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Introduction

Flood events due to local intense rainfall are fre-
quently causing damage and disturbance in Swed-
ish cities. A cloudburst flood occurs every second
day in summertime somewhere in Sweden (Ny-
berg et al., 2019). Each event typically has limited
consequences at local level, but the high frequency
generates a large accumulated societal e ect. We
also, however, experience large-scale catastrophic
events, such as in Germany and Belgium in sum-
mer 2021 (see e.g. Bosseler et al., 2021), with more
than 200 lost lives. One reason for the potentially
large consequences of cloudbursts is the uncer-
tainties of when and where they will occur, which
makes prevention and preparedness di cult. e
knowledge of the natural and societal processes

related to cloudburst flood events is still erates -scale uchly
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(SMHI, 2021). A first assessment of the damage is
that the event generated more than 7,000 insur-
ance claims, corresponding to more than 1 billion
SEK (SVT, 2022).

e global warming is expected to lead to more
intense cloudbursts, as a warmer atmosphere can
contain more water vapour and as convection will
be triggered more often. Current estimates for
Sweden (Svenskt Vatten, 2011; SMHI, 2022a)
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an obligatory complement to the assessments of
river, lake and coastal floods (MSB, 2018). Anoth-
er example is the recent assessment of the ten worst
risk-exposed areas in Sweden, which includes risks
from river, lake, and coastal floods, together with
landslides and erosion, but not floods from cloud-
bursts (SGI and MSB, 2021). isis likely because
this type of assessments is less developed than for
rivers, lakes and coasts, but also because of vari-
ous methodological di culties. With the limited
knowledge of today, cloudburst risk assessment
and management have to be carried out for all are-
as where there are potentially negative consequenc-
es, which mainly correspond to all urban areas. e
knowledge of the hazard component, e.g. which
areas will be inundated, has increased due to the
use of various types of topographic and hydraulic
models. e complicated link to the vulnerability
component, i.e. where the water causes damage
and disturbances and how e ective adaptation
measures can be implemented, is less known. A
better understanding of spatial and temporal var-
iability of individual cloudbursts, their negative
consequences, and potential adaptation measures
would decrease these uncertainties and make pre-
ventive action more precise.

To complement the traditional data sources
on cloudburst risks, we can see great potential
in crowdsourcing techniques. Such techniques,
linked with public engagement activities via so
called citizen science, are frequently used across
science to supplement traditional means of data
collections. As such, people are nowadays also data
producers. In the SPARC project, we will investi-
gate the potential for crowdsourcing in three areas:
« Rainfall observation: The cores of high-intensity

rain events are often not captured in national,
or even municipal, gauge networks because of
its local character and information from private
weather stations as well as from social media
could substantially increase the density of spatial
information of rain events.

« Damage assessment: Damage data are heavily
scattered between different actors and the EU
directive GDPR makes it difficult to share sen-
sitive data at property level. Voluntary sharing

ko)

of damage data by public and private actors,
including a secure treatment of sensitive data,
would increase the data amount and enable
flood analyses at property level as well as aggre-
gated assessments at local, regional and national
levels.

« Local countermeasures: Adaptation measures at
property/block level are needed to infiltrate and
store stormwater to reduce damage from intense
rainfall. The effects of such measures and the
citizens’ willingness to protect themselves and
their neighbourhoods will be investigated with
help of focus group discussions and network ac-
tivities.

e three areas are described further in the three
following sections.

Data sources for intense, local and

short-duration rain events

Urban flooding, which occurs when the stormwa-

ter drainage systems are totally or locally overload-

ed due to heavy rainfall, is very strongly related

to the characteristics of the individual rain event.

Quite often, such events are associated with large

variations of rain intensity in both time and space.
is means that a design storm with simplified dis-

tribution in both time and space can seriously mis-
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Figure 2. Test of performance of a Netatmo rain gauge, carried out by SMHI. Photo: Mikael Stenstrom, SMHI.

ious objects such as cars — more than 1500 cars
were damaged during the storm event August 31,
2014 in Malmg (Sveriges Radio, 2014). Insurance
data is an important source as the insurance sector
have direct contact with the property owners and
perform the initial assessment of the damage cost
(Wing et al., 2020). Flood damage data, however,
is dispersed across the insurance companies, each
company collects data in their own way, and there
is no systematic collection at regional or national
level. In Sweden, insurance damage data are pri-
vately owned (Grahn and Olsson, 2019) and not
easily accessible, in comparison to other European
countries where damage data are shared with aca-
demia (e.g. in Germany: Kellermann et al., 2020).

In Sweden, a special legal practice allows insur-
ance companies to claim their payouts to a ected
property owners from municipal water and waste-
water utilities following a flood event (Regressk-
rav). is means that after a flood event, the data
collected by these municipal organisations become
a source of claims of all insurance companies. As
a result, the role of municipal water and wastewa-

k.73

ter utilities in Sweden is critical for both collecting
and disseminating data. e damage cost, however,
does not represent the total cost. e cost of flood
damage to buildings can be divided into three cat-
egories: cleaning costs, building material damage,
and content damage (Mobini et al., 2021). Having
access to each component of the total cost is critical
for assessing the parameters that influence the cost.

e ideal scenario for Sweden would be to have
a systematic national flood damage database with
data directly from insurance companies. Mean-
while there could be a national collection of flood
damage data from municipal water and wastewater
utilities to establish a collection of standardized
flood damage data nationally.

We find a very good example of sharing insur-
ance data in Norway, where the branch organ-
isation for the insurance sector Finance Norway,
together with the governmental authority Direk-
toratet for samfunnssikkerhet og beredskap (DSB),
have created a database — Kunnskapsbanken
(https://kunnskapsbanken.dsb.no) — containing
information and data to support prevention and
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preparedness at local and regional levels. One part
of the database contains data on previous disaster
events, including consequences and costs, and via
a log-in, municipalities and other actors can get
access to data. A similar initiative has not yet been
taken in Sweden.

e SPARC project will increase the knowledge
of flood damages on built environment, and de-
velop a method for systematic and secure damage
data collection in collaboration with municipali-
ties and the insurance sector.

Interesting development of adaptation measures
While urbanisation historically has proceeded by
areal growth starting from old city centers a.k.a.
urban sprawl, the new paradigm is based on densi-
fication (Rosenberger et al., 2021). In Europe and
North America, this is a big shift in strategies and
practices of urban planners, and the result is that
many spaces between existing buildings are devel-
oped for housing or commercial use. In turn, this
shift has potentially substantial e ects on urban
hydrological processes. e most important e ect
of densification is that surfaces are changing from
being capable of infiltrating rainwater to being
close to impervious.

As a result of urban densification, and associat-
ed increased impervious areas, the response from
water engineers is to focus on various specific
measures to mitigate these problems. e princi-
ples used are to infiltrate, store and discharge water
in safe ways. e actions taken involve a mix of
what is often denoted as blue-green solutions. Typ-
ical examples are rain gardens, green roofs, ponds,
permeable asphalt, swales etc. While the technical
design of many of these structures are well estab-
lished, various obstacles hamper their implemen-
tation. Problems arise, for example, due to issues
regarding maintenance and financing. One com-
plicating factor is that measures taken in one lo-
cation (typically upstream) is beneficial at another
location (typically downstream). s latter issue
can be resolved by using financial incentives like
reduced water fees for those property owners who
implement flow-reducing measures.
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Another problem for promoting blue-green
measures is that they are still often considered as
new and unproven. In order to improve this sit-
uation, it is necessary to keep on evaluating the
performance of such measures from various points
of view, like hydrological, ecological, and econom-
ic. Furthermore, such information needs to be
collected and made easily available to anyone in-
terested, e.g. on the Climatescan platform (www.
climatescan.nl).

In recent years, incentives have been o ered
to property owners in various municipalities
throughout Sweden for disconnecting gutters from
the city’s drainage system. For example, in Malmo,
2500 SEK have been o ered for each gutter dis-
connected from the building (VASYD, 2022),
which has contributed to a reduction in storm-
water flow in the city’s drainage system. ere
are numerous other ways for property owners to
manage stormwater on their own land. As part of
the project "Plats for vatten” (Room for Water) in
Malmd, house owners receive suggestions from the
municipal water and wastewater utility VASYD.

Another approach to reduce stormwater flow
that has been used in several other countries (for
example Austria, Australia, Canada, France, Ger-
many, and Poland) is to base the monthly fee on
the amount of stormwater (Tasca et al., 2018; Di-
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Conclusions
It is clear that Sweden as well as many other coun-
tries will su er from increased cloudburst flood
risk, both because of the global warming and the
urban development. To prevent further damage,
the knowledge about key factors behind these risks
needs to increase. e positive side of the problem
is that there is large potential for using data from
new sources to get a better understanding of the
spatial and temporal variability of rainfall, as well
as of flood damage and potential countermeasures.
is data already exists to a large extent, but needs
to be collected, coordinated, analysed, and trans-
lated into practice. Existing data sources, mainly
managed by public actors, need to be combined
with crowdsourcing where citizens are involved
and share their data in di erent ways. Manage-
ment of cloudburst risk is a typical area where
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