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INTRODUCTION TO UPDATE

This updated report contains the entirety of theR#UN End-user Requirement Speci-
fication, finalised in May 2018, but with the addédpendix 4 update of the Final End-
user Report, a short document profiling how andthat extent MUFFIN has been able
to meet the needs of the end-users, as specifige inody of the report.

1 BACKGROUND AND AIM OF THE END-USER REQUIEMENT
SPECIFICATION

Urban flooding, caused by extreme rainfall in conalbion with large areas of impervi-
ous surfaces and limited capacity of storm wateresesystems, is a major hazard today
and is expected to increase in northern Europbeaslimate changes. The development
of early warning systems and urban flood forecgssiystems are therefore crucial to
the security and sustainability of cities.

The Swedish Meteorological and Hydrological Inggt(SMHI) together with partners
from the Technical University of Delft (TUD), Aalbg University (AAU), Aalto Uni-
versity (AALTO) and the Swedish Geotechnical Inggt(SGI) are cooperating in a
study on Multi-scale Urban Flood Forecasting: Filooal tailored systems to a pan-
European service (MUFFIN).

The aim of MUFFIN is to bridge the gap betweenuhgan and large-scale hydrologi-
cal modelling communities and develop innovativasdor reducing the urban impacts
of extreme precipitation, including sensor techgglsystems for interpreting and
communicating data, and monitoring networks thaditaantribute to improved integrat-
ed risk management solutions to urban floods.

WP2 on “End-user value” has as a goal to optinheegrocess and outputs of the pro-
ject with respect to practical value for relevamd-@iser categories. This is to ensure that
the flood forecasting meets the specific and cdeaneeds of the urban users and can
be integrated into their existing organizationalistures and current use of forecasting.

2 METHODS

2.1  Triangulation

To specify the end-user value, SGI prosed a threegpor triangulation method to un-
derstand the needs and requirements of the MUFRtNusers. Triangulation means
using more than one method to approach a studgwlijean consist of mixed qualita-
tive and quantitative methods. They goal is thaséhmethods complement one another
and help to enrich the analysis and the interpoetatf the results. In the MUFFIN case
these three methods to ascertain end-user requitsroensisted of 1) an international
Workshop in February of 2017, 2) an End-user suaginistered in December 2017
and in-depth telephone interviews with end-usetdamember 2017- February 2018.

Figure 1 Triangulation method used by the MUFFIEtefor end-user requirements.

4 (46)
MUFFIN End-user specification report



G

\
International Video Workshop
February 2017
Qualitative method/results
On-line survey Telephoneinterviews
December 2017 December 2017 — March 2018
Quantitative method/results Qualitative method/results

2.2 End-user identification and inventory

The first step in the determining the end-user ireguents was to identify all potential
stakeholders. Sometimes these terms stakeholgsns and end-users are used inter-
changeably. But we have made the following distoms:

In general, atakeholder is any person who has a “stake” or interest inlecy or
knowledge question. This is a very broad categadyiacludes both persons involved
in making a decision or providing knowledge as vaslthose affected by it. This in-
cludes politicians, planners, administrators, haweers, knowledge providers, users
and end-users of a service, and private intereisiEsociety, citizens of all ages that are
affected by a decision.

A user is person or organization that uses an intermeghadduct or service in order to
provide a final product or service. A&nd-user is person or organization that uses and
gains the benefits of a final product or a service.

Thus we started out quite broad with an extensidkvaide list ofstakeholdersvho

might be interest in the project and who could ptédly contribute to the societal rele-
vance of the project, such as national and regiauatiorities We then focused on those
userswho could potential use the MUFFIN results, susla@ademics and consultants
and as well thend-userswho were mainly the partners and end-users spddaif the
case studies in Aalborg, Espoo and Rotterdam.

Stakeholder lists and contact details were drawatupe beginning of the project by
the Swedish, Dutch, Danish and Finnish partnershiat included the following cate-
gories of end-users (where relevant in each case):

* Local authorities

* Regional authorities

* National authorities

* Local and Regional waterboards

* National waterboards

» Consultants and commercial users
» Academics

We then used these lists as a basis for invitatiotise workshop, e-mail addresses for
the on-line survey and for choosing the telephoterviews. The goal was to have con-
tact with each relevant stakeholder group for eade
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We also gained a great understanding of the nefétie @nd-users in our discussions
with the MUFFIN Advisory Board members.

3 THE MUFFIN INTERNATIONAL VIDEO WORKSHOP

The MUFFIN End-user Workshop was the first of thmeethods used within the project
to discern the specific needs and requirementsiaiial end-users. It was the first
task in this Inventory and requirement specificaifp. 2.1), together with a survey to a
broader range of end-users and 4-5 telephone ietes\performed later in the project.

On 28 February 2017 the project team welcomed ped@nd users to the workshop
with the aim to:

"1 gain an understanding of how end-users curresgydata on urban flooding,
1 identify end-user needs and gaps in the use @ainuilboding forecasts

"1 identify how the MUFFIN-project can help to fuléhd-user needs.

3.1 Workshop agenda and structure

The MUFFIN workshop was held on 28 February 201 Niorrkdping (at SMHI), Delft
(at Technical University of Delft), Espoo (at Aaltimiversity) and in Aalborg (at Aal-
borg University). Via video we connected all foactions for plenary sessions in Eng-
lish and then had break-out sessions/discussioeadn country in national languages.

The workshop was held from 09.30-15.30 CET (10.8(BQ EET). See Figure 2 Brief
workshop agenda. For the extended workshop ageedAagendix 1.
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Figure 2: Brief workshop agenda

09.30-10.00 CET

Coffee and registration

10.00-10.45 CET

Plenary: Introductions, MUFFIN objectives and Work Package presentations
SMHI, TUD, Aalto, Aalborg, SGI

Block 1: Today’s situation: End-user limitations and needs

10.45-11.10 CET

Locally discussions- Today’s situation:
e How do you currently use flood simulation and forecast data in your
work?
e  Which type of data do you use today?
e What limitations have you experienced in this work?

11.10-12.00 CET

Local brainstorming:
e What are your current needs for data — before, during and after the
flood?

12.00-13.00 CET

Lunch

Block 2: “The perfect flood”: What can MUFFIN contribute to the local cases?

13.00-13.40 CET

Plenary: Short wrap-up presentations from morning sessions from each city.

13.40-14.40 CET

Local Brainstorming:
e Presentations of each site case study
e How can MUFFIN contribute within each site?
* Discussion

14.40-15.00 CET

Plenary: Reports from each group

15.00-15.30 CET

Plenary: General discussion, summing up and next steps and coffee.

3.2 ldentifying the end-users

Early in the project the project partners were dgkemake a gross list of all potential
stakeholders of the MUFFIN results. The end-usenewategorized as 1) local authori-
ties, 2) regional authorities, 3) national authesit 4) water organizations , 5) emergen-
Cy services, 6) consultants and commercial usas/aacademics. Invitations were
sent by each partner to most of the end-usersenrespective lists. See Appendix 2
for the full list of participants.
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The total number of participants was 40, of whi&hakere project partners and 25 were
end-users. See Appendix 2 for a list of all pgyiats, e-mails and user category.

MUFFIN Workshop participants

Local Regional | National Water Emergen-| Consult- Academics | Total
authorities| authorities| authorities| organisa- cy ser- ants / (incl project
tions vices Private partners)

SMHI 1 3 2 4 5 15
Aal- 1 3 3 7
borg
TUb 1 1 5 7
Aalto 1 2 2 2 4 11
Total 4 2 6 3 2 6 17 40

Table 1. Muffin Workshop participants

3.3 Running the workshop

The first video plenary began with the projectieawelcoming all participants. Each
participant briefly introduced themselves. SMHIrlgave an introduction to the
MUFFIN objectives and presented some multi-scaérgdes. TUD presented WP3 on
Hydro-meteorological data, Aalborg presented WP&dran flood forecasting,
AALTO presented their case study on Storm wateragament and SGI presented
WP2 on End-user value as well as the objectiveseotvorkshop

After the first plenary, sessions broke-out localiyh two-three chosen end-users in
each city briefly presenting 1) how they currentbe flood simulation and forecast data
in your work, 2) which type of data that they ugsday, and 3) what limitations they
have experienced in their work.

These presentations provided background to teelfical brainstorming sessions
where participants (in smaller groups) discussed tturrent data needs, before, during
and after the storm, in terms of resolution, gephi@coverage, lead time and accura-
cy/certainty.

After the lunch break, the participants met in plgnagain for short wrap-up presenta-
tions from morning sessions from each city. Theesdadies were then presented in
each local break-out session, which was followedibgussions on what the MUFFIN
project could contribute to each site. In the fipl@nary the groups presented the dis-
cussions from the afternoon with a general disomssf how the cases could learn from
each other and the next steps of the project.
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4.1

WORKSHOP RESULTS

End-user current needs

4.1.1 Data needs before the flood

How could the data available to end-users on rhiftfieecasts and/or urban flood fore-
casts (before the flood) better meet your neetls nggard to:

Table 2: Data needs before the flood

SMHI

TUD

AALTO

AAL-
BORG

Resolution

Resolution should be
higher — need to know
what might happen,
ground water levels,
hydrological boundaries

Resolution linked to
certainty

Currently weather
forecasting model is
HARMONIE at 2.5 km
with updates every 3 h
at Western European
scale

Model-specific data
input resolution

Sufficient resolution

Coarse resolution fore-
casts are usable to
advise municipalities

Coarse resolution fore-
casts would on catch-
ment size would suffice

MUFFIN End-user specification report

Coverage

Cloudbursts
very local and it
is hard to get
correct dimen-
sions

Updates needed
on elevation
data for models

Need to include
topography,
land use and
hotspots

Exact location
not relevant
now

HARMONIE
sufficient

Catchment scale

Stormwater
network data in
not all FI

Location and
condition of
culverts

Local coverage,
but potential for
national

Catchment size
coverage

Lead Time

1-2 hours is good to
allow for action,
physical and mental

Time period is short
for contingencies

Exact timing not
relevant now

Forecasts interpret-
ed qualitatively
looking at possibil-
ity of heavy rain in
coming day or hours

Warnings 10-12
hours ahead useful
but could be uncer-
tain

According to re-
quirements of
emergency services
response time

At least a few hours
for certainty

Extreme, flood
producing events:
few hours- <1 day

5-6 hours for urban
areas, 1 week for
catchment areas

9 (46)

Accuracy

Need for more

Other

Lots of information

accurate forecasts available, but need help

but the data must
be correct

Avoid warning
too often

Coordinate
among authori-
ties for classifica-
tion of warnings

Info on intensity
and duration very
important

Better spatial
accuracy needed

HARMONIE
Resolution and
accuracy could
be improved,
especially for
heavy and fast-
developing rain
events.

Models calibrat-
ed before flood
so that there is no
extra uncertainty
during the flood

Need for high
accuracy or come
with uncertainty.
Limit false warn-
ings

to interpret data

Because of short time
tween warning and
downpour it is good to
have clear maps on
various scenarios and
type of rain

Pumping stations in
Rotterdam based on
local water level obser-
vations in pump cham-
bers and not quantitative
info on past or future
rainfall

Decisions on closures
and evacuations based
on field info, not rainfall
info

Updating the design
rainfalls and uniform,

e.g. Internet based
search service (e.g. using
constant or stochastic
rainfall)

Level-based prepared-
ness

Climate change impacts

Not much potential for
use in sewer drainage
systems

What can forecasts be
used for? Warnings?



4.1.2 Data needs during the flood

How could the data available to end-users fortieat observations (during the flood)
better meet your needs with regard to:

Table 3: Data needs during the flood

Resolution Coverage Timing Accuracy Other
SMHI Better resolution More problems | Forecasts during Usually the
needed in time and with flooding in | floods influence | pluvial flooding
space small streams measures. is what causes
and on small Observations problems
No.need for forgcasts roads can be linked to .
while the flood is forecasts Hydrologic
happening. But want | Need to take soil nowcasts (SMHI
to know “when will moisture into There are limita- home page) are
the rain stop?” (which | account tions in data for | very good.
requires a forecast) immediate
evaluation of the Update the .
event documentation
TUD Currently no
rainfall data
and/or forecasts
are used during
flood, but city
managers and
water boards are
interested in
making better
use of available
data
AALTO Merging of Real-time ob- Interest in using
radar and rain | servation of public observa-
gauges (needed| stormwater flow tions and
for online simu- | network not crowdsourcing
lations- FMI) sufficient data
Real time ob- Photo documen- Documentation
servations from | tation of flood with photos and
stormwater web-cams
network and Delay betvyeen
ditches event and in-
forming the
public
AAL- High resolution for National and Lots of real-time| High accuracy | On-line analysis
BORG better management of, urban coverage | data already and known of observations
waste water . available with levels of uncer- | rather than staff-
. . Slngle o.bserva- limited lag time | tainty are im- monitoring
High resolution oxy- | tion station , portant

gen measurements more coverage | More real-time
have potential for real- for river systems data needed.
time control of draina-| on catchment Very few on-
ble from fields etc. size line measure-
ments available.

Possibilities for
real-time control
limited

On-line observa-

tion of oxygen

levels relevant

10 (46)
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4.1.3

Data needs after the flood

How could the data available to end-users for easséssment (after the flood) better
meet your needs with regard to:

Table 4: Data needs after the flood

SMHI

TUD

AALTO

AAL-
BORG

Resolution

Lack of high resolution time
and spatial rainfall measures
make it difficult to reproduce

events

High resolution rainfall data
and time series at pumping

Coverage

Lack of distribution
data for research
purposes — where
does the rain go?

Big difference in
data for urban and
non-urban areas

Need for more
rainfall monitoring
stations

No info on spatial
distribution of

stations can help better under+ainfall provided

stand and operate the pumps

Spatial resolution rainfall
products need to be about

100m, and 1 min to accurately

capture storm dynamics .

Now at 1 km and 5 min

Information to media about
return period of flood using

interesting resolution

High spatial and temporal
resolution important — basis
for new solutions and adapt-

ing to climate change

High resolution for reanalysis

and insurance

MUFFIN End-user specification report

Data-producers:
which locations
need special atten-
tion?

Collection of flow
rates and depths in
as many locations as
possible in storm-
water network

Qualitative info
(drone photos) on
areal extent of
flooding

E- Radar and rain
gauge available at
urban scale — would
like on national
scale

More data at catch-
ment

Timing

No info on
temporal
distribution
of rainfall
provided

Desire easy-

to-use visual-

isation after

event for area

and time
period
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Accuracy

Evaluate return
time, intensity
and duration .

Evaluate how
the forecasts
matched what
happened

Need for valida-
tion and sharing
of info

Currently rain-
fall data is more
accurate than
the models/flow
data used for
event recon-
struction

Reliability of
rainfall infor-
mation, etc. who
has responsibil-
ity to assess how
rare the event
was?

How to come to
a common
understanding of
the magnitude
of the event?
What is normal?

High accuracy
and known
levels of uncer-
tainty important

Other

Learn from others how
events are managed,
level of competency in
municipalities is

linked to resources-
lots of variation

Need for documenta-
tion in terms of levels
and damages of actual
rainfall. Guidelines for
requirements and legal
responsibilities

Reporting of rain
accumulation done
using single KNMI
station at Rotterdam
airport

Crowd-sourcing data

Photos from Pronto
system

Aerial images

Archiving and analys-
ing old events

Historical conditions

of river water. Easily
processed data formats
(e.g GIS)

Ensure that knowledge
is not forgotten

Observations of stream
water bed erosion
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How can MUFFIN contribute to meeting end-user n  eeds?

Table 5: What specifically would you like to seeaagutput of MUFFIN?

SMHI

TUD

AALTO

AALBORG

Before the floodCoordinate forecasts for pluvial and fluvial warnings, help municipadis using
the data and documents available, what are theeqaesices of the rain? Different types of warnings
to public authorities and general public.

Coordinate data for local purposes, take soil moisture into account, help with intetmng the
ensemble forecasts (which are most likely and whighworst-case), more information on the extent
of the error on the geographical distribution

Before/during the flood: Use more data on run-adfed depth of flooding, more rain gauges for
more correct data, help for smaller municipalitegrepare for downpour (e.g GIS resources), focus
also on small watercourses, document as much ahpoduring the events, levels, actual rainfall,
photos).

After the flood: Validation of models, data on @dtructure, visualisations after the flood.

More clarity on responsibilities, before, duringdaafter the flood; Information on low water levels;
What can Sweden learn from the other MUFFIN casdiet? More comparative aspects

Rotterdam: Better integrate rainfall data and fastg into decision-making and emergency man-
agement services — before, during and after troalflo

The Netherlands uses the HARMONIE model but woildel fo have higher resolution and accuracy

12-14h lead times cannot be spatially detailedcmde with large uncertainties. Radar-based fore-
casts more accurate, but only over short lead times

What types of actions and preventative measurededaken on the different types of information?

Better coupling of high-resolution rainfall obsetiga forecasts with 3Di hydrology-sewer ground:
water model

Flood forecasting/early warning and assessmenbapling of rainfall and flow/water levels and or
(3Di) model outputs. First evaluation for Rotterdam

In the Netherlands, rainfall forecasts are lookegualitatively to decide how to operate the pump-
ing stations. But the city of Rotterdam is inteeelsin developing a more quantitative approach based
on past, current and future rainfall data.

Visualization of rainfall depths (with different return periofds rain events, breaks in traffic routs / detours,
location of valuable property. How? Map-based Vigations via internet, probabilistic ensemble lbgisual-
izations, same colour scheme as typically in flagdnaps.

Improved prepar edness. warnings earlier enough, self-directed precauatigractions, informing
rescue services early, clear division of respolisds, prior planning of actions, informing local
residents and operators; flow routes, detentiombasd other structures, current knowledge often
insufficient.

Assessment of consequences. prior assessments , analysis and archiving edfiisl flood events,
digital elevation and drainage network data usddentifying flood risk areas, location of histalc
floods.

Other: Role of areas under intensive urban developnaerther operational FMI weather radar in
capital area and denser gauge network, new knowlatlgut parameterization of SWMM model for
Finnish conditions, gathering existing informatimout pluvial flooding risks.

General method developments rather than case-gpadgualised web/SMS. Question is who is the
end user.. readable data formats. GIS compatibhedts.

On-line monitoring of hydrological parameters, ghdbcumentation during events, input to hydrau-
lic models combining various elements.

Integrated models including relevant aspects ohtfurological cycle: rivers, groundwater, drainage
system,. Important to include all.
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Performance of forecasts: radar, NWP

Multi scale approaches sounds interesting, butueseds are in principle unconcerned with the
“road” to the flood warnings — they are only int&em in the output.

4.3 FINAL PLENARY DISCUSSION
The final plenary discussion focused on a few qoest

Towhat extent can we compare and learn from one another?

End-users were interested in comparisons amoncgatbee studies and between countries
in order to facilitate transnational learning. He®eend users realised it might be diffi-
cult to draw many specific conclusions across #ees, as they are quite different in
how they play out in real life. What we can compa@vever, are the processes and
here we may be able to draw some general conclisioout how

Whereisthe most value added in the forecasting chain?

There are different values for different usersthim Rotterdam case, for instance, there
may be added value in providing high-resolutiomfial forecasts, which usually do not
enter the process. In Espoo better land use datdvwadd value. In Aalborg the focus is
on both modelling and rainfall issues and the emagjé to combine and compare the
two. In Denmark, a holistic mind-set and monitoraggoss different water disciplines,
such as groundwater, river water and climate atiaptadds value. In Sweden there is
a great opportunity to get data and studies ahdnatruflooding. We don’t know how to
compared different local scenarios but we can coenfithe experiences. More general
knowledge about urban flooding is always good. ASR#IN progresses we have a
good basis for more concrete work.

4.4 Summary of data needs before the flood:

Sweden requests highmssolution, Finland would like model specific data input reso
tion, and in Denmark coarse resolution at catchrmetwould suffice. Netherlands
uses HARMONIE model and this is sufficient.

Geographical coverage was also requested at catchment area and facithisas eleva-
tion data and topography (Sweden) and locationcandition of culverts (Finland)
were important. In Denmark there is a potentialfational coverage.

Needs follead time on rainfall forecasts and urban flood forecastsedadepending on
how the warnings would be used. Shorter lead tifheshours) are more certain and
enough to allow for some action, both physicalaiand mental preparedness. The
requirements of emergency services should be takemccount. Longer lead times are
useful for longer-term planning, but are less d¢ertim the Netherlands lead times of 12-
14 hours are necessary for preventative work (orgeaxtra pumps, sewer mainte-
nance) and shorter lead times (1-2 hours) areaukfed pre-pumping to lower water
levels, etc.

End-users required moeecuracy in the forecasts, especially in terms of intenaity
duration of the rainfall. There was also the neeavoid extra uncertainty and to limit
the number of false alarms.

13 (46)
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Other factors important before the flood includiee heed for municipalities to have
help interpreting the data (Sweden), interest enttbw the forecasts could be used for
warnings (Denmark) and including climate changedotp (Finland). In the Nether-
lands rainfall forecasts are looked at qualitatiybut decisions for operating the pump-
ing stations in Rotterdam are based on water lehysérvations in the pump chambers
rather than quantitative information about rainfall

4.5 Summary of data needs during the flood

Higherresolution real-time forecasts would be useful for better aggament of waste
water and drainage from fields etc. (Finland) bptessing question (Sweden) is also
“when will the rain stop?”. Theoverage of the observations during the flood should
also include observations from the storm water ngtvand ditches and the merging of
radar and rain gauges (Finland) single observatiations and catchment areas (Den-
mark) and also smaller streams and roads (Swelllem@ real-time observations with
limited time lag were needed during the flood, but there are litois in the data for
immediate evaluation of the eveAiccuracy was also important for the real time ob-
servations as well as the known levels of certainty

In the Netherlands rainfall data and/or forecastsn@t used during the flood, but city
managers and water boards are interested in mkitgy use of the available data. In
Finland there is interest in using public obseadiand crowdsourcing data, as well as
photo and web-cam documentation. In Denmark, omdimalysis of observations were
relevant.

4.6 Summary of data needs after the flood

High resolution temporal and spatial forecastsnaeded to reproduce events, for anal-
ysis and as a basis for new solutions. This infdionas largely available at urban scale
in DK and SE, but would be useful at a nationalesead for non-urban areas as well.
There was a general need for more rainfall mompstations. Accuracy in the fore-
casts can validated by evaluating how well thedasés matched what happened.

Documentation, analysis and archiving of the datduding aerial images, crowdsourc-
ing data, historical conditions, flow/water levélservations in some points in drainage
system, water level measurements in rivers/streamsn easy processed formats and
documentation on the damages of rainfall - areomamt to ensure that knowledge is
not forgotten and that others can learn from hoenévprogressed and were managed.
In general there was some discussion about whiohnration should be reserved for
the authorities and which for the general publicthe Netherlands reporting is only
done from registered complaints. The local auttesriknow little about probabilistic
forecasts and need to learn to deal with foreaastertainties as well as how to com-
municate uncertainty.

4.7 What can MUFFIN do to meet end-user needs?

There was obviously some variation in end-user si@sdhe nature of the local case
studies and the role of the participants in theksioop varied. Each case study area has
received specific feedback from end-users on howMIN might be able to meet their
needs. Itis more difficult to draw more genem@hdusions on how the MUFFIN pro-
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ject as a whole could better meet end-user regeinesnBelow are some brief recom-
mendations ensuing from the results of the workghapmight be considered by the
MUFFIN team. At the moment they are only suggestifam adding value for end-users
of the MUFFIN project. How they can be implementatl be further explored in the
guestionnaire and in the interviews, and shouldibeussed within the project group.
MUFFIN is not able to fulfil all end-user requirenms and many of the suggestions
from discussions in the workshop are outside efstope of MUFFIN. However,
MUFFIN can still be sensitive to how project result into the broader picture of end-
user needs.

1) Local and regional actors were interested in acewrad high resolution fore-
cast data at local level or catchment scale, wialeonal actors were interested
in a larger geographic coverage. Longer lead-tiwere also requested for long-
er term preparations, but there was an understgridat lead time and resolu-
tion are linked to level of accuracy and uncertaifihere was general agree-
ment that warnings should not be given unnecegsaril

* MUFFIN can continue to explore the added valugeasolution and lead
time in terms of accuracy and uncertainty, bothonatly (SMHI) and in the
case studies.

* MUFFIN can consider how forecasts can be usedmsg o authorities to
enable them to optimize when and how often warnargsgiven.

2) Local actors also desired more guidance in howmteerpret forecasts (such as
ensemble forecasts) and how to interpret leveisoértainty. Actors also were
interested in the consequences of the forecasts.

* MUFFIN can provide short user-friendly guidance grapabout how the pro-
ject’s forecasts and monitoring can be utilizedhsy various types of actors
and how the uncertainly associated with the fortsozan be interpreted.

3) Documentation of flooding events, particularly reéale documentation, is im-
portant for flood management.

«  MUFFIN can consider more merging of data not onbyrf rain gauges and
from radar, but also real-time observations fromgkneral public, including
photos and web-cams at critical locations.

4) End-users expressed the desire to understand rs®s cauld learn from each
other, and which methods, experiences and bediggacould be transferred.
While the case studies focus on various aspectsealds of urban flooding,
some of the processes can be compared and codtraste

* MUFFIN can consider a framework for comparing aodtrasting the pro-
cesses in each country of how cases work to brigifie gap between urban
and large scale hydrological models and specifitsttor reducing the im-
pacts of precipitation.
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5) The added-value of MUFFIN is to provide input tgpiove the preparedness for
end-users, both before and during flooding evergsyell as in the analysis
post-event. The knowledge base provided by MUFFhhot solve issues such
as determining who has responsibility in timeslobdiing or how agencies co-
ordinate their work during a flood. But it can lBnsitive to understanding how
the MUFFIN results might be used (or misused) dutire flood phases and
forward the question to the national decision mgker

* MUFFIN can consider, in a complementary projed¢hatend of the project
or shortly thereafter, an evaluation on how resulise actually utilized by
end-users.

Photo: L. Van Well, SGI
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S ON-LINE END-USER SURVEY

To ensure that the flood forecasting and obsematineet the specific requirements of
the relevant end-users, the MUFFIN project gatheradmation on end-user needs in
an on-line survey in order to gain an understandirfgow urban hydrological observa-
tions, simulations and forecasts are used todaywuede the gaps are.

The on-line end-user survey was the second stieitriangulation process for deter-
mining end-user requirements and needs. All prgadners in each of the four coun-
tries were involved in helping to formulate thevay. Initially this was intended as a
first step. But this was delayed due to difficudtia formulating survey questions that
were relevant for all case study areas. Thus theegwas performed after the work-
shop.

The MUFFIN project team was in agreement that amliree survey should be brief,
concise and not take too much of the end-user® torperform. It was also intended to
reach a broader range of potential end-users frmsetthat attended the workshop, but
to try to ascertain much of the same information.

The development of early warning systems and ufload forecasting systems is cru-
cial to the security and sustainability of citi#hese systems differ with respect to e.g.
temporal and spatial resolution, calculated vaeslnd real-time applicability, and thus
their value for various user categories also dffés in the questions for the workshop,
the on-line survey first discussed how the infaiorarequired by and provided to
stakeholders may be divided into three stages:

» Beforetheflood: forecasts of rainfall and the resulting impactsonface and
sub-surface water fluxes for early warning (and-tié@e observations)

« Duringtheflood: real-time observations of rainfall and water #gxXor situa-
tion awareness and emergency planning (and upftatechsts)

« After theflood: historical validated observations of rainfall amdter fluxes for
post-event analysis and evaluation

It then briefly showed how the MUFFIN project aiatsmproving the support for users
with:
« Improved real-time observation by weather radaproved forecasts by now-
casting and high-resolution meteorological enserfiskecasts,
« Improved simulation and forecasting of urban flogi
« Innovative ways to post-process and tailor thermfation for improved visuali-
zation, awareness and communication with diffeesmat-users.

The survey was administered on-line with Googlev®during December 2017. It con-
sisted of 11 questions, 10 multiple choice andshestyle question, and a final “any
other comments” question. With all questions it wassible to elaborate with written
comments as well. The survey was administered gligin but it was possible for re-
spondents to comment in their own languages irdésSee Appendix 3 for the survey
guestions in full.
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5.1 Survey results

5.1.1 Who answered the survey?

The survey was sent to a total of 82 identifietket@lders and end-users (from the
stakeholder identification lists). 25 respondeth®survey which is a response rate of
30% (35% if considering the 10 bad e-mail addrgs3edble 6 shows the distribution of
surveys sent, answered and response rate. Slmlyhalf of the respondents were
from Sweden as the Swedish partners had idengfiedich larger number of stake-
holders (largely since the forecasts produced bgdew were national in scale rather
than local). Demark, Finland and the Netherlanésitified more end-users rather than
a broad range of stakeholders as these were nggabyific to the cast study sites. Fig-
ure 3 shows the percentages of responses per goOntthe 11 of 25 responses to the
survey had also participated in the Workshop.

Table 6: Distribution of MUFFIN surveys sent, ansateand response rate

SE 57 13 23%
Fl 10 5 50%
DK 10 4 40%
NL 5 3 60%

Figure 3: Percentages of responses per country

1. In which country do you live/work?

@ Denmark
@ Finland

The Netherlands
@ Sweden

There was a fairly even spread with regard to tkasaof work of the respondents,,.
Slightly over two-thirds of the respondents wergayed in local, regional or national
public organizations and almost 25% were employgklinvconsultancy or other pri-
vate sector jobs. See figure 4:
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Figure 4: Responses to question: “What is your avéavork?”

2. What is your area of work?

@ Consultant/ private sector
@ Employed within a municipal
organisation
Employed within regional organisation
A @ Employed within a national
organisation/authority

@ Research institute/university
@ regional governmental body

In question 3 respondents were asked to show véreds they directly or indirectly
currently used rainfall and flood observations &récasts in their work. They could
check all that apply. Table 7 shows the distributod these responses by country.

Table 7: Distribution of how rainfall and flood olixwations and forecasts are currently
used, per country. Number of total responses.

3. In which areas do you currently use rainfall
and flood observations and forecasts?
SE | FI |DK | NL Total

Climate adaptation 10 |2 2 2 16
Flood management 8 4 |3 2 17
Storm water management 7 4 3 2 16
Water and sewage management 3 0 2 3 8
Geotechnical security issues 2 0 0 0 2
Risk and vulnerability plans 7 4 3 3 17
Emergency services 1 1 0 1 3
Urban planning 7 3 3 1 14
Research 1 1 1 0 3
I don't use flood simulation and forecast data 1 0 0 0 1
Other 1 0 |0 0 1
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Respondents used rainfall and flood observatioresttsts in a wide number of areas,
mainly those related to local and urban planninghsas climate adaptation, flood man-
agement, stormwater, water & sewage managemenisknand vulnerability plans.

5.1.2 Spatial level most useful

Question 4 sought to find out on which spatial leaénfall and flood observations and
forecasts were most useful to users. The majddB94) replied that the local level was
most useful See figure 5). This answer reflects #is percentage of respondents (32%)
which worked for local authorities (and even regiloaind local authorities felt that local
level observations and forecasts were most us€rifure 4) as well as the large num-
bers that stated that they work with these tooldimate adaptation, flood management,
water and sewage management and risk and vulnigyraddéns (see table 7), which are
generally tasks for local authorities. No respondeplied that the pan-European level
was most important for their work. As respondemisi@d only choose one answer to this
guestion, it does not mean that observations amt&sts on other levels are unim-
portant. They can be essential complements to leeal observations and forecasts.

Figure 5: Responses to question 4: On which spédiad! are rainfall and flood obser-
vations and forecasts most useful for you?

4. On which spatial level are rainfall and flood observations and
forecasts most useful for you? (choose one)

@ Pan-European
@ National
Regional
@ Local
@ No opinion/does not apply

v

5.1.3 Temporal stage with greatest need for more gu  idance or information

One of the basic aspects of the MUFFIN projecbighink about observations and fore-
casts and the need for more knowledge, in thrderdiit temporal stages: Before, dur-
ing and after the flood. This we asked respondenspecify which stage they had a
need for more guidance. With the exception of Fidlaespondents had the greatest
needs before and after the flood. In Sweden, fetsdzefore the flood were most in
need and in Finland, Denmark and the Netherlantistdébe used in reconstruction of
events was also seen as an area where more guaashteols was needed. Table 7
below shows that results specified by country.
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Table 7: Need for more guidance in stages per egunt

Q5: In which of the following stages do you have the
greatest need for more guidance or information tools?

(choose 1)

Total | Number of responses per country

(%)
SE FI DK NL

Before 52% 11 0 1 1
During 8% 0 2 0 0
After 32% 1 3 2 2
Don't 4% 0 0 1 0
know
All three 4% 1 0 0 0
Total 13 5 4 3

5.1.4 Aspects of information that are most importan

Our assumption was that different aspects of in&diom would be seen as most im-
portant at the various temporal stages of a (p@tiriiooding event. Questions 6,7 and
8 sought to find out which types of knowledge wer@st important.

In Question 6 we asked respondents to think albeutdinfall and/or flood forecasts
available to them before (or in some cases dutimgflood and to specify which was
more important for their needs. Respondents wdeetalzthoose only one answer. See
figure 6 below. Answers indicated that before tbed end users felt that rainfall and/or
flood forecasts with good spatial resolution (283 good geographic coverage (32%)
were most important for their needs.

MUFFIN End-user specification report
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Figure 6: Percentage of respondents who specified data needs before the flood

6. When you think about the rainfall and/or flood forecasts available to
you before (or during) the flood, which aspect is most important for your
needs? (choose one)

@ Spatial resolution of the forecast
@ Geographic coverage of the forecast
® Lead time

@ Accuracy / level of certainty of the
forecast

@ Visualization or format
@ Don't know / does not apply

@ spatial, geographic coverage,
accuracy

In Question 7 we asked respondents to think alwutainfall and/or flood forecasts
available to them during (or in some cases beftve}lood and to specify which was
more important for their needs. Respondents wdeetalthoose only one answer. See
figure 7 below. During this phase, the accuracthefobservations became more im-
portant for respondents, although spatial resatubiothe observations, their geographic
coverage and the time between the observations aratithe information becoming
available were also deemed important

Figure 7: Percentage of respondents who specifiet data needs during the flood

7. When you think about the real-time rainfall and/or flood observations
available to you during (or before) the flood, which aspect is most
important for your needs? (choose one)

@ Spatial resolution of the observations

@ Geographic coverage of the
observations

@ Time betweeen observations made
and information becoming available...

@ Accuracy / level of certainty of
observations

@ Visualization or format
@ Don't know / does not apply
@ see quest above
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In Question 8 we asked respondents to think alheutainfall and/or flood observations
available to them for event assessment (afterltioelf and to specify which was more
important for their needs. Respondents were abthdose only one answer. See figure
8 below. The responses were very similar to thespanses to the question “during the
flood”, although after the flood respondents hadremore need for accuracy in their
assessments.

Figure 8: Percentage of respondents who specifiet data needs after the flood

8. When you think about the rainfall and/or flood observations available
to you for event assessment (after the flood), which aspect is most
important for your needs? (choose one)

@ Spatial scale of the assessment

@ Geographic coverage of the
8% assessment

/ Timing of availability of

‘ reconstruction /assessment data

@ Accuracy / level of certainty of
assessment data

@ Visualization or format

@ Don't know / does not apply

@ see the two questions above

5.1.5 Limitations and room for improvement in obser vations and forecasts

It was important for the MUFFIN team to understamel limitations in the current ob-
servations and forecasts and to learn how thedd beumake more useful from the
end-user perspective. Question 9 asked respontespecify which limitations they
experienced in rainfall observations and/or flooktasts from a pre-set list. Respond-
ents were able to choose that applied. We thegeared these answers by the number
of respondents who specified during which stagecsthvas the greatest need for data
(cross-referenced with table 7 above). Table 8walmows the total number of answers
for each limitation as percentage as well as thebar of total answer in which stage.
Over two-thirds of responds felt that the largerdegf uncertainty in the models and
data were a limitation and perhaps this limitaticas particularly mentioned in the
stagebeforethe flood. This presumably reflects the larger bamof respondents who
had need for more guidance during this stage. 408spondents felt the observations
and forecasts were not sufficiently useful in tewhspatial resolution or scale, again
mainly those that needed more informato@iorethe flood. 20% of respondents felt
that even if they had a good forecast, there wasnugh that they could do with an
improved forecasts.
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Table 8: Data limitations cross-referenced withspendents’ replies to data needs per

stage

Q9: What limintations have you experienced in the use
of rainfall and/or flood forecasts? Check all that apply
Not sufficiently useful in terms of spatial resolution/scale 40% 10
Not sufficiently useful in terms of geographic coverage
Large degree of uncertainty

Lack of availability of data/models
Data / models difficult to interpret
Data not harmonized with local data/information

Need more competency in use them

Even if | had a good forecast, not much | could do

Not applicable
Other

In question 10 respondents were asked to elaborat®w data for flood forecasting

% of No. of
total answers

28% 7
68% 17
36% 9
24% 6
28% 7
28% 7
20% 5

0% 0

Before During

Of which

After All
0 2
1 2
1 4
0 3
0 2
1 2
0 3
1 1
0 0

O O OO0 O R P Kk, K-

Don't
know

O O O O OO r O Kk

and/or observations could better meet their néédgsthen categorized the responses
according to four categories: Spatial or geograpkds (S), timing or temporal needs

(T), certainty or accuracy needs (C) and availgbdr communication/visualization

needs. Table 9 shows these answers:

Table 9: Categorized answers to question 10: Howddata for flood forecasting
and/or observations better meet your needs? Pldaseribe.

Spa- Tim-
tial/Geograp @ ing/tempor Certain- Availabil-
hic al ty/Accuracy @ ity/communication
Sweden Possibility to Municipalities Better meteoro- Better availability

break up fore-
casts in water-
shed format

need info as
early as possi-
ble, even uncer-
tain forecasts

logical predic-
tions

Hydro- Earlier (and More reliable
morphologic more certain)( data- to be able
models in all forecasts of to take sufficient

rivers and major cloudburst actions
streams events
Coverage of all Short time in- Higher degree of

areas, not just
larger rivers

tervals 10-15
min) in obser-
vations

certainty and
higher resolution

More meteoro-
logical stations in
mountains and
remote areas.
Better resolution
(precip. and
temp)

Duration and
size of precipi-
tation
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Higher level of
spatial resolution
(and accuracy)
Den- Temporal and Lead time and Important that More data for model
mark spatial resolution accuracy of forecast models comparison and calibra-
forecasts, can deliver a tion
reasonably cer-
tain forecast in
time and space
and that we have
the necessary
tools and possi-
bilities to act on
or interpret the
forecast
Longer lead-
time, better
accuracy and
better spatio-
temporal reso-
lution and
lower runtime
for models
Finland To have at least Easier access to data
a short time
forecast of the
rainfall amount
to predict flood
event
Interpretation of model
results needs real time
data as back-
up...availability in visual-
ized format
Nether- By making Better integration within
lands combinations

of Rotterdam
rain radar data
and the places
where flooding
occurs quickly

used systems. Help to
transfer knowledge and
information of different
data sources

I need one platform in
which you can combine

relevant data

Several answers pointed out the integrated nafuteemeed for several aspects of

knowledge/data. See the text boxes below:

From Denmark: “One of the main challenges are tead-and accuracy of
the forecast. We use data for a range of tasksrendeeds differ from one
task to another. In some applications both theapatd temporal resolution
are of great importance, whereas in other apptinatsuch as the RTC of th
drainage system, also lead-time and run-time ap®ftant”

1%




From Finland: “Rainfall and snow information are tmost important parame
ters | use for flood forecasting. Models are usame information but the ac
curacy of forecasts is not always sufficient. Serpretation of model results
needs real time data as a backup to understandisviestlly happening and in
what extent you can really trust the models. R#liafad water content of snov
and during the melting season also aerial snowrageeshould be available if
visualized format. The best option would be thaempert can make these im
ages whenever it is needed”.

=)

5.1.6 Needs for visualization

The final substantive question of the survey asksgondents to specify how they
would like to see rainfall and flood forecasts atdervations visualized and communi-
cated. Respondents could check all that applied.

Table 10 below show the total percentage of resp®ior each visualization options,
as well as the number of answers for each cou@Gti§y.formats and web-based visuali-
zations stood out as the strong formats among nelgoas.

Table 10: Visualization needs

Question 11: How would you like to see rainfall and flood

observations and forecasts be visualized and commun icatied? Total % Number of answers per country

SE FI DK NL Total
GIS- compatible formats 72% 9 5 2 2" 18
Table formats 2% 5 2 1 Y
Web-bsed visualisations 80% 11 2 4 37 20
Internet-based search services, e.g using constant or stochastic rainfall 24% 3 0 1 2" 6
On-line analysis of observations 36% 4 2 1 2" 9
Probabilistic ensemble-based visualizations 28% 5 1 1 o” 7
Photo/webcam documentation 24% 2 2 0 2' 6
Aerial images 6% 5 2 1 17 9
Not applicable 0% 0 0 0 o” 0

5.2 Summary and analysis of the MUFFIN on-line surv ey

As the number of respondents was fairly low, hasd to draw many quantifiable con-
clusions of the survey, particularly when examingagh question and response indi-

vidually. However by cross-referencing answers veeadle to make some interesting
observations about how the MUFFIN results couldiged, how they might be able to

fill the existing gaps for observations and forésand how they can better meet end-
user needs.

26 (46)
MUFFIN End-user specification report



* Respondents used rainfall and flood observatioretasts in a wide number of
areas, mainly those related to local and urbampohan such as climate adapta-
tion, flood management, stormwater, water & sewagaagement and risk and
vulnerability plans.

* The majority of respondents replied that local leleservations and forecasts
were most useful. Although no responded repliettttepan-European level
was most important for their work, they impliedttkias level can complement
to local level observations and forecasts.

e Half of the respondents specified the local lewelrat where they were in need
of more guidance. They felt the need for more gusgamainly before and after
the flood. Before the flood end users felt thamfi@i and/or flood forecasts with
good spatial resolution and good geographic cowevagye most important for
their needs.

* During the flood and particularly after the flodde accuracy of the observa-
tions became more important for respondents, atfih@patial resolution of the
observations, their geographic coverage and the bietween the observations
made and the information becoming available wese deemed important.

» Limitations experienced in the use of rainfall foaists and/or flood observation
data mainly centred on the large degree of unceytan the forecasts and ob-
servations, followed by the insufficient spatiadetition and scale and by a lack
of availability of data/models.

* Replying to how knowledge and data could bettertrite®r, Sweden specified
wider geographic coverage and coverage in waterfginatht, earlier predictions
and a higher degree of certainty. Denmark spechetter temporal and spatial
resolution and more data for model comparison.dritispecified easier access
to data and help to interpret results. The Nethedaspecified better integration
within used systems, transfer of knowledge andquiais for knowledge inte-
gration. The need for more integrated knowledge alss specified among re-
spondents in all countries.

* GIS formats and web-based visualizations stoodsetihe desired visualiza-
tion/communication formats among respondents.

6 TELEPHONE INTERVIEWS WITH END-USERS

To complement the data on needs derived from thr&skiop and the on-line survey, we
performed interviews with stakeholders in Swedeenmark and Finland (an interview
with a stakeholder in the Netherlands will be fodiming). The purpose of the inter-
views was to give different types of end-userspbssibility to elaborate more on how
they might use the MUFFIN results and how what MUN-Eould do to help meet their
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needs for urban flood forecasting and larger-siegtiFological modelling. Each
MUFFIN partner suggested one interview person hadgsémi-structured interviews
were performed by SGI during December 2017-FebrR@iy.

6.1 Interviewees and interview format
Interviewees were:

* Leen Sankiaho, Development Engineer , Helsinki &=aji Environmental Ser-
vices Authority (HSY) representing local/ regioeald-users

* Niels Aagaard Jensen, EnviDan, representing aterc@mpany working with
water issues and cooperating with Aalborg munidipal

» Ida Andersson, Civil Security Coordinator in Arvik&unicipality, representing
a local end-user

The questions discussed in the interviews were s@nylar to those posed in the work-
shop and in the on-line survey, but the informal aemi-structured nature gave re-
spondents an opportunity to elaborate in more ddptase questions included the fol-
lowing:

1. How do you currently use rainfall and flood obséiofas and forecasts in
your work?

2. In which spatial level is are rainfall and floodselovations and forecasts most
useful for you

3. In which stage do you have the greatest need foe maidance or infor-
mation tools? Before, during or after the floodhatitypes of knowledge are
most important for you needs in each stage?

4. Which limitations have you experienced in the usemfall and flood fore-
casts?

5. How could data for flood forecasting and/or obsgore better meet your
needs?

6. How would you like to see rainfall and flood obsa#rens and forecasts be
visualized and communicated?

6.2 Interview results

6.2.1 Working with flood data temporally and spatia  lly
Each of the three end-users worked with rainfadl tood data at different stages.

As responsible for working with Arvika’s risk andimerability analysis, Ida Andersson
felt that data on extreme precipitation was mogtartantbeforethe flood in order to
plan for flooding and to prevent the potential seeconomic consequences of a flood.
To do this data odifferent levelss necessary, she remarked.

As responsible for the network capacity developnoétihe sewer, wastewater and
storm water network Leena Sankiaho felt that fldath was most important for her
work during the flood in order to see how a cloudburst is mgyalthough radar data is
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quite uncertain. Specificallpcal leveldata was important to her in order to see the
storm patterns, but also even more detailed dateatetwork level would be interest-
ing for her.

As Niels Aagaard Jensen has worked with urban dga&iodelling, the most im-
portant information would be that that conadter the flood in order to analyze what
went wrong. Specifically data at thecal levelis important for EnviDan, although fore-
casts orlarger spatial scalesnight be interesting to combine with local scales.

6.2.2 Gaps in current forecasts/observations and en  d-user needs

Each respondent also pointed out gaps in the dukrenwledge base and their needs for
further knowledge. Ida Andersson in Arvika would/@aneed of cloudburst and hydro-
logical models linked to morgpecific regional specificitieand the probability of ex-
treme rainfall on a smaller geographic scale, sthegain does not fall evenly over the
entire municipality.

Leen Sénkiaho was satisfied with the resolutioreaf-time data rainfall data received,
but theaccuracy of their network modatspoor compared to the rainfall data. Using
the SWMM modelling programme they can either hadetailed network model with
every pipe shown or a branch model with only aroLid& of the biggest pipes shown.
Tools for faster aggregatiowould be useful.

Niels Aagaard Jensen, felt that the current sthggdrological forecasts did not pro-
vide sufficient results due tack of certainty and accura@nd with inadequate fore-
cast quality there are limited possibilities tofpen meaningful real time control. Thus
better tools fohigher accuracy within hydrological forecastiage needed.

6.2.3 Visualizing and communicating forecasts and o bservations

Regarding how data for rainfall and flood forecagtand observations could be better
communicated, Ida Andersson pointed out the nestidw certainty and uncertainty of
the forecastsn a way that could be used more easily, perhajitew in words rather
than statistics.

Leena Sankiaho replied that it would be nice teehfiooding data from users, through
citizen observationand in the form of photos to reduce potential sciyity.

Niels Aagaard Jensen specified that it would badrantage to hawdirect data flows
(forecasts) that can be used in models and/or tiegd control systems for specific
needs But this data must be high quality, otherwisgaésn’t provide any value for the
end-user.

6.2.4 End-users’ thoughts on the MUFFIN projectand  what it can deliver

Ida Andersson from Arvika was not asked specificabbout the MUFFIN project, but
was interested in more help to calculate probatatitcombined risks and the conse-
qguences of the risks. Rather than have a guidamperpshe mentioned that it would be
nice to be able to ring directly to the authoritrgth specific questions for their specific
conditions.

Leena Sankiaho from HSY was interested if MUFFINIddhelp answer her problem
which part of the rainfall-runoff- network modeljrwas most inaccurate during model
folding. Even if she had more detailed rainfallajahe problem is that the network data
is still rather unreliable so more accurate anditezt rainfall data might not make so
much difference. Leena Sankiaho also participatede MUFFIN Workshop and felt
that the MUFFIN way of looking at flooding (befoyring and after the flood) was a
real eye-opener.
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Niels Aagaard Jensen from EnviDan felt that MUFRIBE very ambitious, but like

most research projects, cannot solve all the pnobli@ Aalborg, although the small
steps achieved by the project can drive technologyard. Better tools with higher

accuracy within hydrological forecasting are needbed not all tools are useful. It is
difficult to specify which tools are needed befbend, “but if a good tool exists for
rainfall and flooding forecasts, we will find a wayuse it”.

6.3 Conclusions from the interviews

The interviews with the different potential typdsead-users reified the results of the
MUFFIN Workshop and the on-line survey. There isjost one type of end-user, ra-
ther they all have very specific problems and negsdshere are no one-size-fits all so-
lutions. The MUFFIN project is geared towards hadpio meet the specific needs of
the end-users in Aalborg, Helsinki and Rotterdartheoe are good possibilities that the
results can be of at least some direct benefit.

The interviews also mentioned that although loeeél forecasts and observations
geared specifically to local specificities and atinds are most important, there is also
scope to integrate data at larger scales to congrielncal level data.

An observation that came out of the interviews thas the rainfall forecasts and flood-
ing observations are only part of the problem lfarse working with flood plans for a
city, for instance. Although specific and accurdd¢a is needed at a good resolution,
there are also needs that MUFFIN can’t take uph sisowhere the stormwater pipes are
leaking, or what the consequence of a flood aii#.€8d-users appreciated the efforts of
MUFFIN and felt that the project can provide soaliétenefit.

7 CONCLUSIONS FROM THE END-USER SPECIFICATION

Using the triangulation method, we sought sped¢ig/énd-user needs with a three-

pronged approach based on a Workshop, an on-lmeysand semi-structured inter-
views. As seen in the sections above, this im@iedxture of qualitative (workshop

and interviews) and quantitative methods and result

In general end-users and even stakeholders werengadly helpful in spending their
time to attend the workshop, perform the on-linevey and engage in the telephone
interviews. Perhaps because MUFFIN involves speetffid-users in the case studies
and joint experiments, this provided an incentw@articipate in the end-user specifica-
tion activities.

As the previous sections have pointed out, all @sers are have different needs and
conditions. End-users working within a municipalior the consultants that provide
plans) with stormwater, or sewage water or floahpl need data that is specific to
their areas. National and sometimes regional eatspas well as academics are also
interested in data on a larger scale and datacéimbe used for reconstruction of events.
There is no one-size-fits all solution. Howeverdvelare some general conclusions
about end-user specifications that can be made tihathree-pronged exercise:
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Local level forecasts and observations geared ety to local specificities
and conditions are most important, but there is at®pe to integrate data at
larger scales to complement local level data.

End-users require data, forecasts and observaifaagnfall/flooding at a very
local level or fine scale, which is most specificdhieir conditions, but also re-
guest on a larger scale such as large scale cantlareas. National stakeholders
were interested in extended geographic coveragemafler watercourses and
non-urban areas

The greatest need for more guidance and informaiols on rainfall and flood-
ing is during the stage, before the flood, follovictheir use after the flood.
But methods to integrate observations and reparisgl the flood are also im-
portant to develop.

Accuracy and certainty of forecasts and observatappeared to take prece-
dence over lead time or timing of observationsAmialbecoming available, alt-
hough end-users and stakeholders were reluctapieitfy any trade-offs be-
tween accuracy and spatial resolution.

Visualizations in GIS-formal and web-based visuatlians at the different scales
would be very useful for end-users. Communicatibabservations through cit-
izen observations can an important complementdarrand rain gauge data to
be further explored.

MUFFIN is very ambitious, and the small steps aedikeby the project can
drive technology forward, even if it can’t solvé globlems in each case study
area.

Better tools with higher accuracy within meteoratad)and hydrological fore-
casting and modelling are needed, and if good taks for rainfall and flood-
ing forecasts, end-users will find a way to userthe
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Appendix 1 MUFFIN Workshop Agenda (long version for Partners)
16 February 2017

09.00-09.30 CET Partners’ test of video

Partners make sure to have one team member testing video and one to ready
materials and greet participants

09.30-10.00 CET Coffee and registration

10.00-10.45 CET Plenary: MUFFIN objectives and Brief (5 min) Work Package presentations
Lisa is main moderator for morning plenary sessions (after Jonas welcomes
everyone); Jonas and Anna take notes

10.00-10.10: Brief intro of all participants (Name and affiliation)
10.10-10.25: SMHI- MUFFIN objectives and multi-scale examples
10.25-10.30: TUD - Hydro-meteorological data

10.30-10.35: AAU- Urban flood forecasting

10.35-10.40: AALTO — Storm water management

10.40-10.45: SGI — End user value and workshop objectives

Partners send ppt slides (2 or 3) till Jonas/Lisa by Feb 27th, noon and we will put
them into a single presentation for everyone

Block 1: Today’s situation: End-user limitations and needs

10.45-11.10 CET Locally: Today’s situation: 2-3 participants present briefly (5-10 min):

1) How do you currently use flood simulation and forecast data in your
work?

2) Which type of data do you use today?

3) What limitations have you experienced in this work?

Partners contact 2 or 3 participants beforehand and ask them to present their
replies to these questions in the local workshop- suggest 1 slide per question.
Other participants can comment and add experiences.

11.10-12.00 CET Local brainstorming: What are your current needs? (Template Block 1)

11.10-11.15: Consider template and questions individually
11.15-11.30: Discussion on data needs “Before the flood”
11.30-11.45: Discussion in data needs “During the flood”
11.45-12.00: Discussion on data needs “After the flood”

Template filled in (paper, post-its or computer) in groups of 2 or 3 persons.
Partners think about preliminary groupings of participants and how they prefer

to record and present the answers. Choose who will present in the plenary after
lunch — either a project partner or preferably one of the participants

12.00-13.00 CET Lunch
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Block 2: “The perfect flood”: What can MUFFIN contribute to the local cases?

13.00-13.40 CET

Plenary: Short wrap-up presentations from morning sessions from each city.
Jonas is main moderator for afternoon plenary sessions; Lisa and Anna take
notes

13.00-13.10: Norrkoping
13.10-13.20: Delft
13.20-13.30: Espoo
13.30-13.40: Aalborg

13.40-14.40 CET

Local Brainstorming: How can MUFFIN contribute within each site?
(Template Block 2)

13.40-14.00: Presentation from project partner about the case site
14.00-14.40. Discuss and fill in Template Block 2 (whiteboard, post-its , paper
or computer)

Partners think about preliminary groupings of participants ( can be the same or
different from the morning session) and how they prefer to record and present
the answers. Choose who will present at final plenary — either a project partner
or preferably one of the participants.

14.40-15.00 CET

Plenary: Reports from each group

14.40-14.45: Norrkdping
14.45-14.50: Delft
14.50-14.55: Espoo
14.55-15.00: Aalborg

15.00-15.30 CET

Plenary: General discussion, summing up and next steps and coffee.

Post-workshop

Partners translate relevant results of discussion and the filled in templates. Send
to Lisa by March 7th.
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Template Block 1 Brainstorming: What are your current needs?
To be filled in group-wise (2 or 3 groups) on computer, whiteboard or paper with post-its.

1) How could the data available to you on rainfall forecasts and/or urban flood forecasts
(before the flood) better meet your needs with regard to:
a. Resolution
b. Geographical coverage
c. Leadtime
d. Accuracy/level of certainty
e. Other

2) How could the data available to you for real-time observations (during the flood) bet-
ter meet your needs with regard to:
a. Resolution
b. Geographical coverage
c. Time between observations made and information becoming available
d. Accuracy/level of certainty
e. Other

3) How could the data available to you for event assessment (after the flood) better meet
your needs with regard to:
a. Resolution
b. Geographical coverage
c. Timing of provision of reconstruction/assessment data
d. Accuracy/level of certainty
e. Other
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Template Block 2 Brainstorming: “The perfect flood” and MUFFIN contributions

Think about “the perfect flood” situation and how the MUFFIN could contribute to your local
situation. The following are guidance questions and should be answered if relevant. Other
questions may also come up and can be discussed.

e How farin advance would you like to get a reliable warning?

¢ How would you like to stay updated during the flood?

¢ What information would you need to analyse the system after the flood?

¢ What specifically would you like to see as an output of MUFFIN?

¢ In what format should the rainfall forecasts or flood forecasting be visualized?
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Appendix 2 List of Participants

Multi-scale urban flood forecasting (MUFFIN): From local tailored systems to
a pan-European service

Stakeholder Workshop: 28 February 2017 in Norrkdping, Aalborg, Delft and Espoo
Participant list

The list is not attached due to GDPR. If you have any questions, please contact Jonas Olsson at
SMHI (Jonas.olsson@smbhi.se) or Lisa Van Well at SGI (lisa.van.well@swedgeo.se).
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Appendix 3 MUFFIN On-line survey questions

Multi-scale Urban Flood Forecasting (M UFFIN)
MUFFIN User Survey Questionnaire (11 questiostin®mted time: 10 minutes)

The Swedish Meteorological and Hydrological Ing&t(SMHI) together with partners from the
Technical University of Delft (TUD), Aalborg Univeity (AAU), Aalto University (AALTO)
and the Swedish Geotechnical Institute (SGI) ampenating in a study on Multi-scale Urban
Flood Forecasting (MUFFIN).

The development of early warning systems and uflbad forecasting systems is crucial to the
security and sustainability of cities. These systéliffer with respect to e.g. temporal and spa-
tial resolution, calculated variables and real-tapglicability, and thus their value for various
user categories also differs. The information resgpiby and provided to stakeholders may be
divided into three stages:

« Before the flood: forecasts of rainfall and tleeulting impact on surface and sub-surface wa-
ter fluxes for early warning (and real-time obséiors)

« During the flood: real-time observations of raihfand water fluxes for situation awareness
and emergency planning (and updated forecasts)

« After the flood: historical validated observatsoof rainfall and water fluxes for post-event
analysis and evaluation

The MUFFIN project aims at improving the supportdsers with:

« Improved real-time observation by weather raitlaproved forecasts by nowcasting and high-
resolution meteorological ensemble forecasts,

« Improved simulation and forecasting of urban dimgy;

* Innovative ways to post-process and tailor thiermation for improved visualization, aware-
ness and communication with different end-users.

To ensure that the flood forecasting and obsematieet the specific requirements of the rele-
vant end-users, the MUFFIN project is gatheringrimfation on end-user needs in order to gain
an understanding of how urban hydrological obsemat simulations and forecasts are used
today and where the gaps are.

We value your input. All answers will be treatechfidentially.

Please feel free to comment (under "other") or angestions that require written comments
in your own language.

More information on the MUFFIN project can be fouatdhttp://www.muffin-project.eu/
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* Required

Email address *

MUFFIN: Multi-scale Urban Flood Forecasting
1. In which country do you live/work? *

Denmark
Finland

The Netherlands
Sweden

Other:

O O o oo

2. What is your area of work? * (choose one)

Consultant/ private sector

Employed within a municipal organisation
Employed within regional organisation

Employed within a national organisation/authority
Research institute/university

Other:

O O OO0 o0 o

3. In which areas do you currently (directly andiiactly) use rainfall and flood observations
and forecasts in your work? Check all that apply *

Climate adaptation in general

Flood management

Storm water management

Water and sewage management
Geotechnical security issue

Risk and vulnerability plans

Emergency services

Urban planning

Research

| don’t use flood simulation and forecast data
Other:

4. On which spatial level are rainfall and floodsebvations and forecasts most useful for you?
(choose one ) *

O OO O0OO0OO0OOOoOOoOOoOOo

e Pan-European

* National

e Regional

e Local

* No opinion/does not apply
» Other:
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5. In which of the following stages do you have gineatest need for more guidance or infor-
mation tools? (choose one) *

Before the flood (rainfall and flood forecasts)

During the flood (real-time observations)

After the flood (data/tools for event reconstructieystem performance assessment)
Don’t know/ no opinion

Other:

O O o oo

6. When you think about the rainfall and/or floaddcasts available to you before (or during)
the flood, which aspect is most important for yoaeds? (choose one) *

Spatial resolution of the forecast
Geographic coverage of the forecast

Lead time

Accuracy / level of certainty of the forecast
Visualization or format

Don't know / does not apply

Other:

O O O oo oo

7. When you think about the real-time rainfall andlood observations available to you during
(or before) the flood, which aspect is most impairfar your needs? (choose one)*

Spatial resolution of the observations

Geographic coverage of the observations

Time betweeen observations made and informatioarbie available to users
Accuracy / level of certainty of observations

Visualization or format

Don't know / does not apply

Other:

O O OO0 o0 oo

8. When you think about the rainfall and/or flodaservations available to you for event as-
sessment (after the flood), which aspect is mopbmant for your needs? (choose one)*

Spatial scale of the assessment

Geographic coverage of the assessment

Timing of availability of reconstruction /assessinéata

Accuracy / level of certainty of assessment data

Visualization or format

Don't know / does not apply

Other:

9. What limitations have you experienced in theafsainfall and/or flood forecasts? Check all
that apply. *

O O OO0 o0 oo

o Data/models are not sufficiently useful in termspétial resolution/scale

39 (46)
MUFFIN End-user specification report



Data/models are not sufficiently useful in termgebgraphic coverage

Large degree of uncertaintly in the data/models

Lack of availability of data/models

Data/models are difficult to interpret

Data not harmonized with local data/information

My organization needs more competency/trainingrd¢eoto better use the models/data
Even if | had a good forecast, there is not mucbuld do

Not applicable

Other:

OO0 O0OO0OO0OO0OOOoOOo <§§E@

10. How could data for flood forecasting and/oreslations better meet your needs? Please
describe*.

11. How would you most like to see rainfall anabfli observations and forecasts be visualized
and communicated? Check all that apply. *

GIS-compatible formats

Table formats

Web-based visualizations

Internet-based search services, e.g. using cor@tatdchastic rainfall
On-line analysis of observations

Probabilistic ensemble-based visualizations

Photo/webcam documentation

Aerial images

Not applicable

Other:

O OO O0OO0OO0OOOoOOoOOo

Any other comments?

Thank you for your time.
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Appendix 4 How MUFFIN has met the end-user specifi  cations

To ascertain how MUFFIN has addressed the mostritapioend-user requirements and needs,
we have divided up the needs into general goaixjsbefore the flood, needs during the flood,
needs after the flood and case-specific needs aaftiybisted what MUFFIN can provide.

The MUFFIN advisory group, consisting of one repreative from each of the four countries,
and a mix of researchers, water authorities andmafand national authorities, was present
during most of the project meetings. The group gl active input and quality assurance into
how the project results could respond to the neétsth practitioners and academics.

To further specify the end-user value, SGI usdtreetprong or triangulation method to under-
stand the needs and requirements of the MUFFINuseds. After drawing up a list of the rele-
vant stakeholders and end-users in Sweden, Denfatind and the Netherlands, these three
methods consisted of 1) an international video Wloop in February of 2017, 2) an End-user
survey administered in December 2017 and 3) inkdegéephone interviews with end-users in
November 2017- February 2018.

The final conference CITIES, RAIN and RISK providmd opportunity to bring together both
end-users and advisory board members involvedeiptbject, as well as potential new end-
users and stakeholders. Local and regional stattetsolvere also involved in each of the case
studies and joint experiments.

End-users are had differing needs and conditiohs.project team relied on end-user involve-
ment to help understand how they currently usetfatiiand flood observations and forecasts in
their work, and which limitations they experiengedising these. Information was also gath-
ered on which spatial levels data was were mostusénsurprisingly, local end-users were
most interested in rainfall and flood observatiod forecasts at a local level, while researchers
tended to find the pan-European level forecasesesting. MUFFIN could not provide a one-
size-fits all solution to the problems of urbaroflting, but stakeholder and end-user engage-
ment provided added value to the project, by hglpinensure that project results fit the specific
needs of the case study areas and could add wahedding communities deal with the risks of
flooding and extreme precipitation.

Three Joint Experiments were designed in the MUHRS#idject, with the aim to take end-users’
needs into account as far as possible:

1. Hydrodynamic vs. high-resolution hydrological mduhg
2. High-intensity rainfall in European operational andbservations
3. Development of a multi-scale flood forecasting eyst

In Sections 1-5 below, the experiments are abbieidEl, JE2 and JE3.
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1. General goals

General goals

What MUFFIN Provides

Early warning systems and urban flood fore-
casting systems

JE1, JE3, Development of nowcasting (AAU and
AALTO), Rainvis tool (SGI/SMHI).

Bridge the gap between urban and large-
scale hydrological modelling communities

Partly, this was the aim with JE1. Which did not
fully succeed, but JE3 may do better. Catch-
ment/watershed spatial level is the most im-
portant, although forecasts at the pan-European
level are also important as complements to local
level data (JE3).

Develop innovative tools for reducing urban
impacts of extreme precipitation

Rainvis and JE3, as well as local developments in
case studies (e.g. Micro Rain Radar at TUD and
combined radar at AAU).

More general knowledge about urban flood-
ing

JE1: that the hydrologic model HYPE doesn’t
seem to give clear added value compared to only
rain indata.

JE2: that the accuracy operational radar prod-
ucts with respect to describing extreme rainfall
is dependent on temporal and spatial scale.
JE3: that a hydraulic forecast model can have
distinct added value when it is linked to contin-
ual hydrological models.

Discussion (in final report) about how there is
no “one-size-fits-all” solution and that all users
and end-users have different need. MUFFIN
cannot satisfy all of these.

Explore the added value of resolution and
lead time in terms of accuracy and uncer-
tainty

All three experiments, also link uncertainty to
return times “How unusual is the rain that is
expected?”, as done in Rainvis.

Preference for observations and forecasts to
be visualized and communicated in web-
based formats and GIS-compatible formats

Rainvis and JE 3

Guidance papers on how forecasts and moni-
toring can be used by various actors and how
uncertainty can be interpreted within the
forecasts and monitoring

Partly within the Rainvis prototype but more
focus on best practices in dealing with uncer-
tainty would have been desireable.

Consider an evaluation of how project re-
sults were utilized by end-users

Not within the scope of the project, but will be
done in connection with information gathering
for a peer-reviewed article by SGI during au-
tumn 2019.

Comparing how cases work to bridge the gap
between urban and large scale hydrological
models and tools for reducing the impacts of
precipitation

All Joint Experiments.
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2. Data needs before the flood

Data needs before the flood

What MUFFIN Provides

Higher resolution (SE)

Use of 1h-HYPE and higher spatial resolution.

Better resolution linked to certainty (SE and
Aalborg)

High resolution is good, but the added value can
be false as observations/models do not have the
precision - partly included within JE3.

Updated data on elevation for models (SE)

Has not provided this but can be found in the
INXCES project which measures elevation via
satellite.

Coordination of classification of warnings
among authorities (SE), clear definition of
responsibilities (FI)

Not within the scope of MUFFIN.

Info on intensity and duration of precipita-
tion (SE)

Being developed within the Rainvis rainfall
visualisation tool prototype*

Clear maps on various scenarios and type of
rain

Partly included within JE3, but needs to be fur-
ther developed outside of MUFFIN

Improved resolution and accuracy of
HARMONIE (Rotterdam)

More high resolution meteorological forecasts
(Note HYPE).

Better coupling of high resolution rainfall
observation forecasts with 3Di hydrology-
sewer ground water model (Rotterdam)

This could not be attained due to delay in the
3Di modelling.

Better model-specific data input resolution
(Aalto)

In report (HYPE(MIKE/SWMM).

Coverage and (v. Not just larger riversisuali-
zation) per catchment/ and or watershed
(SE, Aalto and Aalborg)

In Rainvis visualisation tool prototype.

Design rainfalls and search services (Aalto)

MUFFIN hasn’t worked with design rain, but
refers to the coupled SPEX project.

Preparedness on multi-levels (Aalto)

The multi-scale forecasting prototype developed
in JE3 is an effort in this direcation.

More specific use of forecasts and how they
can be used for warnings (Aalborg)

The use of rainfall threshold for urban flood
warning has been explored in JE1 and locally at
TUD (citizen reports). Optimizing how warnings
are given is a post-MUFFIN task

*Prototype of a visualization tool, available attp://hypewebapp.smhi.se/skyfall/
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3. Data needs during the flood

Data needs during the flood

What MUFFIN Provides

Info on rain duration (requiring forecast)
“When will the rain stop?” (SE)

Rainvis visualization tool prototype

Take soil moisture into account (SE)

This is considered in JE3.

Better resolution in time and space (SE)

In HYPE and by linking HYPE with MIKE (JE3).

Observations linked to forecasts

Report from Rotterdam and work with private
weather stations. Also a feature of the Rainvis

prototype.

Waterboards interested in making better use
of available data (Rotterdam)

Not within the scope of the project, but possible
follow up on how Rotterdam City works with
this.

Merging of radar and rain gauges (Aalto)

Investigated in JE2.

High resolution (on-line) oxygen measure-
ment (Aalborg)

Outside the scope of MUFFIN.

Photo documentation/web-cam of floods,
real-time observations from general public
(Aalto)

TUD describes in final report, climate scan
events. Further developments within the
INXCES project

MUFFIN End-user specification report
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4. Data needs after the flood

Data needs after the flood

What MUFFIN Provides

Visualise how data collected during an event
can be used in the models to reproduce
events (SE)

MUFFIN can describe this

Better access to distribution data for re-
search “Where does the rain go?” (SE)

Within the Rainvis visualisation tool prototype.

Spatial resolution rainfall products at 100m
and 1 minute, to capture storm dynamics
(Rotterdam)

Could not be reached in MUFFIN, mainly be-
cause of technical problems.

Map-based visualizations, probabilistic en-
semble based visualizations (Aalto),

Partly within Rainvis Visualisation tool proto-
type and JE3.

Detailed information on which locations
need special attention (Aalto)

Complement the cloudburst mapping with field
studies when it is raining (levels, flows photo
info). Outside the scope of MUFFIN but included
in e.g. the INXCES project.

More data at catchment scale (E-radar and
rain gauge data?)

Rainvis and local devlopment.

Observations of stream water bed erosion

Outside the scope of MUFFIN.

5. Case specific requests

Specific requests

What MUFFIN Provides

Better land use data to add value (Aalto
/ESP0O)

SWMM and HYPE use of the Urban Atlas data.

Better understanding of which parts of the
rainfall run-off network modelling was most
in/accurate (FI)

To some extent included in JE3, allowing for
separation between different water fluxes into
and inside the urban basin.

Better tools with higher accuracy within
hydrological forecasting (DK)

Rainvis and models linked to JE3, examples from
local development at AAU, Aalto and TUD.
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6. Final observations from the end-user specification:

End-users are had differing needs and conditiodglams MUFFIN cannot provide a
one-size-fits all solution to the problems of urliimoding. However are some general
conclusions about end-user specifications thabeamade from this three-pronged ex-
ercise:

« Local level forecasts and observations gearedifsgadly to local specificities and
conditions are most important, but there is alspedo integrate data at larger scales to
complement local level data.

» End-users require data, forecasts and obsenrgatibrainfall/flooding at a very local
level or fine scale, which is most specific to tr@nditions, but also request on a larg-
er scale such as large scale catchment areasnbliastakeholders were interested in
extended geographic coverage of smaller watercease non-urban areas

» The greatest need for more guidance and infoomdtols on rainfall and flooding is
during the stage, before the flood, followed byirtise after the flood. But methods to
integrate observations and reports during the fl@dalso important to develop.

« Accuracy and certainty of forecasts and obsemnatappeared to take precedence over
lead time or timing of observations/analysis besagravailable, although end-users and
stakeholders were reluctant to specify any tradetodétween accuracy and spatial reso-
lution.

« Visualizations in GIS-formal and web-based vigatlons at the different scales
would be very useful for end-users. Communicatibabservations through citizen
observations can an important complement to raddran gauge data to be further
explored.

* MUFFIN is very ambitious, and the small stepsieebd by the project can drive
technology forward, even if it can’t solve all pleims in each case study area.

« Better tools with higher accuracy within meteogtal and hydrological forecasting
and modelling are needed, and if good tools egistdinfall and flooding forecasts,
end-users will find a way to use them. MUFFIN htsrapted to provide this to end-
users, as far as possible within the limits ofgihegect.
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