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ABSTRACT

The need to develop sustainable stormwater management is intensifying due to climate impacts and urban
densification. Such complex planning processes require insights into disparate issues, connecting hetero-
geneous actors. While many decision-support tools are developed to facilitate such planning, research
assessing their usefulness is requested. This study introduces and assesses one such ICT-tool; the Visual
Water platform, aiming to support sustainable stormwater planning in Swedish municipalities. The study
aims to identify critical points to consider for developers of related decision-support tools and to detangle
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requirements and tradeoffs in making them relevant and user-friendly, building on test-sessions with
Swedish practitioners. Results show that the platform responds to challenges within municipal planning
as outlined by Swedish practitioners. However, though the platform content is considered relevant, its
application in real-world planning is perceived as somewhat unclear. The paper discusses ideas for how
sustainability-related decision-support tools better can respond to user demands.

1. Introduction

Climate change, urbanization and land-use changes pose major
challenges to building resilient cities. As a response, municipa-
lities around the globe plan for sustainable stormwater man-
agement systems to e.g. improve stormwater treatment,
reduce flood risks, and create attractive urban environments
(Wu, Wu, and Zhang 2019). This does not only pose technical
challenges, but requires great efforts in e.g. developing new
collaborations, improving planning processes, gathering rele-
vant information and carrying out complex analyses (Bohman,
Glaas, and Karlson 2020; Onori, Lavau, and Fletcher 2018), not
least for smaller and less resourceful municipalities.

Various decision-support systems/tools and visual representa-
tions featuring e.g. trends, risks and possible responses are being
developed to facilitate, amongst others, sustainable stormwater
planning. These have different focus, forms and target groups, but
often aim to support decision-making and learning using various
ICT-software solutions (e.g. Metze 2020; Goudine, Newell, and
Bone 2020; Lovett et al. 2015). To make such tools relevant, applic-
able and user friendly, evaluations of how they are perceived by
potential end-users can provide valuable inputs for their develop-
ment, and contribute more generally to understanding the role
and potential of climate services and/or decision support systems
(Glaas et al. 2017; Daniels et al. 2020; Findlater et al. 2021).

The big proportion of decision-support tools/systems on sus-
tainable stormwater management aim to support analyses of e.g.
risks for water pollution and/or urban flooding, feasibility of green,
blue or gray infrastructure; and/or capacity of local stormwater
systems. Recently presented examples include a methodology

using a multi objective optimization technique to incorporate
sustainable drainage systems in urban areas (Uribe-Aguado et al.
2022); the planning support system Extreme Weather Layer aiming
to support e.g. the identification and management of pluvial flood
risks (Truu et al. 2021); the SSANTO planning-support tool for
spatial suitability assessment of green stormwater infrastructure
(Kuller et al. 2019) and; the integrated decision-support Tool
i-DSTss aiming to support the selection and sizing of stormwater
best management practices (Shojaeizadeh et al. 2019). Such tools
fill important roles and has advanced significantly, often targeting
experts on stormwater management in e.g. water utilities, techni-
cal consultants or certain categories of municipal planners to
conduct and present better local analyses.

However, many challenges identified in municipal storm-
water planning do not only relate to analytical abilities and
lack of sufficient data/analyses. Authors have argued that
a proportion of climate services/decision-support systems aim
to provide better data which in itself does not necessarily
generate better decisions (Findlater et al. 2021). As outlined in
section 2.1 below, other challenges in municipal stormwater
planning involving a wide array of professions and actors are
also important to address in decision-support tools/systems,
such as: the collaboration across municipal administrations;
unclear responsibility divisions; ambiguous legislation on envir-
onmental management and urban planning; dialogues with
property owners or developers; and sharing of experiences
across municipalities. Fewer tools aim to support above chal-
lenges in municipal planning and collaboration processes,
which the below platform address.
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This study introduces and assesses the perceived utility of
the co-developed web-platform Visual Water (http://visual
water.se), which aims to support sustainable municipal storm-
water planning in Sweden by targeting identified challenges in
municipal planning and collaboration processes. The objectives
of the study are primarily to: 1) identify critical points to con-
sider for developers of sustainable stormwater-related ICT
tools, and 2) detangle requirements and tradeoffs to make
such tools relevant, applicable and user friendly for intended
users. The assessment departed from criteria for assessing sus-
tainability-related ICT tools, compiled into an applied assess-
ment framework. Empirically, the assessment builds on
transcripts from six test-sessions, assembling a heterogeneous
mix of Swedish practitioners (n = 27), conducted during the
summer and fall 2020.

2. Theoretical departures

2.1. Municipal sustainable stormwater planning
challenges and needs

Within the rapidly increasing international literature on sustain-
able stormwater planning, some challenges and needs are
recurrent, and clearly overlap with results from related
Swedish studies. Four distilled challenge areas that have
informed the Visual Water platform’s main entries are pre-
sented in below.

A first identified challenge is switching to a catchment area
perspective when analyzing and visualizing the preconditions
for sustainable stormwater management. Such analyses require
down-scaled data on different factors such as climate change
effects, nutrient emissions and the status of waterbodies
(National Academies of Sciences, Engineering, and Medicine
2017). They should further showcase both direct needs of
water management such as flood control and emission mitiga-
tion, as well as indirect needs, such as ecosystem services in
a way that is easy to grasp also for non-experts (BenDor et al.
2018; Sorensen et al. 2016). This challenge has informed the
platform’s first entry (see section 3.1).

A second challenge is to create a suitable organization as
well as internal collaboration between municipal departments
and companies in the planning of sustainable stormwater sys-
tems. More holistic water planning challenge established
responsibility divisions and often demand new organizational
structures, more integrated planning processes and new forms
of cross-departmental collaborations (Trapp, Kerber, and
Schramm 2017; Schramm et al. 2018). Recommended ways
forward include clarifying the importance of stormwater for
urban development, to raise stormwater issues earlier in plan-
ning, and to allocate resources for joint projects (Cettner et al.
2013; Bohman, Glaas, and Karlson 2020). This challenge has
informed the platform’s second entry (see section 3.2).

A third challenge is to establish cooperation with stake-
holders outside the municipal organization. Attempts at invol-
ving stakeholders in the planning of sustainable stormwater
systems are however sometimes obstructed by e.g. communi-
cation barriers, goal conflicts, and lack of incentives (Skrydstrup
et al. 2020; Bohman, Glaas, and Karlson 2020). Identified condi-
tions for fruitful cooperation include well organized processes
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(Onori, Lavau, and Fletcher 2018), less technical ways of dis-
cussing stormwater issues (Dean et al. 2018), development of
incentive structures to motivate participation (Buurman et al.
2021), and shared system knowledge (Megdal, Eden, and
Shamir 2017). This challenge has informed the platform’s third
entry (see section 3.3).

A fourth challenge is to support collaborative learning.
Previous research (e.g. van Herk et al. 2011) shows how munici-
palities in early transition processes towards collaborative
water planning can benefit greatly by new networks and inno-
vative demonstration projects. Though previous experiences of
others cannot be copied, these can act as inspiration and
ground for collaborative learning (Pahl-Wostl et al. 2007), and
provide contacts to actors with similar challenges. This chal-
lenge has informed the platform’s fourth entry (see section 3.4).

2.2. Assessment framework

The assessment of the Visual Water platform is inspired by the
analysis themes presented by Beery (2018), i.e. Rationale,
Audience, Content and Format, identified during the develop-
ment of a tool targeting sustainable stormwater management
intended for private homeowners. The themes, in turn, include
several sub-themes, which in the analysis have been used as
assessment criteria. These criteria were complemented with
further criteria from studies on similar topics, compiled into
an assessment framework matching the aims and intended
end-users of the Visual Water platform. The framework, includ-
ing explanations of the included assessment criteria, are found
in Table 1.

Rationale deals with the question why, i.e. the extent to
which the objectives of the platform are seen to make sense
and are clearly stated (Beery 2018). To assess the rationale of
a tool, assessment criteria should be clearly linked to the tool’s
main aims. Three criteria for assessing the rationale - matching
the aims of the Visual Water platform (see section 3) - were

Table 1. Assessment framework: criteria for assessing ICT tools. Inspired by Beery
(2018).

Theme

Criteria Explanation

Rationale Assemble Gather subject-relevant information and

information experiences which previously has been
disseminated at many places
Strengthen Empower users to e.g. carry out analyzes and
adaptive initiate collaborative processes
capacity
Forum for Create opportunities to initiate dialogues with
dialogue external actors
Audience Accessibility Accessibility of the platform to its intended end-
users
Prior knowledge How the content matches the prior knowledge
of end-users
Terminology If the terminology used is easy to understand
Content  Relevance How relevant the content is for the challenges
at hand
Localization Compliance between the content and local
conditions
Interactivity Ability to interact with the information and data
presented
Reliability and Level of trust in the information/data presented
trust
Format  Visual clarity How easy it is to interpret visual representations

Functional clarity How easy it is to use the functions in the tool
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applied; Assemble information (Babelon, Stahle, and Balfors
2017), Strengthen adaptive capacity (Glaas et al. 2020), and
create a Forum for dialog (Bohman et al. 2015).

Audience deals with the question who, i.e. the extent to which
the platform is considered to be adapted to the intended end-
users (Beery 2018). Three assessment criteria were applied;
Accessibility (Goudine, Newell, and Bone 2020), Prior knowledge
(Harold et al. 2016; Barclay and Klotz 2019), and Terminology
(Beery 2018).

Content deals with the question what, i.e. the extent to
which the platform is considered to include appropriate infor-
mation and functions (Beery 2018). Four criteria were applied;
Relevance (Beery 2018), Localization (Barclay and Klotz 2019),
Interactivity (Lovett et al. 2015; Harold et al. 2016), and
Reliability and trust (Goudine, Newell, and Bone 2020).

Format deals with the question how, i.e. the extent to which
the platform is considered user friendly (Beery 2018). Two
criteria were applied; Visual clarity (Harold et al. 2016), and
Functional clarity (Glaas et al. 2020).

3. The Visual Water platform

The Visual Water platform was designed to support Swedish
municipalities in the planning for sustainable stormwater man-
agement, rather than supporting the development of better
data/analyses for planning, as have been the focus of many
related decision-support tools (e.g. Uribe-Aguado et al. 2022;
Truu et al. 2021; Kuller et al. 2019; Shojaeizadeh et al. 2019). The
work has resulted in a platform with four main entries. The
target group were all Swedish municipalities, but small and
medium-sized municipalities were expected to benefit from
most parts, while larger municipalities were expected to benefit
from only certain parts, as described below. A description of all
platform entries is described in sub-section 3.1-3.4.

The first entry aims to support simplified analyses of
stormwater-related risks (e.g. for pollution spread and flood-
ing) and needs for ecosystem services (e.g. heat and noise
regulation, biodiversity and recreation) on sub-catchment
scale. This was intended to target municipalities that have
not yet bought tools for or accomplished such analyses, i.e.
predominantly small and medium sized municipalities.
However, regardless if previously done or completed using
the provided guide, results of such analyses can be visua-
lized in the platform. To pedagogically visualise the main
features of such analyses for non-experts were expressed as
vital for improved planning by municipal representatives
during the platform development (see Bohman, Glaas, and
Karlson 2020; Bohman et al. 2021), and are highlighted in
previous research (Sérensen et al. 2016).

Entrance two to four in the platform is intended to support
cross-sectoral and cross-actor planning, dialogues and leraning
for sustainable stormwater management. In contrast to the ana-
lyses supported by the first entry, the discussions with municipal
representatives during the development of the platform (see
Bohman, Glaas, and Karlson 2020; Bohman et al. 2021) indicated
that these aspects are problematic regardless of the size and
previous experiences of municipalities. The target group for this
type of support was thus expected to be broader.

The development work has been carried out by researchers at
Linkdping University and the Swedish Meteorological and
Hydrological Institute (SMHI), informed by e.g. interviews and
recurrent workshops with Swedish practitioners (see section 4.1).

3.1. Entry 1: risks and needs analysis

Entry one aims to support local analyses and visualizations of
stormwater-related risks and needs on a sub-catchment scale.
The results of such analyses are intended to facilitate cross-
sectoral planning related to e.g. strategic reservation of land,
selection and placement of sustainable stormwater measures,
and as a foundation for external collaborations. The entry consists
of three main functions, introduced via a slideshow (Figure 1(a)).

The first function is a guide, leading users through the
various steps of a risk and needs analysis in a selected sub-
catchment area. The guide takes into account various precon-
ditions, risks and ecosystem services (Figure 1(b) left). The main
inflow and outflow for the selected sub-catchment area is
marked in the map interface (Figure 1(b) right).

The second function provides data supporting above analyses
(Figure 1(c)). This includes comprehensive assessment of the eco-
logical, quantitative, and chemical status of all Swedish major lakes,
rivers, groundwater and coastal waters, streamed from Water
Information System Sweden (WISS), as well as climate data devel-
oped by SMHI for the Visual Water platform. Specifically, new runs
of the S-HYPE model (Olsson et al. 2016) present, in greater detail
than before, anticipated changes over time in Sweden’s approxi-
mately 40,000 sub-catchment areas, including climate effects. The
S-HYPE model does not include representations of drainage sys-
tems, but instead provides projections of future conditions that
needs to be managed, such as surface runoff, waterflow in streams
and lakes, groundwater levels and precipitation. The user also has
access to basic data on land cover and soil types in the sub-
catchments that forms the boundary conditions in the S-HYPE
model. The simulations have been done for three different time
periods; 1971-2000, 2041-2070, and 2071-2100 and two green-
house gas emission scenarios. Results are presented as an antici-
pated change (%) compared to the reference period (1971-2000)
for 16 different variables, including several variants of surface run-
off, waterflow, soil moisture, precipitation and groundwater levels.

The third function enables compilations of the results from
a risk and needs analysis, conducted using above guide or already
finished analyses. Results can either be documented in a reporting
template or be visualized via a map-interface where objects can be
drawn and commented for particularly important analysis results
(Figure 1(d)).

3.2. Entry 2: planning and internal collaboration

Entry two provides guidance and inspiration on how central plan-
ning challenges within collaborative stormwater management can
be handled. The information on the left (Figure 2(a)) is sorted
according to key planning challenges related to organizational
issues, comprehensive planning, detailed planning, building per-
mits and strategic planning (as described by actors in the field),
and includes references to central laws and regulations that affect
these planning conditions. Under each planning challenge, the
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Figure 2. Overview of entry 2.

user can explore how other Swedish municipalities and actors
handle the selected challenge by describing and linking to e.g.
planning documents, principles and checklists. The user can also
explore filmed interviews with, and contact information to, inno-
vative forerunning actors. On the right-hand side (Figure 2(b)),
a large number of sustainable physical stormwater measures are
presented and illustrated (see section 3.3 below).

3.3. Entry 3: dialog and external collaboration

Entry three supports dialog and collaboration between municipal
and external actors, including e.g. developers, private landowners
and farmers. In a first step the user selects a scale (landscape, city or
property) which filter what information is shown (Figure 3(a)). The
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scale regulates e.g. which actors that are listed, depending on
where in the landscape stormwater projects are to be implemen-
ted. The entry consists of three main functions.

The first function includes recommendations on how munici-
palities can initiate and carry through collaborations with listed
external actor categories. The recommendations are sorted under
challenges that have been identified in the project, and include e.g.
checklists, information materials and examples from other munici-
palities on how different situations can be handled (Figure 3(b)).

The second function is a compilation of sustainable physical
stormwater measures, sorted according to where in the landscape
they are suitable to implement (e.g. on upstream agricultural land,
at streets or parking lots, in parks, or in buildings). The measures
can be filtered according to the needs they meet, including flow
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management, pollution treatment and various ecosystem services
(e.g. biodiversity, recreation, and heat regulation). Measures that
do not meet all selected requirements are removed (Figure 3(c)).

The third function is the so-called ‘Dialog map’ (Figure 3(d))
where projects can be started for e.g. an urban area, a district, or
a development area where the initiator wants input from invited
stakeholders. Spots can be marked on the map interface and
commented by the person who starts the project as well as invited
stakeholders. If a risk and needs analysis has been conducted in the
selected area, it is shown on the map as a background for the
dialog.

3.4. Entry 4: virtual study visits

The aim of entry four is to gather and disseminate experiences
from Swedish actors on sustainable stormwater management. The
examples are shown as ‘pins’ on the map view in three categories;
Physical measures (green pin), New planning routines (orange pin),
or Collaborative projects (blue pin) (Figure 4(a)). By clicking on a pin,
the user can learn about the aim and experiences, find related
information, and get contact details to responsible actors for the
provided example (Figure 4(b)). Users can also add own examples
by marking the location on the map, responding to questions
(Figure 4(c)) and selecting a Google Street View angle (Figure 4(d)).

4. Methodology
4.1. Development of the Visual Water platform

To outline the four challenge areas for sustainable stormwater
planning, which have informed the structure of the platform
(section 2.1), scientific and grey literature was reviewed.
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Moreover, an initial questionnaire study (n = 116) as well as
15 project workshops and a series of individual interviews were
conducted with Swedish practitioners representing e.g. muni-
cipal planning departments, water utilities, consultant firms,
branch organizations, authorities and developers of other deci-
sion-support tools. These deliberations aimed to specify the
challenges and needs in practical planning, to identify learning
examples, checklists and data, and to test different prototypes
of the platform. Input from the above has guided the design,
content and learning examples in the platform (see Bohman
et al. 2021, in Swedish).

4.2. Test sessions with potential end-users

To systematically collect feedback from potential end-users on the
finalized version of the platform, six test sessions with actors who
in different ways work with stormwater issues were conducted
(Table 2). Twenty participants at the sessions were municipal
representatives including planners, environmental and storm-
water strategists and water utility representatives, who represent
the target audience of the platform. To broaden the understanding
of the platform’s possible usability and role in other municipalities,
participants from national and regional organisations took part in
the test sessions: three representatives from industry organizations
and national and regional authorities who in their roles support
municipalities in their work with stormwater issues; two represen-
tatives from large consulting firms working towards municipalities
with stormwater issues; one representative from an insurance
company and; one representative from a big construction com-
pany who continuously collaborate on stormwater issues with
several Swedish municipalities.
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Table 2. Conducted test-sessions and participants.
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Test Date Participants

1 8 June 2020 4; expert at national water association, stormwater consultant, engineer at a water utility, municipal stormwater strategist

2 8 June 2020 3; municipal climate strategist, municipal environmental controller, climate adaptation coordinator at county board

3 11 June 2020  5; municipal climate coordinator, stormwater consultant, municipal planner, expert at national agency, coordinator at a construction
company

4 12 June 2020  4; municipal stormwater strategist, municipal environmental strategist, manager at an insurance company, municipal stormwater expert

5 21 October 2020  4; municipal planner, municipal stormwater strategist, 2 municipal plan architects

6 5 November 2020 7; municipal building engineer, engineer at a water utility, municipal ecologist, municipal planner, municipal road engineer, municipal

plan architect, municipal water strategist

The sessions were held online through Zoom and lasted
between 2-3 hours. All sessions had a similar structure. Each test
session started with a quick presentation of the platform to ensure
that all participants had seen the different entries and functions.
After this, the participants were asked about their general impres-
sion of the platform and its potential role at their municipality or
organization, before each entry was discussed in greater depth.
The latter followed the structure of the assessment framework.
Finally, questions related to the strengths and weaknesses of the
platform were posed before rounding up. The sessions were
recorded and transcribed verbatim. The material was coded and
analyzed in accordance with the analytical framework.

5. Results and analysis

How a platform such as Visual Water is perceived obviously
depends on individual preferences. However, as shown below, it
also depends a lot on how the aim and content corresponds to
ongoing stormwater planning in society, which many participants
described as being in an early phase of transition without clear

steering strategies in place. Generally, the platform’s role as an
inspiration and knowledge bank was seen as the greatest strength
by most participants, where the information presented was seen as
having the potential to play an important role in a time when many
municipalities struggle to find new ways to organize themselves.
Learning from the experiences of others was considered as parti-
cularly important as ‘the rules of the game’ (including both formal
law and established practices) in Sweden were perceived as
unclear and open for negotiation. However, several challenges
were also raised, such as reaching a diverse group of municipalities
and actors with very different preconditions, needs and prior
knowledge of stormwater issues.

Patterns in the perceptions on the assessment themes
Rationale, Audience, Content and Format are described sepa-
rately below. As highlighted by Beery (2018), the assessment
themes overlap. The assessment nevertheless provided a fairly
vibrant picture of important requirements and tradeoffs that
should be considered in the development of this type of tools.
Quotes from the test-sessions have been translated to English by
the authors and are used to exemplify common reasoning.
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5.1. Rationale

5.1.1. Assemble information

Generally, participants agreed on the need to gather informa-
tion on stormwater-related issues. As argued, significant
amounts of information already exists, but are widely spread
in various forums. Participants pointed to the platform’s ‘unify-
ing function” where the experiences of others facing similar
challenges was considered of particular importance, yet diffi-
cult to overview, as exemplified:

During my whole career | have worked extensively with a lot of
information about how other municipalities work, and | see every-
body working individually and collecting information. And it would
be really good if it can be collected into one common database that
everyone has access to. (Test 6)

The above mainly refers to entry 4 ‘virtual study visits’ (section 3.4),
which by many was seen as a good forum for sharing experiences.

Other included information that was considered as key to
assemble, were overviews of sustainable stormwater measures
and spatial data (e.g. water runoff, soil types and water pollu-
tion). Generally, such information was seen easy to incorporate
into local planning processes. Information related to e.g. laws,
regulation and divisions of responsibility was however consid-
ered more problematic. Although many participants inquired
such information, they would prefer interpretations of e.g. laws
and clear models for responsibility divisions among actor
groups, rather than references to key legal text, as exemplified:

It’s difficult to ensure who is responsible. It would be good if you
could sort out, what is the property owner’s own responsibility, to
what extent should water utilities be responsible, and when should
the municipality as a whole take responsibility. (Test 6)

Another frequently mentioned issue relates to a perceived lack
of municipal-specific documents, such as conducted risk ana-
lyses, applictable policy documents and current detail plans that
were identified as important to include to gather all relevant
information at one place. The above places requirements on tool
developers that cannot or perhaps should not be met (i.e. inter-
pret laws or give advice on responsibilities), and also to store the
right versions of locally specific documents for all Sweden’s 290
municipalities. This is further discussed in section six.

5.1.2. Strengthen adaptive capacity

Adaptive capacity was brought up foremost in relation to the
support provided in the platform’s first entry ‘Risk and needs
analysis’ (section 3.1). As argued, a thorough analysis that can
create an overall depiction of risks and needs at an early stage is
central to e.g. motivate reservation of land for stormwater
management. The guide was also considered useful for
strengthening customer competence in procurements of, for
example, stormwater investigations, as exemplified:

If we can use this [the guide] to become a better purchaser and give
a clearer message to the consultants what more precisely they need
to look at, then it is of course useful. (Test 5)

Moreover, the platform was described as the embryo of
a process management tool, seen as highly desired, due to
the complexity of stormwater planning, requiring collaboration

between many actors. However, as discussed in all user tests, it
was not clear for many participants how the platform could be
integrated into local planning processes, as exemplified:

If you already have an established way of working, it’s a little hard
for me to understand how this [platform] should fit into that way of
working. There are very good things and very good knowledge, but
| do not see how this could be integrated. (Test 2)

To make it worth investing time to fully integrate the platform,
several requirements for platform development were suggested.
A frequently mentioned suggestions was to better match the
platform with systems and tools used by municipalities today. In
particular, more integration with municipality-specific data man-
agement systems was requested, or alternately that municipal-
ity-specific data can be uploaded into Visual Water, as
exemplified:

I think it would be good if you could add municipality-specific data
because it’s dissemination of information within a municipality that
can sometimes be a bit problematic. (Test 1)

To meet the first requirement here, i.e. enable integration with
specific and often self-developed data management systems in
Sweden’s 290 municipalities, must be seen as almost impossi-
ble for a general platform such as Visual Water. The second, i.e.
enable uploading municipality-specific data in the platform,
can, however, be possible, but places great demands on e.g.
data security and storage capacity. As discussed in two of the
test sessions, it would also require that municipal representa-
tives themselves regularly update the uploaded data, which
several participants were skeptical to, as exemplified:

I think it will be very difficult for us to keep the information updated.
| know how many documents we have ... it’s enough making sure
that our own pages are current. (Test 3)

5.1.3. Forum for dialog

As for the above aims, participants were generally positive also
towards creating a forum for dialog with external actors, referring
foremost to the ‘Dialog map’ in entry 3 (section 3.3). Presented
examples of how this interactive function could be used in their
municipality include collecting experiences from people affected
by floods and gathering ideas from developers on attractive
stormwater measures in an exploitation area. As argued, such
processes demand collaboration with many actors, as exemplified:

There are extremely many actors who need to collaborate on storm-
water issues and then this platform can be very helpful for everyone
in order to have access the same system and to be able to discuss or
comment on it. (Test 2)

Although many participants were positive towards using the
dialog map, the decision who should start a project and invite
others appeared problematic. This partly seemed to be due to
difficulties in understanding how the function can be used, and
partly due to the nature of stormwater issues, described by
many as lacking a ‘natural owner’. To showcase how the dialog
map can be used, presented hypothetical examples are
included. To complement these, participants argued that new
real examples continuously should be uploaded.



5.2. Audience

5.2.1. Accessibility

For the theme Audience, accessibility was the most frequently
discussed criterion. Although many participants expressed that
the tool included a large variety of useful content (section 5.3),
many found it difficult to specify what actors are the primary
users, while others had quite elaborative ideas about that, as
exemplified:

Those who may benefit from the platform are people with a more
overall role within the municipality such as a stormwater strategist
or similar, to support their way of thinking and the workflow within
the entire planning process. (Test 5)

Interpreting similar statements at most test-sessions, the uncer-
tainty surrounding key users seems to be due to several rea-
sons, including foremost; 1) unclear descriptions in the
platform, 2) blurred and locally varying responsibility divisions
in stormwater planning, and 3) actors unaccustomed to work
with details in stormwater planning. Related to the first, parti-
cipants requested more detailed information on how the plat-
form can be used, e.g. instructional videos or texts. However,
both such texts and information slides were implemented,
which few users had noticed, indicating that clarity cannot
only be solved with instructions, but that the design needs to
be more intuitive. For the latter two, it appears as if many
participants not working at a water utility, and especially in
smaller municipalities, were unaccustomed with the technical
and legal aspects of stormwater planning, and that their muni-
cipality or organization had not yet introduced any guidance or
practice for these planning processes, making it hard to see
where the platform fits.

5.2.2. Prior knowledge

The above results evidently refer also to the criterion of prior
knowledge, but further aspects were highlighted. An aspect
discussed in most test-sessions was that many participants,
based on their background, felt that they had insufficient
knowledge to understand all parts and functions of the plat-
form. This came up particularly in relation to the geographical
data presented in entry 1:

It’s a little difficult for those of us who don’t have the right back-
ground or education to interpret, what an increase of these many
percentages means? In that case maybe you have to connect to
someone with the right expertise. (Test 5)

This and similar reasoning highlight difficulties in developing
support for processes involving actors from different profes-
sions and departments. The Visual Water development team,
including involved practitioners, concluded that such
a platform needs to include many aspects in the planning,
and contain sufficiently detailed data such as modeled
changes in water flow, to be used in practice. This does
not mean that all actors involved in a process must under-
stand all details, but that they should e.g. be familiar with
the analysis made, understand what lies behind various
decisions, and comprehend the requirements for public
planning processes to get a better overview of the entire
process chain, in order to facilitate collaboration between
actors. However, the results of the test sessions indicated

URBAN WATER JOURNAL e 969

that individual users get frustrated when they do not under-
stand all details, which might lead to the rejection of the
platform.

5.2.3. Terminology

The simplicity to understand the terminology in the platform
also clearly links to the criteria accessibility and previous knowl-
edge. Participants interpreted some terms as somewhat ambig-
uous, opening up for different interpretations, and suggested
changes. An example is the use of the term ‘ecosystem services’
which according to some participants is not understood in the
same way within the various professions. Thus, suggestions of
using different terms came up, as exemplified:

Instead of ecosystem services, call it nature-based services because
then you get the part of biodiversity too. More and more people are
discussing nature-based services since there are some more things
included in this term. (Test 2)

The tests highlighted the need to discuss and adjust the termi-
nology in a decision-support tool together with targeted user
groups in order to make simple adjustments that can be of
great importance for how it is understood and received.

5.3. Content

5.3.1. Relevance

Virtually all participants seemed to agree that the content of
the platform was relevant for their work with stormwater-
related issues, though the ‘packaging’ rendered some discus-
sion. The content that was considered most relevant relates to
sustainable stormwater measures, the organization of colla-
boration processes, management of common planning chal-
lenges, and previous examples of others, as exemplified:

We have started to think about financial incentives for property
owners, and Malmé has great examples of that. Then it’s very nice
that someone has a structured work that we can learn from. (Test 4)

Links to further information was also described as particularly
useful, as exemplified:

| just want to comment that | think it was great with all the links
around an issue. | actually had practical benefit of it in a project | am
currently carrying out with property owners. | was looking for
information that | read sometime, and then | found it here. Then
| was happy. (Test 1)

However, many participants stated that there was too much
text, while others at the same time wanted more information.
This was a recurring feedback that highlights the difficulties of
reaching many different users without making a tool too
complex.

5.3.2. Localization

Input related to localization echoes much of the above. Many
participants wanted more municipality-specific content such as
e.g. local policy documents and conducted risk analyses. In
other respects, the level of detail in the provided data was
frequently discussed, where participants seem to have different
views on how detailed versus general the tool should be, which
in turn depended on who was seen as the primary users, as
exemplified:
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From a manager point of view, the platform should maybe be a bit
more specific. We already have a lot of information and knowledge
really, but there may be a need for a higher level of detail since there
are large differences between municipalities geographically as well
as regarding weather, climate, etc. (Test 3)

Statements as the above most often came from representatives
from large municipalities, while representatives from smaller
municipalities rather argued for the opposite. Representatives
from small municipalities further wanted more learning exam-
ples from municipalities more similar to them. For example, a few
participants reasoned that since small municipalities do not have
the same resources, they are sometimes not able to implement
such large-scale measures as frequently showcased. Therefore,
they felt that they could learn more from municipalities that have
made small-scale solutions, such as a single plant bed.

5.3.3. Interactivity

Discussions relating to interactivity frequently focused on the
guide for conducting risk and needs analyses. A reason for this
seems to be a general unfamiliarity among e.g. municipal
planners to interpret this type of analyses in their profession,
as exemplified:

All information here [in the guide] is very, well, descriptive. But if |, as
a planner, was to jump into this tool, | would almost be a little bit
overwhelmed by all the information that | have to process or handle.
You may need more support in how to interpret everything. (Test 2)

However, described by several as positive for the interactivity
was the ability to download the guide and the reporting tem-
plate, seen aiding the analysis since a document can be printed
and kept on the side to create a better overview, as exemplified:

| found it very good that you can download the whole chapter [the
guide] as a PDF. It's a good thing because it's hard to get an over-
view when you jump in and out of such parts. (Test 4)

For the above, age seems to play a role as this was expressed
mainly by older participants, even though the impact of age
was not specifically assessed. For participants who were familiar
with stormwater analyses, statements suggest that the guide
can aid foremost smaller municipalities in conducting analyses
that otherwise would have been procured by consultants, as
exemplified:

I'm thinking in particular of us slightly smaller municipalities that
often order these analyses, which results in large cost for us. To be
able to make such an assessment at an early stage without feeling
that we need to order it from a consultant every time would be
great. (Test 5)

Other participants considered it as problematic that data for all
steps of the analysis were not provided in the platform and
must be incorporated from other sources.

5.3.4. Reliability and trust

No statements from the test-sessions indicate that any partici-
pant distrusts information or data in the platform, which may
be due to the fact that it was developed by researchers at
a university and a government agency together with practi-
tioners with high confidence in society. However, several

participants raised concerns with this type of open and freely
available tools as they require constant development to be
current and relevant, as exemplified:

My only fear is what happens when the project time is over?
Because there is a lot that needs to be updated and kept going.
(Test 3)

I think this is the beginning of something really good, but then the
question arises; who will own the system? What does it look like in
two years? (Test 6)

As discussed in section six, the concerns above are indeed valid
and require reflection. Many decision-support tools that are
developed will be discontinued when the project period ends,
which several participants had experienced.

5.4. Format

5.4.1. Visual clarity

Most of what was considered visually unclear relates to the
included climate and waterbody data. Though several partici-
pants described the benefit of including such data broken
down to sub-catchment scale, they also presented difficulties
of interpreting it. For example, many participants seemed con-
fused about the time perspectives in climate modeling, had
difficulty interpreting color representations, or did not fully
understand the meaning of the parameters, as exemplified:

Just some input here, when | was looking around | thought that it
was difficult to know what the colors mean. (Test 2)

| don’t really understand the time perspectives. A change between
different time periods in the modelled data, what does that mean?
(Test 3)

Based on the feedback as the above, e.g. new explanatory texts
have been implemented. This can potentially solve some of the
problems for users who are unaccustomed to work with this
type of data, but who at the same time spend a lot of time to
understand the content. Based on feedback from users, more
pervading changes are needed to make the platform more
user-friendly.

5.4.2. Functional clarity

As argued in all test-sessions, the overall structure of the plat-
form with its four main entries was perceived as easy to grasp
and made sense for the general way of working with storm-
water issues. The various functions within these entries, on the
other hand, were seen as more or less user-friendly. The func-
tion in the platform considered as most difficult to comprehend
and use is the ‘dialog map’, even though the function was
considered as relevant for the current challenges at hand.
After discussing it, however, most participants expressed an
understanding for how the function can be used, indicating
that slightly better descriptions or instructional videos (as sug-
gested) should make it more available to many. Nevertheless,
the built-in interaction between the ‘risk and needs analysis’
and the ‘dialog map’ (i.e. that a completed and stored risk and
needs analysis can be used as an information layer in the dialog
map), does not appear to have been made clear for many



participants. On the other hand, the participants who had
observed this interaction saw it as highly relevant, as
exemplified:

| think it was very good that if you have done your risk analysis, it
follows and can also be presented in the map for dialogs. And that is
important. Should an area become denser, we cannot accept that
there will be an addition of stormwater to pipes, and then we can
discuss solutions to avoid that. (Test 6)

Clarification of the connection and interaction between functions
in the platform seems to require greater development efforts.

6. Discussion and conclusions

This study set out to introduce and assess the Visual Water
platform, which aims to support sustainable stormwater plan-
ning in Swedish municipalities, to identify critical points to
consider for developers of sustainability-related ICT tools, and
to detangle requirements and tradeoffs in making such tools
appear relevant and user friendly. Some general conclusions
from the six conducted test-sessions with potential end-users
can be drawn based on the four applied assessment themes
and criteria.

6.1. Rationale

On a general level, the platform are in line with most partici-
pants’ expressed needs related to their work with sustainable
stormwater planning. This was somehow expected as the plat-
form has been developed in close collaboration with relevant
stakeholder categories. However, several challenges, tradeoffs,
and requirements were identified. In relation to gathering sub-
ject-relevant information and experiences, most notably, parti-
cipants were positive towards the collection of experiences by
others, but required that local information such as municipal
policy documents, detail plans and already conducted risk
analyses should be included in the platform. Keeping such
information updated for all Sweden’s 290 municipalities
would however be next to impossible in a nation-wide platform
such as Visual Water. A related tradeoff is whether more general
information still should be included or whether it risks creating
frustration among users. An interpretation of the discussions
suggests that general information that, in some way, is linked
to practical management (although examples of how others
have done or how they have interpreted e.g. laws) was con-
sidered valuable and could be one approach to ‘localizing
information’ (c.f. Beery 2018), while other general information
often takes up space and makes a tool unnecessarily complex.

In relation to empowerment, several opportunities with the
platform were raised including e.g. its ability to strengthen
individuals’ capacity to order relevant analyses from consul-
tants, provide access to relevant information and increase the
knowledge of stormwater planning. However, there was
a demand for more integration with municipality-specific sys-
tems for handling data, or that such data can be uploaded in
the platform, to better support collaborative processes. Here,
a clear direction needs to be determined for the Visual Water
platform (and likely for similar tools), namely whether to aim to
strengthen individual users’ capacities and inspire joint process
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development, to support the management of joint processes
(i.e. an integral tool for process management), or possibly strife
to achieve both. Although these aims may well be possible to
combine (which Visual Water was designed to do), the results of
the test-sessions suggest that the latter would demand signifi-
cant time investments in developments and communication to
fully meet presented user demands, which has also been found
in previous studies (e.g. Bohman et al. 2015), and would likely
require a commercialization of the platform, which is often not
within the remit of public authorities or universities.

Related to supporting dialogs with external actors, partici-
pants were generally positive to the function for map-based
virtual dialogs (the ‘dialog map’), but saw it as unclear how and
by whom it should be used, which makes the threshold high for
new users. This highlights another tradeoff; namely how delim-
ited a dialog forum should be to different applications. This
challenge of creating a forum that is as open as possible, while
at the same time clear about its possible use, has been
a struggle for the development team behind Visual Water.
Showcasing hypothetical examples of how the function could
be used (as now tested) is a way forward, but should, as
requested by the participants, be supplemented with real
examples and instructional videos.

6.2. Audience

For the audience theme, accessibility was the most discussed
criterion. The platform was perceived to include much relevant
content, but many participants expressed uncertainty about its
key users, referring to e.g., unclear platform descriptions,
blurred responsibilities in municipal stormwater planning, and
an unfamiliarity among several participants to work within all
steps in stormwater planning processes. The above highlights
difficulties to develop platforms for heterogeneous actor
groups with such a mixed pre-understanding and local condi-
tions. A question arising during the development is whether it
would be favorable to create different entries to the platform
for different actor categories. While this potentially could make
it easier to adapt information and functions to different users’
roles and pre-understanding, it would imply a barrier to other
functionalities, such as sharing information across actor cate-
gories. This strikes a discordant note with the challenges high-
lighted in previous research, which showcase a lack of
collaboration on stormwater planning rather than a lack of
knowledge per se (e.g. Schramm et al. 2018). Although clarifica-
tions to facilitate the understanding of which parts of the plat-
form different actors can use can be implemented, this does
not solve problems linked to unclear roles and responsibilities
in municipal stormwater planning, which appears to be a key
barrier for actors in using the platform. An assumption based
on the results of the user test, however, is that the platform was
launched at an early stage of the transition towards sustainable
urban stormwater management in Sweden, and that the under-
standing and applicability of the platform may increase over
time. This is supported by several participants from larger
municipalities that already work actively with sustainable
stormwater planning who seemed to recognize themselves
and the tasks of their organization in the platform’s structure
to a greater extent.
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6.3. Content

Related to contents, a large share of participants agreed that the
included information and functions are relevant, but that the plat-
form is already overloaded with information and functions and
probably would need to contain even more to be fully applicable,
which makes the platform difficult to overview. This points to
another challenge in the development of decision-support,
namely to implement a fair amount of information, which prefer-
ably should also be easy to grasp, a balance that has been
addressed in previous studies (e.g. Neset et al. 2019). This challenge
becomes even more difficult if the target group is broad and issues
are complex, as for Visual Water. The development team has
continuously worked to simplify and reduce the amount of text,
but more such work is required to increase its accessibility.
Related to reliability and trust, the participants did not
express any doubts regarding the accuracy of the data or the
presented planning challenges. Several participants, on the
other hand, expressed concern about the platform’s survival
after the project period. Some participants had themselves
experienced that research-developed tools in similar areas
rapidly becomes outdated as research funding often supports
development but not maintenance. The development of Visual
Water includes funding to keep the platform updated and
functional for some years. However, the future is uncertain,
and probably will require another actor to take over operations
to ensure that the resources spent on the development of the
platform will continue to provide societal benefits. Hence, this
study support results by Findlater (et al. 2021) in that decision-
support tools need to be institutionalized and supported by
long-term operational funding. This also raises the question of
whether a more overarching policy is needed to obtain and
operationalize this type of decision-support tools.

6.4. Format

Related to the perceived user-friendliness, many participants that
are unaccustomed to interpret climate data expressed that they
were struggling with understanding some of the more complex
contents and vocabulary in entry 1. Though clarifications, help-
texts and a well thought out vocabulary can aid this understanding
to some extent (c.f. Dean et al. 2018), it appears impossible to get
all potential users among the large number of actors involved in
municipal stormwater planning to fully understand all necessary
details for such a complex area. This has raised questions among
the development team if it would be possible to include two ways
for presenting e.g. stormwater-related data. For example, one that
in a simplified way describes trends that municipalities need to
relate to, and one containing a more complete dataset for users
who carry out analyses. This would require further analysis and
development, but could be a way forward to make practitioners
more familiar with all planning steps, which hopefully could aid
collaboration through increased insights into the different areas of
responsibility and practice in sustainable urban stormwater
management.

Another barrier to fully comprehend the extensive content
of the platform is the difficulty of getting an overview of how
different functions are connected, i.e. the connection between
risks and needs analyses visualized on the map interface in

entry 1, and the possibility of using these as a basis for map-
based virtual dialogs in entry 3. Here, schematic process
descriptions showing connections between platform entries
and functions were suggested for clarification.

6.5. Concluding remarks

The development and testing of the Visual Water platform has
highlighted ways forward, but also challenges, to support munici-
pal stormwater planning via ICT-based decision-support tools. The
fact that the platform was developed to support experienced
problems in current municipal planning processes, rather than
the development of better analyses for planning, was appreciated
by many test-session participants. This was arguably because
many advanced tools for making analyses of e.g. urban flood
risks already exist (SCALGO Live was mentioned as a good example
by several participants) or are under development (e.g. Truu et al.
2021). The main problems raised were thus often not related to the
platform’s aim or content, but rather to its complexity, which
appear rooted in; 1) a continued unfamiliarity to collaborate with
many actors across professions on complex stormwater issues,
and 2) difficulties to overview all content and functions in the
platform, which is a result of the fact that broad planning processes
require a balancing of many different knowledge foundations,
experiences and data. This showcase difficulties in developing
a tool which, according to participating practitioners, should con-
tain everything that is relevant to the planning (i.e. ‘a one stop
shop’ tool), while at the same time being transparent. This supports
results from other studies stating the need to develop several
interconnected tools rather than a single one to support so-
called knowledge-action systems (Weichselgartner and Arheimer
2019). Dividing the Visual Water platform into several intercon-
nected tools might thus be an alternative to increase its transpar-
ency, but would however also risk not supporting collaborations
and learning among heterogeneous actors as intended. This is
a key challenge in the continued development of decision support
tools for sustainable stormwater management, requiring further
reflection.

Moreover, the development process and testing itself was
found effective for gaining a better understanding of challenges
and needs in municipal stormwater planning, which is consistent
with findings in contemporary literature arguing that the devel-
opment of visual outputs is a constructive way of conducting
research with actors such as municipalities (c.f. Metze 2020). The
study also echo calls for co-produced decision-support as effec-
tive for identifying how such tools could be designed to become
useful and usable (Daniels et al. 2020; Vincent et al. 2018), but at
the same time shows the difficulties with this as actors within the
same organization may have very different views on their needs
for support and how these should be designed. What further
came out is the need to elaborate more on how tools such as the
Visual Water platform can be taken over by other societal actors
when the project period is over. This appears to be a key to
making better use of the research and development funding that
many countries invest in sustainability-related decision-support.
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