
10 min 44 60 87
30 min 34 46 70

60 min 27 51

Figure 4 Example of observed and downscaled IDF tab  le

Copyright © SUDPLAN Page 12 of 30
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As the climatological time scale used in the rdinflmwnscaling is 30 years, the user must
associate the uploaded IDF table with a 30-yeaogexrhich becomes the reference period in
the downscaling. If the exact period of the obsgona from which the IDF values have been
calculated is known, the mid-point of this peridebsld define the centre of the reference period.
This exact period is however not always explicglyen and may not be easy to obtain; if so a
best guess is required.

The main output is a table with downscaled IDF gal(@Figure 4) available for download. If an
entire IDF curve (or set of curves) is used as tipudiagram with observed and historical
curve(s) may be plotted (Figure 3).

5. Technical solutions

The rainfall downscaling is a part of the SUDPLANMMMoN Services (CS). CS provides the
climate and environmental information to end usgough the Scenario Management System
(SMS), which is a model control, visualisation antegration workbench for all SUDPLAN
components (Figure 5). A standardized communicatidhassure an easy setup connection to
the Common Services, also for other software whecjuire climate services of this type.

Data and

models Common Services
outside

SUDPLAN A ,
Y Climate a
{ Scenarios
Scenario Management System

Orchestration Rainfall

Visualisation o Downscaling
Scenarios

Hydrological
Downscaling
City user
(Prague
region)

City user
(Stockholm)

City user Users

(Wuppertal) outside
SUDPLAN

Figure 5 Overview of SUDPLAN components. The commun ication between Common Services and
the Scenario Management System uses standardized se  rvices (OGC).

Copyright © SUDPLAN Page 13 of 30



SubpPLAN Project: 247708 - SUDPLAN

n

SOS -- SPS -- WMS -- WFES ‘ 0GC

Back-back end | RF - PanEuropean AQ - PanEuropean
- downscaling - downscaling

v
-

Service layer

HYD - Panturopean scripts, Java API
- downscaling

HYD HYD
auto- simulation
calibration

RF

ime series
- IDF

model systems,

databases ‘

{Time Eeriesj [ Fields mission

HYD
HYPE

L

-

[Tim;. Series 1 ( Geospatial

HYPE

e T L e

External computing /// - """’\*\\ .
resources ( SUPERCOMPUTER) ¢ colp.

Figure 6 Technical solution of Common Services, w ith rainfall downscaling components marked.

The technical structure of Common Services is tithted inFigure 6. The rainfall and air
guality downscaling, together with the correspogdian-European climate and environmental
information, have been implemented in an existingvwsare, the Airviro system. Input and
output data is either pointwise time series ordgaitime series. The hydrological data is based
on pointwise time series and irregular polygon dafaresenting watersheds, managed through
the existing HYPE model system. Therefore the Haatk end solutions are also separated in
two parts. The service layer does however streamiire communication to all Common
Services, so that external user will only haveditotv the OGC standards of four services SOS,
SPS, WMS and WFS in order to establish communigatio

The rainfall downscaling components (marked in Feg8) forms part of the Airviro model
system, which also support the air quality downaegal This document describes how the
downscaling is performed in SUDPLAN. Technical dggons concerning all components of
the rainfall part of Common Services environmentfasnd in D4.1.2 Common Services
concerted approach V2. The D4.1.2 document inclugjgsendices documenting the OGC
communicatiofhand also an appendix which documents the techsaation of the back-back
end, i.e. how scripts can be used to communicdtte tve Common Services, select model
domain and parameters, input data (historical ofasi@ns), proceed to execution and then to
access output. The description given in the predeciment focuses more the user functionality,
leaving the specific IT solutions for the D4.1.Zdment.

The full use of the SUDPLAN platform to manage faindownscaling will be presented by
WP6 and WP7.

2 Note that the air quality specific part of the O@@umentation is still (m24) not completed, howethe D4.1.2
document will be updated during 2012.
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5.1.

Overview of components and data flows in rainf  all downscaling

Figure 7 shows the principles for the intense ®inflownscaling. Two types of user
specifications are needed to launch a model simoutat

1.

User selections: CS receives from SMS the coordanfatlr the station, the data from which

are to be downscaled, together with some identifinaof the coordinate system and map
projection. The user has also specified which diénsgenario to use, a reference yeahy(
IDF table) and a target year specifying which future 30-yeae period to perform the
downscaling for.

User data: (1) Short-term rainfall observationgrfra tipping-bucket gauge or equivalent
on a specified format, time stamp (resolution: rtenor higher) followed by a rainfall
registration (mm) (Figure 1) or (2) IDF table witbmbinations of duration (min), return
period (year) and intensity (mm/hr) (Figure 4).

— SMS ( FROM USER |
=CS user selections: [
- station coordinates user data:
- reference year (only historical data (original
IDF) and target year time series or |DF table)
- climate scenario \_
/ scenario data: .%rs;)n: .
30-min rainfall ongina = SH-rin
time series resolution (only

SCENARIO
DATABASE

\__time series)

A

DOWNSCALING BY
DELTA CHANGE

A
Time series output:
downscaled time series
and characteristic table

IDF table output:
downscaled IDF table

A

[ TO USER

Figure 7 Components and data flows between SMS and  CS for intense rainfall downscaling

The model execution includes the following steps:
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. Extraction of 30-min rainfall time series from t68& Scenario Database, in five RCA grid
boxes surrounding the location.

. Conversion of historical time series to 30-min tiresolution, to be compatible with
scenario dataofily time series).

. Downscaling by Delta Change, including (1) estimaif future changes from the
scenario data and (2) transfer of the estimatedgdsato the historical data.

. Calculation of general rainfall changes from refieeeto scenario periodrfly time series).

In the next section, each step in the procedutkigdrated in the SMS context.

5.2. Step-by-step procedure in SMS

The rainfall downscaling involves a number of stapshe SMS. In Figure 6, these steps are
illustrated as presently implemented in the ustariace (it is assumed that observed data have
been already uploaded).

1. Find the observed data (time series or IDF tallghe left-hand column, drag and drop it
to the point of interest on the map. An illustratiaf the data is provided.

2. Choose ‘Start downscaling'.

A list of climate scenarios appear, choose theré@sine.

W

[Only IDF table]: select a reference period.
5. Select a target year, defining the centre of tha&30-year period.
6. [Onlytimeseries]: view the results as time series and table whizinges.

7. [Only IDF table]: view the results as IDF table (a) and optiondD¥ curves (b).

1. Drag and drop uploaded data to the map 2. Choose Start Downscaling from the contextual menu

py—
op— -

Y - . Bl ec = >
e 3 )
] R, || e — .

Vmn B H B A v fomn 33 5
Imn y-} a 5] " N mn ri 4 6

anebe ¥+ <% Zon . @mn 24 k1] & ] ox . fmn 24 k] s

e —— Ry, © o (TR gt (ST %

Figure 6 Step -by-step procedure of rainfall downscaling in the Commo n Services interface.
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3. Choose scenario 4. Choose reference date (only IDF table)
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Figure 6 Step-by-step procedure of rainfall downsca  ling in the Common Services interface
(continued)
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6. Design storm generator

The case of event-based rainfall downscaling (@e@i2) is complemented by a Design Storm
Generator (DSG). The principal functionality haemalready implemented but service as well
as user interface integration will be made durifd2 The IDF curve downscaling gives the

expected future volume of a rainfall event of ataier duration and return period. In urban

hydrological modelling (e.g. sewer system desitgn} volume needs to be converted into a time
series for the event. In this case, standardisexhied design storms are typically used to define
the temporal pattern of rainfall intensities (Figuf). Essentially, a design storms defines how
large fraction of the total storm volume that fatiseach time step during the event.

In the DSG, it will be possible to generate destprms representing future climate. Two DSG
versions will be available, one static and one dyina In the static case the catchment is
considered homogeneous with respect to the raimnfaihsity, i.e. rainfall movement is not taken

into account but at a certain time step all paftthe catchment experience the same intensity.
This is how design storms are typically used todiayhis case generation of future design storm
is straight-forward, it is a simple re-scaling betstorm to be consistent with the future total
volume (Figure 7).

Design storm ("raincurve”)

Vorregen Hau gen Nachregen

10 15 20 25 30 35 40 as
Zolt in Minuten

Figure 7 Example of historical (grey shaded) and ge  nerated (red) design storm (historical storm
from DWA, 2006).

It should be emphasised that the future total stastame may be estimated using the Common
Services IDF downscaling functionality but this isot mandatory. Guidelines or
recommendations may require some other specificeplare for the estimation of future design
storm volumes, such as using fixed climate factorshe upscaling. Therefore the DSG is to be
independent of the Common Services IDF downscdiingtionality, to ensure applicability and
flexibility of the tool.

The second DSG version represents a spatio-temexighsion of the design storm concept. In
the dynamic case the catchment is considered lyetieeous with respect to the rainfall intensity,
i.e. rainfall movement is taken into account andaatertain time step different parts of the
catchment experience different intensities. Raimfadvement may have a significant impact on
e.g. the discharge response in the sewer systershanudd therefore be taken into account in a
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complete functional evaluation. The dynamic verseomplemented by calculating the time lag
in different parts of the catchment (based on gstenm direction and speed) and then adjusting
the static design storm appropriately. The outpudyinamic versions of static design storms as
shown in Figure 7, in the form of space-time masi¢Figure 8).

Historical (simulated) Downscaled
Grid box: 1

2 3 4 1 2 3 4
EEEAEEE B
0 0 0 0 0 0 0 0 0 0
10 19 0 0 0 10 28 0 0 0
20 36 19 0 0 20 53 28 0 0
0 0
1

30 60 36 19 30 80 53 28
40 36 60 36 9 e 40 93 80 53 28

Figure 8 Example of historical (simulated from hist orical static design storm) and downscaled
dynamic design storms as space-time matrices.

Some complementary development concerning the iapdtthe output is needed. In terms of
input, it is suggested to define the catchmeneérms of a grid (Figure 9). One grid box implies a
homogeneous catchment, i.e. a static design stonore than one a catchment with
heterogeneous rainfall intensities, i.e. a dynadasign storm. Grid-based areal delineation is
used also in the Air Quality Common Service so thigctionality may conceivably be applied
also in the DSG. Concerning output, support mustdbeeloped to download space-time
matrices with rainfall intensities in different drboxes during different time steps (Figure 8).
Finally, it will be attempted to develop support #3D animation of the dynamic design storms,
projected onto the actual catchment (Figure 10).

The step-by-step SMS procedure for the Design stggnerator is conceptually similar to the
case of rainfall downscaling (Figure 6). In Figdrk the steps are illustrated as intended to be
implemented in the user interface (it is assumed ahhistorical design storm has been already
uploaded).

1. Zoom in to area of interest.
2. Make a grid over the relevant catchment (see FiQuoatchment

3.  Find the historical design storm in the left-hamduon, drag and drop it to the grid. An
illustration of the storm is provided.

4.  Choose ‘Start downscaling'.
5. Choose the future total volume to be used.

6. Choose the storm direction
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7. View the results as static design storms (a) anbogly 4-D animation, if dynamic
design storm (b).

s
StMagdalena

-
Johannes Kepler
Universitat Linz

Vargae
Kirnbergerwald = Friesenegg
§ Obembergen
%:a Holzheim
zing N
D E anenho&hem)‘@‘?
3
% .
Enzenwinkl G, - -;' t ‘.h‘?%:
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zing b%%""«; Posching 3
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Figure 9 Catchment delineation in the Design storm generator. The number of grid boxes

determines the type of design storm generated (stat  ic, dynamic).

Figure 10 Possible method for animation of a dynami ¢ design storm (note that the visualised data
in the illustration has nothing to do with rainfall ).
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1. Zoom in to the area of interest 2, Select generation area and grid
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3. Drag and drop uploaded design storm to the grid 4. Choose Start Downscaling from the contextual menu
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Figure 11 Step-by-step procedure of the Design storm generator in the Common Services interface.
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7a. View the downscaling results (a/lways) 7b. View the result in the map (dynamic)

y—

Vorregen Hauptregen Nachregen

. i + 1
r T T 1

Figure 11 Step-by-step procedure of the Design storm generator in the Common Services interface
(continued).

7. Conclusions

The urban rainfall downscaling mechanism in the @mm Services V2 is now (m24) fully
operational. In addition, the use of the SUDPLAMtf@rm to manage rainfall downscaling is
presented by the two pilots, WP6 (Wuppertal) and7WIEnz) (see e.g. their pilot V2 reports
D6.2.2 and D7.2.2). Moreover, future rainfall paijens have been made for both Wuppertal
and Linz that are of direct interest for those pWots and associated external stakeholders. In
Linz the downscaled rainfall data have been usesewer modelling and assessment of future
combined sewer overflow rates. The design storneiggar routines have been implemented and
tested.

For 2012 the design storm generator will be integtanto the Common Services. Further, the
time series downscaling will be upgraded with supfmr rainfall frequency adjustment.
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9. Glossary

2D Two-dimensional, typically a field that varieseast-west
and north-south direction. The field may also viar§ime
—this is typical for e.g. air pollution and popiret density.
The former varies from one hour to another whike lttter
maybe varies from one year to another.

3D Three-dimensional, typically a field that variesast-west
and north-south direction as well as verticallyeTield
may also vary in time.

4D Four-dimensional. Most often 3D field that exjily also
varies in time.

It could also be when a certain 3D parameter ¢e.qg.
particular air pollutant) also varies accordingtwmther 3D
parameter (e.g. temperature). It will then be guedio
study the variation of the first 3D parameter dsrection
of space (x,y,z) and the second parameter.

Airviro Air quality management system consisting ddtabases
dispersion models and utilities to facilitate datdlection,
emission inventories etc, see http://www.Airvirolsree/

Climate scenario Climate scenarios means the resulting climate evolution
over time, as simulated by global (GCMs) and region
(RCMs) climate models. Climate scenarios are prtsioic
certain emission scenarios that reflect differemn®mic
growth and emission mitigation agreements.

-

Common Services Common Services is the climate downscaling services fg
rainfall, river flooding and air quality, developedthe

SUDPLAN project and accessed through the SUDPLAN
platform (Scenario Management System)

Common Services server | Common Services models will be executed at a SMHI
server, accessible through OGC communication.

Emission scenario These are of three types, of which the first orteeisind
the climate scenarios used in all SUDPLAN Common
Services. The two remaining emission scenario tgpes
IPCC emission only relevant for air quality downscaling.
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scenarios

European tracer
gasemissions (air
pollutants)

Local emission
scenarios

IPCC emission scenarios are estimates of future global
greenhouse gas concentrations based on assumaiions
global development (economic growth, technical tgwe
ment, mitigation agreements, etc). During the fingi
years of the SUDPLAN projects, the climates scesari
based on SRES (Special Report on Emission Scepario
A1B scenario from the™assessment have been used. T
SRES emission scenarios do not include emissiottseof
pollutants of interest for air quality. If avail&dihe climate
scenarios based on th8 &ssessment RCP (Representat
Concentration Pathways) emissions scenarios veidl be
used within the SUDPLAN project. They include
emissions of air pollutants.

European tracer gas emissions (air pollutants) thus may or
may not be included in IPCC emission scenarios. For
creating Pan-European air quality fields under aten
scenarios driven by the SRES A1B emission scenario,
SUDPLAN uses tracer gas emissions from the momente
RCP emission scenarios. This inconsistency wikdlged

when climate scenarios based on RCP emission sognar

are available.

Local emission scenarios (to the atmosphere) are those 0
particular European city. These will to a largeesxt
influence future air quality in the city, but haltle
influence on global climate, nor do they influeradce
pollution concentrations in incoming long-range
transported air. SUDPLAN will typically need gridtle
emissions with 1x1 km or finer spatial resolutiGni@put
to its urban air quality downscaling model.

Y

'he

ive

fa

Hind cast

A simulation of a historical period. Oftdone to compar
model simulations with data which is available dgrthat
period.

Hot spot

Point (or small area) which is very differ from its
surroundings. In the present context, most oftegh
concentrations of air pollutants, or extreme meikegical
conditions.
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Information product

Raw data, such as the restlisathematical modelling,
and the analysis thereof, will often need to bekpged in
such a way as to be accessible to the variousrstalers
of an analysis. The medium can be one of a widetyar
such as print, photo, video, slides, or web pagks.term
information product refers to such an entity.

Mockup

A model of a design used for demonstratirge
functionality of a system.

—

Model

A model is a simplified representation of a system, usug
intended to facilitate analysis of the system tigiou
manipulation of the model. In the SUDPLAN conteh t
term can be used to refer to mathematical models of
processes or spatial models of geographical estitie

,_

PMio

‘PM10’ shall mean particulate matter which pas$esugh
a size-selective inlet as defined in the referanethod for

the sampling and measurement of PM10, EN 1234, avi

50 % efficiency cut-off at 1m aerodynamic diameter;

PM; 5

‘PM2,5" shall mean particulate matter which pas
through a size-selective inlet as defined in thferemce
method for the sampling and measurement of PM2\b
14907, with a 50 % efficiency cut-off at 2,hm
aerodynamic diameter;

SES

Profile

Within SUDPLAN gorofile is a set of configuration
parameters which are associated with an individual
group, and which are remembered in order to fatdit
repeated use of the system.

Regional downscaling

A climate scenario may be dmaled to a higher spatial
resolution, typically 25-50 km, by a Regional Clima
Model (RCM). The regional downscaling in SUDPLAN
will be performed by SMHI's RCM (RCA, see belowar
will generate climate scenarios at 44 or 22 km lcggm.

Report

Areport is a particular type of information product whicl
is usually static and might integrate still imag&stic data
representations, mathematical expressions, andtarto

communicate an analytical result to others.

—
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Scenario

Ascenario is a set of parameters, variables and other
conditions which represent a hypothetical situgtand
which can be analysed through the use of modedsder
to produce hypothetical outcomes.

In SUDPLAN a scenario is an individual model sintigia
outcome to be used in urban planning. The model
simulation may or may not include Common Services
downscaling (with specific input) and may or may no
include a local model simulation (with specific ut@nd
parameters).

Scenario Management
System

Scenario Management System is synonymous with
SUDPLAN platform

Scenario Management
System Framework

The Scenario Management System Framework is the main
Building Block of the Scenario Management Systdm. |
provides the Scenario Management System core
functionalities and integration support for theasth
Building Blocks.

Scenario Management
System Building Block

Scenario Management System Framework is compose
three distincBuilding Blocks: The Scenario Management
System Framework, the Model as a Service BuildilogiB
and the Advanced Visualisation Building Block.

Street canyon

Volume between high buildings inesitiDue to poo
circulation (and high emissions) prone to pooraaiality.
Street canyons have unexpected circulation patténos
dedicated models are needed to study air polliters.

SUDPLAN application

ASUDPLAN application is a decision support system
crafted by using the SUDPLAN platform and integrgti
models, data, sensors, and other services to imeet t
requirements of the particular application.

SUDPLAN platform

TheSUDPLAN platformis an ensemble of software
components which support the development of SUDPL]
applications.

SUDPLAN system

SUDPLAN systemis synonymous with SUDPLAN
application

d of

-

AN
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Urban downscaling This refers to further downsapbhthe regional climate
scenarios for Europe to the urban scale within SLANP
This will be possible for

a) rainfall/precipitation where the temporal resolution will
be 30 minutes or less. The spatial resolution vglthat of
a precipitation gauge, i.e. representative foriatpather
than a certain area.

b) hydrological variables (river runoff, soil moisture etc)
where the temporal resolution is daily and theiapat
resolution linked to catchment areas which pregaratunt
approximately 35000 and with average size 246. km

c) air quality (PM, NO2/NOx, SO2, O3, CO). The temporal
resolution will be hourly for gridded output fieldsd the
spatial resolution typically 1x1 kilometres.

User The ternuser refers to people who have a more or less
direct involvement with a system. Primary users are
directly and frequently involved, while secondasgrs
may interact with the system only occasionallytootigh
an intermediary. Tertiary users may not intera¢hwhe
system but have a direct interest in the perforraaric¢he
system.

Web-based Computer applications are said todiebased if they rely
on or take advantage of data and/or services wdrneh
accessible via the World Wide Web using the Interne
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10. Acronyms and Abbreviations

Acronym Description

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

Airviro Air quality management system to facilitatata collection, emission
inventories etc, se&tp://www.airviro.smhi.se/

CS Common Services

AVDB Airviro Time Series database (used for storag€ommon Services)

AR4, AR5 Fourth and Fifth Assessment Report of IPCC

AQ Air Quality

C API Application Programming Interface written@n

CMIP5 Coupled Model Intercomparison Project, pHageoordinated model
exercise in support to AR5)

CS Common Services (SUDPLAN functionality)

CT™M Chemistry Transport Model

CTREE FairCom CTREE database (Index database o¢@eDB)

DBS Distribution-Based Scaling, a method to biagexi (i.e. remove systematic
errors in) the temperature and precipitation ofRI@M output

DoW SUDPLAN Description of Work

DSS Decision Support Systems

ECHAMS GCM developed at Max Planck Institute fortil@rology, DE

ECMWF The European Centre for Medium-Range Wedtbegcasts (also co-
ordinating FP7-SPACE project MACC)

EDB Airviro Emission database

EEA European Economic Association

E-HYPE HYdrological Predictions for the EnvironméRuropean set-up),
hydrological rainfall-runoff model developed ancdsy SMHI

EM&S Environmental Modelling and Software

ESA European Space Agency

ESDI European Spatial Data Infrastructure

EU European Union

GCM Global Climate Model or, equivalently, GeneCatculation Model.
Physically based computer model that simulateglitieal climate on a 200-
300 km resolution. Can be used both to reprodusterical climate and
estimate future climate, e.g. in response to chaiggreenhouse gas
concentrations.

GTE Georeferenced Time-series Editor

GIS Geographic Information System

HadCM3 GCM developed at Met Office Hadley Centr&, U

HIRLAM High Resolution Limited Area Model, numericaeather prediction model
developed and used operationally by SMHI
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ICT Information and Communication Technologies

ID Identifier

IDF-curve Intensity Duration Frequency-curve, aveufor a table of values) showing
the rainfall intensity associated with a certaimadion (i.e. time period) and
frequency (i.e. probability, generally expressea asturn period).
Calculated from short-term rainfall observationd andely used in design 0O
urban drainage systems.

IEMSs International Environmental Modelling & So#ive Society

IFIP International Federation for Information Prssiag

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

IPR Intellectual Property Rights

ISAM Indexed Sequential Access Method, a methodnidexing data for fast
retrieval

ISO International Standardization Organisation

ISESS International Symposium on Environmental\Bafé Systems

IST Information Society Technology

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

MODSIM International Congress on Modelling and Slation

OASIS Organization for the Advancement of Structured imfation Standards

Open Advanced System for Disaster and Emergencyalyjiament (FP6
project)

OGC Open Geospatial Consortium

Oo&M Observation and Measurements

ORCHESTRA Open Architecture and Spatial Data Infrasure in Europe (FP6 IST-
511678)

0OSGeo Open Source Geospatial Foundation

OSIRIS Open architecture for Smart and Interoperabtworks in Risk manageme
based on In-situ Sensors (FP6 IST-33799)

PMC Project Management Committee

RC Rossby Centre, climate research unit at SMHI

RCA Rossby Centre Atmospheric model, RCM develdpe8MHI and used in
SUDPLAN

RCM Regional Climate Model, commonly used to inseethe spatial resolution ¢
climate scenarios to 25-50 km in a specific region.

RCP4.5 Radiative Concentration Pathways: A sebwf €mission scenarios to be
used for the AR5 simulations. The scenarios areaedaaccording to their
radiative forcing at 2100, e.g. 4.5 Wim

RNB Airviro Field database

SANY Sensors Anywhere (FP6 IST-033654)

SDI Spatial Data Infrastructure

SISE Single Information Space in Europe for theiEtmment
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SISE Single Information Space in Europe for theiEtmment
SMHI Swedish Meteorological and Hydrological Inst&

SMS Scenario Management System

SOA Service Oriented Architecture

SOS Sensor Observation Service

SPS Sensor Planning Service

SWE Sensor Web Enablement

SUDPLAN Sustainable Urban Development PLANner fonate change adaptation
SWE Sensor Web Enablement

Thd To be determined

UWEDAT AIT environmental data management and maimntgpsystem
WCC World Computer Congress

WCS Web Coverage Service

WEFS Web Feature Service

WP Work Package

WPS Web Processing Service

WMS Web Map Service
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