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1. Executive summary
DRIZZLE’s vision is to develop pioneering, research-based stormwater management knowledge and solutions to 
minimize pollution loads on receiving waters, to minimize the risk for flooding in urban areas, and to capture the 
opportunities that stormwater runoff can offer.

One of the competence centre’s first actions was to change its name from VINNWATER to DRIZZLE, since it was 
found that there is another Swedish initiative within the water sector called win water. 

As DRIZZLE is a new competence centre, focus has been on establishing a sound, collaborative research envi-
ronment among the partners, i.e. the foundation of needs-driven, excellent research. This includes: 1) developing 
and determining ground rules for collaboration; 2) developing a common understanding among partners of the 
centre’s vision and goals; 3) setting up the research organization; and 4) outward activities to attract new research 
collaborations. 

Regarding research personnel, the primary focus has been on employing PhD and Post Docs, followed by sen-
ior researchers; i.e. industrial/municipal funded PhD students were first employed, as it was agreed that those 
funding organizations would have first option on research topics within DRIZZLE’s research themes, and that 
Luleå University of Technology (LTU) would thereafter fill the gaps. In 2019, all industry/municipality funded PhD 
students were in place. 

Several DRIZZLE researchers presented their findings at a range of national and international conferences. A 
number of papers have been published in highly ranked peer-review academic journals. Senior staff at LTU have 
been invited on several occasions to participate in the development of research agendas, e.g. the Water JPI 
Strategic Research and Innovation Agenda. DRIZZLE has also actively promoted the centre both to the research 
society and to the public, e.g. through its participation in the Almedalen week, and at Smart City Expo World 
Congress in Barcelona. 

Two SME projects, funded by Vinnova’s designated research funding for SME partners in the competence centre, 
were initiated in 2018, and another in 2019. Descriptions of those projects can also be found in this report.
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2. Centre projects
One of the first actions was to change the name of the competence centre, from VINNWATER to DRIZZLE, since 
it was found that there is another Swedish initiative within the water sector called WIN Water.

DRIZZLE’s vision is to develop pioneering, research-based stormwater management knowledge and solutions to 
minimize pollution loads on receiving waters, to minimize the risk for flooding in urban areas, and to capture the 
opportunities that stormwater runoff can offer.

2.1 Creating a collaborative research environment
As DRIZZLE is a new competence centre, focus has been on establishing a sound, collaborative research envi-
ronment among the partners, i.e. the foundation of needs-driven, excellent research. This includes: 1) developing 
and determining ground rules for collaboration; 2) developing a common understanding among partners of the 
centre’s vision and goals; 3) setting up the research organization; 4) outward activities and strategic networking 
to attract new research collaborations and to market DRIZZLE.

1) Developing and determining ground rules for collaboration, includes developing and agreeing on regulatory 
documents such as: the centre agreement (contract); regulations of the centre board operations; regulations for 
the centre board’s recommendation on allocation of additional SME funding from Vinnova; regulations for require-
ments on potential new partners; and communication plans. 

Fig .1 Pictures from DRIZZLE’s kick-off, January 2018, Stockholm

2) Developing a common understanding among partners of the centre’s vision, goals and activities is important 
for a successful collaboration. Therefore, great effort has been spent on collaborative activities in several places 
in Sweden, such as the kick-off, a number of workshops, project meetings, and the set-up of a communication 
portal. 

Fig. 2 Pictures from DRIZZLE’s Annual Meeting (Partsstämma), August 2018, Luleå
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For example, at DRIZZLE’s annual meetings (Partsstämma), PhD students and senior researchers have present-
ed their ongoing research, so that partners not directly involved in those research projects also get information 
on what is going on, and can contribute with their knowledge. At both annual meetings, workshops on various 
collaboration related topics were arranged. The annual meeting in 2018 took place at LTU in Luleå, and in 2019 
at Tyréns office (one of DRIZZLE’s partners) in central Stockholm.

3) Setting up the research organization has of course been the main focus of the centre’s operations. Activi-
ties include: the appointment of research theme leaders; defining and deciding research projects; employment 
of researchers, i.e. both Post Docs and PhD students; and the appointment of supervisors, including Visiting 
Professors. Visiting Professors have been appointed to, for example, strengthen the supervising capacity of the 
research group. 

Since four of DRIZZLE’s partners are funding industrial/municipal PhD students, the primary focus has been on 
employing these; it was agreed that the industrial/municipal partners would have first choice of research topics 
within DRIZZLE’s themes, and that Luleå University of Technology (LTU) would thereafter fill the gaps. The City 
of Stockholm and Tyréns were able to recruit PhD students relatively quickly, but for various reasons, NCC and 
Luleå Municipality could not employ PhD students in 2018, although both of them had PhD students in place in 
the first half of 2019. The City of Stockholm’s PhD student started her employment in April 2018, but decided to 
end in January 2019. Therefore, the city employed a new PhD student who started in August 2019. The PhD stu-
dents have obtained supervisors, both from LTU and the funding organization. Several PhD students, Post-Docs, 
and Visiting Professors were employed in 2019, and several more are coming in 2020. The timeline of employing 
research staff is summarized in Figure 4.

Fig. 3 Pictures from DRIZZLE’s Annual Meeting (Partsstämma), August 2019, Stockholm

2017 2018 2019 2020 2021 2022

SEPTEMBER 

Project start

APRIL

Madeleine Syk start, 
Municipal PhD student

DECEMBER

Pär Öhrn Sagrelius 
start, industrial 

PhD student 

JANUARY

Madeleine Syk, 
Ended

MARCH

Haoyu Wei start, PhD student MARCH

Jiechen Wu start, Post Doc

MARCH

Robert Furén start, 
industrial PhD student 

APRIL

Lian Lundy start, 
Visiting Professor

JUNE

Emelie Hedlund Nilsson start, 
Municipal PhD student

AUGUST

Kelsey Flanagan 
start, Post Doc

AUGUST

Lisa Öborn start, 
Municipal PhD student

OCTOBER

Tone Muthanna start, 
Associate Visiting 

Professor

FEBRUARY

Saida Kaykhaii start,
PhD student APRIL

Ivan Mantilla
start, PhD student

MARCH

Kalpana Gopinath 
start, Post Doc

MARCH

Mewish Taneez start, 
Post Doc

MARCH

Ali Beryani start,
PhD student

APRIL

Nikita Razguliaev
start, PhD student

AUGUST

New Senior Lecturer, start 

APRIL

New Post Doc, start 

OCTOBER

End of Phase 1

Fig. 4 Timeline, employment of research staff, DRIZZLE
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Three senior researchers from the Urban Water Research Group at LTU have been appointed as theme leaders, 
one for each of DRIZZLE’s three research themes, i.e. stormwater quality, stormwater quantity, and integrated 
stormwater solutions.

4) Outward activities and strategic networking to attract new research collaborations and to market DRIZZLE 
include: the development of a profile picture (see front page of this document); set-up of a website; production 
of roll-ups, brochures, and other information material; news articles in Stormwater&Sewer’s newsletter (which is 
produced by the Urban Water Research Group at LTU, and distributed to a large number of water and waste wa-
ter professionals); and participation in conferences and other external events, such as the Brussels-based Euro-
pean Water Platform Water Europe (previously WssTP), Smart City Expo in Barcelona, etc. PhD Lena Goldkuhl is 
the leader of one of Water Europe’s working groups, and Visiting Professor Lian Lundy is the co-leader of another. 

In 2019, several DRIZZLE researchers presented their findings at a range of national and international events, 
including: Novatech (Lyon, France), one of the leading international conferences promoting solutions for inte-
grated and sustainable stormwater management; WETPOL – 8th International Symposium on Wetland Pollutant 
Dynamics and Control (Aarhus, Denmark); and Sewer Processes and Networks - SPN9 (Aalborg, Denmark). 
Additionally, a number of papers have been published in highly ranked peer-review academic journals. For a sum-
mary of DRIZZLE publications, see Section 5.1. A workshop proposal, which was developed in joint collaboration 
with DRIZZLE’s Board, has been submitted to World Water Congress & Exhibition 2020, Copenhagen. DRIZZLE 
researchers have also given popular science lectures, such as university lecturer Heléne Österlund’s lecture on 
Microplastics, at Havremagasinet, Boden. 

Members of the research group have also been invited as experts on several occasions and have participated 
when it was judged to be strategically important for DRIZZLE. For instance, Professor Maria Viklander and PhD 
Lena Goldkuhl were invited to Dublin, Ireland, as experts in the development of JPI Water’s Strategic Research 
and Innovation Agenda, both in November 2018 and October 2019. Moreover, PhD Lena Goldkuhl was invited 
as an expert to a workshop in Madrid to participate in the development of a forthcoming JPI Water and Biodi-
vERsA COFUND Call. In 2019, Visiting Professor Lian Lundy was invited to co-chair the NORMAN (Network of 
research centres for monitoring of emerging environmental substances) Working Group on Risk Assessment and 
Policy Support.

Moreover, in the beginning of July 2019, during the Almedalen week, DRIZZLE arranged the seminar “Storm-
water as a resource”, see Figure 5. The seminar, organized by DRIZZLE partners LTU, NCC and Tyréns, was 
very well attended, and attracted city planners as well as people working in the urban water sector. Under the 
guidance of moderator Ulf Kamne, Birgitta Olofsson (Tyréns), Hans Säll (NCC), Lena Goldkuhl (LTU), and PhD 
student Pär Öhrn Sagrelius (Tyréns/LTU) participated in the discussion on how stormwater can best be used to 
build tomorrow’s society.

Fig. 5 DRIZZLE seminar, Almedalen, July 2019
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2.2 Research projects
Within DRIZZLE, excellent needs-driven research is conducted that will create knowledge to support the devel-
opment of research-based, adapted, sustainable stormwater management solutions. The research activities are 
divided into three different research themes, based on the needs expressed by DRIZZLE’s stakeholders, namely:

1) Stormwater quality
2) Stormwater quantity
3) Integrated stormwater solutions

The major part of the reported costs refers to supervision of PhD students and costs related to experimental set-
ups in the projects described below, as the labour costs for the PhD students employed by LTU in 2018 have 
been paid mainly by other sources. 

2.2.1 Laboratory infrastructure

As can be seen in the research project descriptions below, the applied research in DRIZZLE takes place in both 
laboratory and field settings. The environmental lab and associated experimental outdoor facilities provide the 
basis for the analysis work and experiments in laboratory and pilot scales. The environmental laboratory and ex-
perimental hall are also used for laboratory work in the urban water courses given to students in the Environment 
and Water civil engineering program.

Fig. 6 Pictures taken in the environmental laboratory, LTU

For studies in field, the research group uses a specially equipped vehicle called “Labbomobil”. The cargo com-
partment is equipped with work surfaces to enable laboratory work to be performed directly in field, such as 
filtering of samples, filling of sample bottles, and execution of simpler analyses, e.g. pH, conductivity, TSS, and 
turbidity. The vehicle is also used to transport field equipment, such as flow meters, portable samplers, sediment 
core sampler for sampling in ponds and receiving waters, water samplers, soil samplers, snow samplers, and an 
infiltrometer for measuring infiltration capacity in soil. 

Fig. 7 Pictures of the “Labbomobil” during field studies, exterior and interior
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Laboratory specialist Kerstin Nordqvist supervises all laboratory analyses conducted by the PhD students. Peter 
Rosander, research engineer, assists the PhD students during field studies. 

Additionally, the fluid mechanics laboratory, i.e. the John Field laboratory, is also used for DRIZZLE studies; 
see “the sponge” in the research project description. The John Field laboratory at LTU is a fully equipped and 
well-functioning laboratory for advanced measurements of flow and deformation in lab and field. The lab is, for 
example, equipped with a Tomographic Particle Image Velocimetry (Tomo-PIV) system, in which fully three-di-
mensional flow fields can be captured, and in-stationary effect in the flow can be disclosed in intricate geome-
tries. Indexed matching is used to study flow in porous media. Conventional PIV or Laser Doppler Velocimetry 
may be applied in field, and innovations using such techniques may lead to unique equipment for in-situ meas-
urements of urban water flows. A 3D x-ray microtomography allows for 3D imaging of a variety of materials, such 
as ore, mineral, metal, wood, snow, and granular materials with sub-micron resolution.

2019

In 2019, the research group participated in two courses on microplastics. Katharina Lange, PhD student with-
in DRIZZLE, was one of the participants in a course titled “Development and challenges related to sampling, 
analysis, removal and environmental impact assessment of microplastics”. The course was organized by the 
University of Oulu, Finland. The two-day course comprised lectures and learning activities, such as microscopy 
and automated micro plastic analyses, as well as a review of different analysis methods for microplastics. It is 
clear that the knowledge on microplastics, their fate, effects and analysis is, at present, very limited, and that 
more integrated and multidisciplinary research will be needed in the future. Within the InterReg Baltic Sea project, 
FanpLESStic Sea, a course on microplastics analyses was held by project partner Aalborg University. All project 
partners participated to learn how to sample microplastics and to prepare samples for analysis, so that by the 
use of Micro-FTIR Spectroscopy only the microplastics remain for analysis. Laboratory specialist Kerstin Nord-
qvist participated as a representative of LTU. 

Sarah Lindfors, PhD student, visited Professor Thomas Meyn at NTNU, Trondheim, Norway, to learn about the 
size fractionation technique, ‟asymmetrical flow field-flow fractionation”, usually abbreviated to AF4. Sarah will now 
apply the technique on stormwater samples, to characterize the colloidal fractions of metals. This will give new 
knowledge about stormwater geochemistry and improve, for example, risk assessments for receiving waters.

Furthermore, three climate chambers were purchased in 2019 in order to enable studies on pollutant release from 
aged building materials. The climate chambers will facilitate accelerated ageing of paints and plastic materials. 
The first study is planned and will be executed in 2020. 

2.2.2 Stormwater quality

Urban areas contain numerous sources of pollutants contributing to diffuse pollution. During dry weather, pollut-
ants and particles are built up on surfaces in the urban environment. During wet weather and snowmelt, these 
pollutants are washed off and leached, for example from roofs, facades, roads and pavements, and transported 
in the storm sewers to receiving waters. In the stormwater sewers and transportation system, wash-out from 
catch basins, pipes and ponds may additionally contribute to the release of previously trapped sediment and as-
sociated pollutants. Two aspects of stormwater quality are of particular importance: (i) entry of harmful chemicals 
or microbiological agents into urban stormwater, and (ii) remedial measures, usually in the form of treatment, to 
prevent further distribution in the environment. In order to develop treatment solutions, knowledge on the content 
of the water to be treated is needed.

Heléne Österlund, university lecturer at LTU, is the research theme leader of the Stormwater quality theme. 

Microplastics in stormwater

The topic of microplastics in water has received increased attention during recent years and, of course, mi-
croplastics can also be found in stormwater. In fact, stormwater is a major transportation route for microplastics 
from the cities and roads to the surrounding environment. Within DRIZZLE, stormwater from different types of 
urban areas is studied to increase the knowledge on what types and quantities of microplastics are carried with 
stormwater, and where in urban areas we find sinks where microplastics are trapped and accumulated.
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Madeleine Syk, municipal PhD student (financed by City of Stockholm), who started in April 2018, had been 
working on this project, together with her supervisors Heléne Österlund and Maria Viklander, LTU, laboratory 
specialist Kerstin Nordqvist, LTU, mentor Jenny Pirard, City of Stockholm, as well as other representatives from 
City of Stockholm and Stockholm Vatten och Avfall. 

2019

Unfortunately, Madeleine Syk decided to end her PhD studies in the beginning of 2019. A new municipal PhD 
student, Lisa Öborn, was recruited, and started her PhD studies at the end of August 2019. In collaboration with 
Stockholm Vatten och Avfall (SVOA), and coordinated with another of DRIZZLE’s sub-projects, she planned and 
carried out extensive sediment sampling in storm-
water pond facilities in the Stockholm area. In 2020, 
these samples will be analysed for their microplastics 
content. 

PhD student Katharina Lange has carried out sam-
pling of a stormwater treatment facility in Sundsvall (in 
connection to the E4 bridge that has high traffic loads) 
in order to evaluate the treatment efficiency with re-
spect to microplastics and tyre wear. The treatment 
facility has a treatment train consisting of a sediment 
tank, oil separator, and biofilter. Two treatment steps 
of the facility are being evaluated.

In the autumn of 2019, a Post Doc, Kalpana Gopi-
nath, was recruited to strengthen the research area of 
microplastics in stormwater. She will start working at 
LTU in March 2020.

Stormwater pollutant sources

The building wash-off and its quality have been ad-
dressed over the past 30 years, but mostly with re-
spect to heavy metals in roof drainage. In this pro-
ject, a general suite of chemical substances and their 
wash-off will be addressed, including, for example, 
metals and trace organics identified as priority pollut-
ants, and pollutants of emerging concern.

Fig. 8 Car tyres can release microplastics

Fig. 9 Amin Djioui, SVOA, Johan Gustafsson, SVOA, Lisa 
Öborn, PhD student, and Daniel Eklund, SVOA, sampling 
sediment in Ryska Smällen sedimentation tank, Stockholm
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DRIZZLE’s studies examine these processes at various scales, starting with lab scale studies, continuing with 
pilot scale studies, field studies, and later at sub-catchment level. The results from these studies will allow for the 
recommendation, prescription, and selection of environmentally sound building materials.

Alexandra Müller, PhD student, was on parental leave during the main part of 2018. Throughout that time, Kerstin 
Nordqvist, laboratory specialist at LTU, was responsible for the collection of runoff from the pilot scale site. 

2019

During 2019, two studies were published on sources to stormwater pollution: one critical review summarising the 
previously studied sources and indicating important knowledge gaps, and one research article on the pollutants 
from the outdoor pilot scale experiments, where some of the selected materials and the pollutants leaching from 
these materials were reported in scientific literature for the first time. In November, Alexandra Müller presented 
her licentiate thesis “Urban Surfaces as Sources of Stormwater Pollution: An Evaluation of Substances Released 
from Building Envelopes”. The discussion leader was Professor Emeritus, Per-Arne Malmqvist.

During the autumn of 2019, Mehwish Taneez, Post Doc, was recruited. She will be working within the field of 
stormwater pollutant sources, beginning in March 2020.

Fig. 10 Various building materials, outdoor pilot scale experiments, at Campus LTU
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Characterization of stormwater pollutants

In order to understand how stormwater pollutants will 
spread in the environment, and in order to develop adapt-
ed stormwater treatment solutions, knowledge on the size 
fractionation of metals is important. LTU is conducting 
studies in, for example, Umeå on sites with different land 
use characteristics, such as a car park, industrial parks, 
and a trafficked road. The stormwater from these sites 
are analysed with respect to the size fractionation of trace 
metals. Sarah Lindfors, PhD student, LTU, is conducting 
these studies under the supervision of Maria Viklander, 
Lian Lundy, Heléne Österlund, and laboratory specialist 
Kerstin Nordqvist, all of LTU, and in cooperation with rep-
resentatives from Dag&Nät (Stormwater&Sewers).

2019

Collected data were evaluated, and a manuscript was 
written and submitted to Water Research. Furthermore, 
a new passive sampling technique (DGT) for the analysis 
of metals was applied to stormwater studies. Though the 
technique has been used for surface waters, sediments, 
and soils since 1994, it has not been applied in stormwa-
ter studies. The technique is promising for stormwater ap-
plications since it facilitates the otherwise time-consuming 
water sampling procedure, and can be used for estimation of labile and bioavailable metal fractions. In addition, 
the size exclusion takes place in situ, directly in the stormwater flow, which prevents the alteration of fractionation 
during the time between the samples being taken and treated and analysed in the laboratory. This technique 
could also be a promising tool for urban water practitioners in their work to identify the most polluted stormwater 
and to evaluate stormwater treatment facilities.

Treatment of copper roof runoff

Copper roofing materials are used in many cities around the world, for example on institutional and cultural her-
itage buildings. Stormwater runoff provides a major transport pathway by which particulate bound and dissolved 
contaminants can enter receiving waters. As roofs typically constitute a significant proportion of the impervious 
surfaces in a catchment, roof-derived contaminants have the potential to negatively affect aquatic ecosystems 
in receiving waters. 

Fig. 11 Ultrafiltration of stormwater applied to deter-
mine size fractionation of metals

Fig. 12 Field work at the Swedish Nationalmuseum, Stockholm
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The Swedish Nationalmuseum, Stockholm, has a copper roof, and the authorities require that the runoff should 
be treated before its discharge. Hence, a clinoptilolite filter system has been installed. LTU is performing studies 
on how the filter performs in full-scale application in terms of treatment efficiency, as well as the lifespan of the 
filter.

Ivan Milovanović, PhD student at LTU, is conducting these studies under the supervision of Annelie Hedström, 
Inga Herrmann, and the laboratory specialist Kerstin Nordqvist, all of LTU. The National Property Board Sweden 
(Statens Fastighetsverk) is also involved in the project, providing support during the sampling occasions; City of 
Stockholm is a partner in this project, too. 

2019

The sampling started in December 2018 and was ongoing throughout 2019. Samples have been taken from 
the inlet well before the filter, and from the outlet manhole on seven different occasions, i.e. Ivan Milovanovi‟ 
has travelled to Stockholm for each of these sampling occasions. During 2019, data have been evaluated and 
preliminary results were presented in September 2019 at the NORDIWA conference in Helsinki. After 18 months 
of operation, the results indicated copper treatment of about 70%. However, the concentration of copper in the 
outlet was still rather high, due to very high influent concentrations. In order to better understand filter ageing, 
sampling will continue in 2020. 

Stormwater pollutant removal in green infrastructure 

The grass-covered surfaces of green infrastructure facilities, such as grass swales and filter strips, play an impor-
tant role in the removal of pollutants from stormwater runoff. 

Review of previous research on green infrastructure and pollutant retention

Previous research regarding the capability of grass filter strips and swales to retain various types of pollutants 
carried by stormwater runoff has been reviewed, and a review article was submitted in 2018 (accepted for pub-
lication in 2019).

Pollutant retention in green infrastructure

Moreover, infiltration of stormwater into the underlying soil is an important process for pollutant removal in grass 
filter strips and swales. Consequently, pollutants are accumulated in the soil of such facilities. In the second 
project, soil samples from grass swales have been collected and analysed for metals and physiochemical soil 
parameters. 

Fig. 13 Sampling of soil in a grass swale
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The results have been used to estimate the total loads of specific traffic-related metals (Cu, Pb, Zn) retained in the 
soils of the investigated swales since they were built. These estimates were compared to the results of a concep-
tual, source-based, “planning-level” model (StormTac). A good agreement between the measured and modelled 
loads in soils was obtained. The results suggest the feasibility of assessing the long-term performance of grass 
swales by modelling trace metal inputs into swales, estimating the metal loads retained in soils by analyzing soil 
samples, and taking the difference as the exported load. A conference paper on these findings has been pub-
lished by Gavri‟, Larm, Österlund, Marsalek, Wahlsten and Viklander (2019). (The conference proceedings were 
published in 2018, but for some reason the publication year is stated as 2019).

Secondly, the results from the sampling campaign are used to investigate the variability of concentrations of a 
variety of metals in space and depth. The objective of this analysis is to relate these results to the operational 
conditions of the investigated swales (stormwater inflow, snow storage).

Mainly responsible for the above described studies is Snežana Gavri‟, PhD student, LTU, under the supervision of 
Günther Leonhardt and Maria Viklander, LTU, and in close collaboration with Thomas Larm and Anna Wahlsten, 
both from StormTac. 

2019

The conference paper presented in 2019 has been revised in joint collaboration with, for example, the DRIZZLE 
partner StormTac, and published as a journal paper. Moreover, the comprehensive results from the lab analysis 
of the collected soil samples have been analyzed in depth, and results and conclusions have been presented in a 
draft manuscript. The manuscript addresses the spatial distribution of 10 different traffic-related metals and other 
elements in the three investigated swales. It further addresses the bioavailability of the substances found in swale 
soils. Snežana Gavrič, PhD student, has been on parental leave since May 2019. The manuscript will be finalized 
and submitted when Gavrič returns from her parental leave.

Contaminant pathways and long-term performance of bioretention facilities for  
stormwater treatment

Stormwater bioretention is a core green infrastructure technique for targeting water quality treatment and peak 
flow retention, thus providing environmental impact mitigation and flood risk protection. Further, it can also con-
tribute to urban amenities. Bioretention consists of vegetated soil filter media with a temporal water detention 
storage. The water infiltrates and is filtered by bio/geochemical processes in the filter. 

Thus, the use of bioretention facilities is increasingly popular today. When LTU, as the first actor in Sweden, start-
ed to investigate bioretention functionality in 2005, no Swedish stakeholder intended to implement such facilities. 
This has changed and daily experience and contacts with municipalities and consultants shows that manifold 
projects are ongoing. One reason for this is the research conducted at LTU, which (inter alia) has focused on 
adaptation of bioretention to Nordic conditions. 

However, bioretention is still a new, innovative technology. Especially in Sweden, but also world-wide, experi-
ences regarding its long-term function and life cycle analyses are lacking. At some point in time, the facilities’ 
treatment capacity will be exhausted, and the filter media must be replaced. Thus, management, recycling, or 
disposal of used filter media needs decision-making support. Earlier research in DRIZZLE (Søberg et al., 2019b) 
showed that metal pathways in bioretention filter material are not readily understood. Further, accumulation and 
pathways of many pollutants of emerging concern have not been evaluated at all.
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Therefore, in the autumn of 2019, industrial PhD student Robert Furén (NCC and LTU) performed a comprehen-
sive field sampling campaign on filter media from older bioretention facilities. It resulted in 268 samples from 29 
different facilities between seven and 16 years old and located in different urban catchment areas. 

Currently, chemical and data analyses are ongoing to be able to determine sampling and analysis of metal behav-
iour and pathways of organics. Chemical analyses include metal fractionation by sequential extraction to provide 
information on how the metals are bounded to the filter materials and the long-term behaviour of metals. Further, 
organic contaminant analyses include PCB, PFAS, alkylphenols, and PAHs. 

Robert Furén, industrial PhD student, NCC and LTU, is mainly responsible for the above studies. The field study 
was done in collaboration with Ohio State University, Columbus, USA (Associate Professor Ryan Winston). At 
LTU, Professor Maria Viklander, Associate Professor Godecke Blecken, Post Doc Kelsey Flanagan, and PhD 
Heléne Österlund are involved in different parts of the study. 

Bottom-grid structure for enhanced sediment settling

Stormwater solids are generally recognised as one of the most important water quality parameters in stormwater 
runoff, as pollutants are transported on the surfaces of the solids from the pollution source to the receiving water 
bodies. The most common method of treating solids in stormwater runoff is stormwater ponds. Limiting factors 
when designing the stormwater pond is the area required for the solids to settle out as sediment, and the cost of 
the removal of sediment from the pond. To address this, a device for improving the sedimentation process, and 
reducing resuspension of already settled sediment, was proposed – bottom-grid sedimentation structure. The 
device would act as a sediment trap placed immediately downstream of the inlet to a stormwater pond, or other 
sedimentation facilities. 

 

Fig. 14 Robert Furén, industrial PhD student, sampling a bioretention facility, Downtown Columbus, Ohio, USA
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In collaboration with the Czech Technical University in Prague, Czechia, the impact of different geometries of the 
bottom-grid structure on sedimentation efficiency was investigated. Parameters analyzed included cell footprint, 
cell depth, and inclination of the walls of the bottom-grid structure. A scaled physical model of the bottom-grid 
structure was constructed, and experimental runs were conducted at the hydraulic laboratory in Prague. After 
the initial runs, Ivan Milovanovi‟, PhD student at LTU, made further adaptations of the model, and continued with 
the experiment. In total, 34 experimental runs were conducted and Milovanovi‟ ran 24 of these. Each experi-
mental run took around half a day to finalize, meaning that Ivan spent a total of around six to seven weeks at the 
laboratory. 

2019

Data acquired from the experiments were analyzed, and results were presented at the 9th International Confer-
ence on Sewer Processes and Networks (SPN9) in Aalborg, in August 2019. It was shown that the larger cells 
proved to be more effective than the smaller cells, that cell depth had little influence on sediment trapping, and 
that the cells with inclined cross-walls proved more effective in sediment trapping than the vertical cross-walls. 
Following the conference, a joint paper was written and submitted to Water Science and Technology; this has 
since been revised and re-submitted. 

The studies on the bottom-grid sedimentation structure were conducted by Ivan Milovanovi‟, PhD student, in 
collaboration with researchers at the Czech Technical University in Prague, Czechia, and under the supervision of 
Annelie Hedström, Associate Professor and Inga Herrmann, Associate Senior Lecturer, and in collaboration with 
Jiri Marsalek, Adjunct Professor and Maria Viklander, Professor, all of LTU.

Coagulation and flocculation treatment of polluted stormwater

Stormwater treatment is conventionally based on sedimentation processes to remove particulate matter in order 
to improve the water quality. However, recent research has shown that the smaller particle fractions, which are 
less efficiently removed by sedimentation, are important pollutant transporters. In order to attain an adequate 
treatment effect, stormwater control measure design should include targeted removal of the smaller particle 
fractions.

Fig. 15 Experimental run of the bottom-grid sedimentation structure, at the Hydraulic Laboratory at the Czech Technical 
University in Prague, Czechia
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Coagulation/flocculation is a treatment process that is ubiquitous in wastewater treatment and drinking water 
production, but very uncommon in a stormwater treatment context. Coagulation/flocculation has a proven ability 
to destabilize smaller particles, causing them to readily aggregate and settle out.

In this project, different aspects concerning coagulation/flocculation and its application as a treatment compo-
nent for polluted stormwater have been investigated. More specifically, the choice of coagulant, the coagulation 
characteristic, and the dominating coagulation mechanism were investigated. Additionally, the treatment efficien-
cy of the most common pollutants in stormwater was determined. 

Fig. 16 Fredrik Nyström, PhD student, conducting experiments in the environmental laboratory, LTU

The main person responsible for these studies was Fredrik Nyström, PhD student, in consultation with his super-
visors Annelie Hedström, Associate Professor, and Maria Viklander, Professor, all of LTU.

2019

In April 2019, Fredrik Nyström presented his licentiate thesis “Coagulation process characteristics and pollutant 
removal from urban runoff”. The discussion leader was Michael Cimbritz, Senior Lecturer at Lund University.

As a continuation, Fredrik Nyström has planned and designed a new experimental set-up and ordered sup-
plementary equipment during autumn 2019 to be able to investigate the feasibility of electrocoagulation in the 
stormwater context. 

Environmental risk of stormwater pond sediments

Stormwater ponds, which regulate stormwater flows and improve water quality through sedimentation processes 
while also contributing to the urban landscape and providing habitat for various species, are some of the most 
common stormwater control measures. Maintenance of these facilities involves removing and disposing of sedi-
ments that accumulate in the pond over time. This sediment is likely to be contaminated by a wide range of pol-
lutants transported by stormwater from the urban environment; its disposal requires managing the environmental 
risk posed by the pollution and is a critical step in the life cycle of stormwater ponds. 
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2019

In autumn 2019, as the first layers of ice began to 
appear on stormwater ponds, LTU sampled sedi-
ments from 17 stormwater management facilities 
in four cities across Sweden. To thoroughly char-
acterize the environmental risk posed by these 
sediments, each sample was analyzed for metals 
according to various methods (total and dissolved 
concentrations, passive samples, sequential ex-
traction), screened for 259 organic pollutants, and 
evaluated for toxicity. 

Results will improve knowledge of the contami-
nation of stormwater ponds and provide insights 
into the best methods and indicators for evaluating 
environmental risk, ultimately helping to minimize 
the environmental and economic costs associated 
with the disposal of these sediments. 

Kelsey Flanagan, Post Doc, is conducting the 
above studies under the supervision of Heléne 
Österlund, Godecke Blecken, and Maria Viklander, 
all from LTU, and in collaboration with, for example, 
Stockholm Vatten & Avfall and City of Stockholm.  

Evaluation of sediment removal from storm-
water ponds

One of DRIZZLE’s partners, Järven Ecotech, has 
developed an innovative method to remove sed-
iment from stormwater ponds. Sediment is hoo-
vered up from the bottom of the pond, and thereafter gathered in a large, relatively dense fabric container. Coag-
ulation/flocculation chemicals are added in order to separate the smaller sediment particles from the water, and 
thereafter the clear water is released back to the pond.

 

Fig. 17 Kelsey Flanagan, Post Doc, sampling sediment in a 
stormwater pond

Fig. 18 Järven Ecotech’s sediment removal fabric container, Photo: Järven Ecotech 
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In this project, LTU is evaluating the quality of the treated water, and whether further treatment of the water is 
needed, before returning it back to the pond. Fredrik Nyström, PhD student, LTU is conducting these studies, 
under the supervision of Annelie Hedström, Inga Herrman, and laboratory specialist Kerstin Nordqvist, all of LTU, 
and in collaboration with Järven Ecotech. 

2019

In 2019, planning meetings have been held between Järven Ecotech and LTU to develop the experimental plan, 
i.e. to make sure that the experiments will be scientifically sound and at the same time will not interfere with the 
operations of Järven Ecotech. The experiments are scheduled to start in 2020.

Bridge deck runoff 

Vinnova supports this project through its designated research funding for SME partners in the competence 
centre. Management and stormwater treatment of bridge deck runoff is a great challenge, in Sweden as well as 
the rest of the world. Predominately, this is because many bridges are located in urban environments, with very 
limited space for treatment facilities. 

In this project, Järven Ecotech is testing compact solutions for the treatment of bridge deck runoff. In the first part 
of the project, stormwater runoff will be collected from a heavily trafficked bridge deck in central Stockholm, and 
potential treatment technologies will be tested. In 2018, laboratory and test equipment were set up, and in 2019 
small scale tests will be conducted on the collected stormwater runoff, to evaluate different treatment method-
ologies, in order to identify the most promising. Thereafter, pilot equipment will be manufactured, installed, and 
evaluated from several perspectives. This project is led by Emil Eriksson of Järven Ecotech and his co-workers, 
and is conducted in close collaboration with Stockholm Vatten och Avfall and researchers at LTU. 

2019

The main part of the project has already been carried out. However, since the winter conditions in 2019 were 
not representative (i.e. no snow cover), application has been made to Vinnova for prolongation of the project as 
Järven Ecotech wants to include sampling of meltwater in the project.  

Fig. 19 The Central Bridge, Stockholm, Photo: Järven Ecotech
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2.2.3 Stormwater quantity

Heavy precipitation is becoming increasingly common 
in many parts of the world, because of ongoing climate 
change. The costs for the cloudburst in Copenhagen in 
July 2011 have been estimated as close to 1 billion Eu-
ros. To avoid such damages, and associated costs, most 
cities have to be redesigned with regards to the possi-
bility of storing large amounts of stormwater. The chal-
lenge and innovation lie in the type of storage that can be 
provided. Surface storage of stormwater requires space, 
which is hard to achieve in dense urban areas, and which 
also costs significant amounts of money in terms of un-
sold properties. Accordingly, especially in dense urban 
areas, there is a need for space-efficient stormwater stor-
age. To achieve this, in many cases combinations of sur-
face and underground solutions will be needed. Günther 
Leonhardt, researcher at LTU, was the theme leader of 
the Stormwater quantity theme until June 2019, when 
Lian Lundy, Visiting Professor at LTU took over.

The sponge

The vision is to develop sub-surface or pop-up storage 
that can retain stormwater like a “sponge”, i.e. to relieve 
the pressure on stormwater sewers in case of heavy pre-
cipitation, where space-demanding solutions are not an 
option. 

During DRIZZLE’s first year of operations, considerable effort was put into transforming theories previously used 
for composite production into relevant theories for the stormwater area. That is, LTU was working on investi-
gating possible solutions in theory, involving materials that not only swell, but in some cases also stiffen when in 
contact with water. Several interesting ideas need to be carefully scrutinized regarding different aspects, such as 
stormwater quantity and quality, placement, and operation and maintenance. The most important aspect is that 
the solutions are physically reasonable and to ensure this, theoretical models were being developed that describe 
the flow processes inside the material. Involving the use of tomographic three-dimensional, three-component 
particle image velocimetry (a new concept in fluid mechanics), results demonstrate that the use of absorbing and/
or porous media on several scales can be optimized with respect to theoretical maximum storage capacities and 
inflow rates. A paper on this was published in 2018 by Larsson et al.  

2019

In 2019, innovative concepts of dynamic stormwater storage in sponge-like porous bodies have been modelled 
using first principles for two variants: down-flow and up-flow sponge-like porous storages. In the down-flow 
storage variant, a relatively large area, such as sections of a roof, parking lot, playground, or football field, would 
be covered with a material that absorbs the rainwater directly upon contact. The material then swells, keeping 
the intercepted water in place, see Figure 21. 

Fig. 20 Sofia Larsson, Post Doc in Fluid Mechanics, 
LTU, in the John Field laboratory

Fig. 21 Illustration of down-flow sponge-like porous storage
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In the up-flow storage variant, water ponded on the ground moves dynamically upwards and is stored in two 
types of pre-installed structures: supported vertical structures that expand only in the horizontal direction when 
absorbing water, and unsupported structures that grow from the ground as they absorb water. The former struc-
tures can be, for example, wrapped around trees or lampposts, see Figure 22.

 

Fig. 22 Illustration of up-flow supported sponge-like porous storage

For the unsupported structures that grow from the ground as they absorb water, the material not only swells, but 
also stiffens. This process is analogous to the rising of flowers when irrigated after a dry period, see Figure 23.

 

Fig. 23 Illustration of up-flow unsupported sponge-like porous storage 

Different designs of sponge-like porous bodies were evaluated in relation to the characteristics of two types of 
designed rainfall events. Results show that the modelled sponge-like porous bodies’ performance matched (or 
exceeded) design storm requirements, confirming their potential to control stormwater runoff and reduce the risk 
of flooding. As a novel approach, further experimental work will focus on developing the evidence base required 
to bringing this theoretical concept to a higher Technological Readiness Level. 

Sofia Larsson and Robin Andersson, Post Docs in Fluid Mechanics, LTU, have the main responsibility for these 
investigations, in consultation with Staffan Lundström, Professor in Fluid Mechanics and Hans Åkerstedt, LTU, 
with Maria Viklander, Professor in Urban Water Engineering and Jiri Marsalek (Adjunct Professor), LTU. 

Sub-surface processes

The use of green infrastructure, as well as the consideration of green urban areas as parts of the urban drainage 
system, is raising increased interest. However, in order to develop accurate planning tools for urban runoff, a 
comprehensive understanding of the function of green infrastructure, and consequently a sound description in 
mathematical models, is first required. As urban drainage models have their roots in the traditional water and 
pollution transportation processes based on impervious areas and pipe systems, there is a research need with 
regard to the representation of green infrastructure and green areas, where sub-surface processes are of impor-
tance. 
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Differences in models’ prediction of runoff from 
green areas 

In the first project, the performance of three widely 
used models (SWMM, MOUSE, and MIKE SHE) to 
predict green space runoff volumes was comparative-
ly assessed using semi-synthetic data for a 26-year 
time period, with 11 different soil types and six differ-
ent depths as sources of variation. This is in order to 
elucidate their structural differences and the conse-
quences when making predictions with these models. 

The tested models predict considerably different run-
off from green areas for the same input data. These 
differences can be related to differences in the math-
ematical description of various sub-surface process-
es, as infiltration into the unsaturated zone and per-
colation into the ground water. 

Water content in soil and runoff modelling

The water content of the soil in green areas/green infrastructure is a decisive factor for the formation of surface 
runoff from rainfall and infiltration into the soil, respectively. Such data have so far rarely been used in urban rain-
fall-runoff modelling. In the second project on sub-surface processes, water content in a swale is measured with 
several sensors, and different methodologies for using such data in model calibration are suggested and compared.

Ico Broekhuizen, PhD student, LTU, is conducting the above described studies under the supervision of Günther 
Leonhardt, Jiri Marsalek, and Maria Viklander, all of LTU. 

Influential factors in surface runoff generation from urban green infrastructure

Runoff from urban green infrastructure is not only determined by the rainfall characteristics such as magnitude, 
but also by the antecedent conditions of the facility, such as soil water content or the ground water level. These 
relationships are analysed based on a four-year hydrological data set from a parking lot drainage, including partially 
pervious, vegetated areas together with a swale, in comparison to a parking lot drainage utilizing conventional 
stormwater sewers. The multivariate data collected include meteorological data and measurements of surface 
runoff, ground water level, and soil water content. The aim is to identify influential factors for runoff generation from 
urban green infrastructure facilities, and to quantify the benefits compared to conventional drainage systems. 

Hendrik Rujner, LTU, is responsible for this study, under the supervision of Günther Leonhardt and Maria Viklander, 
LTU, and in collaboration with Dag&Nät (Stormwater&Sewers).

 

Fig. 24 Ico Broekhuizen, PhD student, conducting model-
ling of stormwater runoff

Fig. 25 Hendrik Rujner, LTU, conducting instrumentation of a swale
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2019

In 2019, Ico Broekhuizen, PhD student, completed two journal papers, and worked on a detailed modelling study 
of a swale using the MIKE SHE model. The goal of the modelling study was to investigate the added value of 
using soil water content observations for reducing the uncertainties in estimated parameter values and predicted 
behaviour of the swale. Preliminary results were presented at NOVATECH, Lyon (based on a lower-resolution 
version of the model) and work continued using a higher spatial resolution and more rainfall events. High-reso-
lution physically based models like MIKE SHE allow detailed study of the water fluxes in the swale and enable 
forecasting of the effect of physical changes in the study area. In June 2019, Broekhuizen presented his licentiate 
thesis, “Uncertainties in rainfall-runoff modelling of green urban drainage systems: Measurements, data selection 
and model structure”. The discussion leader was Associate Professor Manfred Kleidorfer, Innsbruck University, 
Austria. At the end of 2018, Hendrik Rujner started to work at a consulting company. Even so, in 2019, he has 
continued to analyze the collected data, and to write a paper manuscript.  

Green roof water retention capacity 

Green roofs have the potential to restore a multitude of 
ecosystem services lost due to urbanisation and in-
creased imperiousness. The hydrological function of 
green roofs depends on construction parameters such as 
drainage layers, substrate properties, and vegetation. The 
local climate and especially the potential evapotranspira-
tion also greatly affect performance. However, estimating 
the contribution of the vegetation to hydraulic function 
is challenging as it undergoes a continuous succession 
where abundance and species composition fluctuates. 
To explore this further, research this year has focused 
on characterising the performance of alternative types of 
green roof vegetation in detaining stormwater volumes. 

Preliminary findings from seven rain events indicate that 
the relationship between vegetation cover and retention 
was relatively small. However, comparing standard green 
roof vegetation (sedum monoculture) with alternative veg-
etation selected based on the biomimicry approach and 

on Grime’s C-S-R plant life strategies, showed that targeted vegetation selection can improve water retention and 
plant survival on green roofs (Lönnqvist et al., 2019).

2019

The results presented in Lönnqvist et al. 
(2019) were based on an analysis of seven 
rain events during autumn 2018. In 2019, 
approximately 30 more rain events were 
monitored, including low to extreme inten-
sity rains and different ambient conditions. 
This data will be complemented with more 
rain events during 2020. 

The main responsible person for this re-
search is PhD Student Joel Lönnqvist, un-
der the supervision of Associate Professor 
Godecke Blecken and Professor Maria 
Viklander and in collaboration with, for ex-
ample, PhD student Dean Shrieke, Mel-
bourne University who visited LTU for four 
weeks in 2019, and PhD Chris Szota and 
PhD Claire Farrel, Melbourne University (who also hosted Lönnqvist’s visit at Melbourne University). 

Fig. 26 PhD Student Joel Lönnqvist on a green roof in 
Kiruna

Fig. 27 Various green roofs, outdoor pilot scale experiments, at Cam-
pus LTU
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2.2.4 Integrated stormwater solutions

Integrated management of stormwater with blue/green infrastructure, which targets the environmental and tech-
nical aspects (water quality and quantity/flooding), as well as socio-economic aspects, is a great challenge. 
However, this integrated approach is crucial to utilizing the huge opportunities which multi-functional blue/green 
infrastructure provides, thus helping to achieve more sustainable cities and communities. This potential is under-
lined by the fact that integrated stormwater management, with blue/green infrastructure, can directly contribute 
to many of the UN Sustainable Development Goals (SDG), e.g. SDGs 6 Clean Water, 9 Innovation and Infrastruc-
ture, 11 Sustainable Cities, 13 Climate Action, 14 Life Below Water, 15 Life on Land, 3 Good Health and Well-Be-
ing, and 8 Decent Work and Economic Growth. Given the collaborative character of large parts of DRIZZLE, it 
also contributes to achieving SDG 19 Partnership for the Goals. Thus, integrated research involving technical, 
environmental, and socio-economic aspects is needed to develop knowledge on how to build integrated sys-
tems. Accordingly, further evaluation of blue/green infrastructures’ technical, environmental, and social-economic 
potentials (and limitations) is required to enable and ensure that it delivers optimally. This is the overarching aim 
of the theme in DRIZZLE.

Godecke Blecken, Associate Professor at LTU, is the theme leader of the integrated stormwater solutions theme. 

Multifunctional areas in subarctic cities

Many Swedish cities are situated in subarctic climate. When it comes to precipitation in subarctic climates, a con-
siderable amount during the year falls as snow. The snow is often transported and discarded at snow deposits 
outside the city centre. Snow deposits can contain many contaminants from the cities that, with the meltwater, 
can reach and pollute nearby waterbodies. 

 

Fig. 28 PhD student Emelie Hedlund Nilsson at the major snow deposit outside Luleå kommun, July 2019

This project investigates the possibility of creating multifunctional areas within subarctic cities that can function 
both as snow deposits during winter and as stormwater treatment areas during warmer seasons. 

2019

During the autumn of 2019, historical precipitation and temperature data from the last 30 years was collected 
from 10 cities, i.e. five cities in Sweden, four cities in Norway, and Reykjavik on Iceland. The analysis of the data 
focuses on typical rain patterns that can occur in cold climates, and when these patterns might influence the 
design of a multifunctional facility for snow deposition, melt- and stormwater treatment.
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Emelie Hedlund Nilsson, municipal PhD student (financed by Luleå kommun) who started in June 2019, is work-
ing on this research project under the supervision of Professor Maria Viklander and Associate Visiting Professor 
Tone Merete Muthanna, both LTU, and Ulrika Larsson, Luleå kommun.

Sensitivity analysis for uncertainty quantification

Vinnova supports this project through its designated research funding for SME partners in the competence cen-
tre. StormTac Corporation has developed a modelling tool, StormTac Web, which is used by a large number of 
consultants, municipalities, construction companies, and universities, both in Sweden and abroad. 

StormTac Web is used to model stormwater, e.g. in terms of concentrations and loads of pollutants, treatment 
effects of various treatment facilities, and flow detention to prevent flooding. There is a strong demand among 
users to obtain knowledge on the extent of uncertainties of modelled results. Such knowledge could help in de-
ciding whether more investigations would be needed or not, to make sure that a planned investment would pro-
vide the desired effect, such as treatment capacity, or flood resistance. In the first phase of the project, StormTac 
Corporation is developing a methodology to quantify uncertainties concerning, for example, runoff coefficients, 
precipitation, size of watershed area, and pollution concentrations in stormwater discharge. 

In 2018, a literature study and compilation of methods for quantification of stormwater uncertainties was con-
ducted regarding, for example, annual stormwater flow, design flow, annual pollutant concentrations and loads, 
and reduction efficiencies of various treatment facilities. A compilation of measured data from Swedish case 
studies with and without stormwater treatment facilities, and with flow data served as the basis for the quantifi-
cation.

 

Fig. 29 The StormTac Web interface
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2019

In order to estimate the uncertainty and sensitivity of the StormTac Web model, a case study was chosen. A 
comparison was made of the measured data from the case study with StormTac Web calculations. The method 
judged as most fit for purpose for quantifying uncertainties was then implemented into StormTac Web. Uncer-
tainty input and output regarding pollutant concentrations and loads, and water flows were then evaluated. This 
work is important, since it is essential to know the extent of uncertainty in order to estimate the error margin of 
modelling. In other words, knowledge on uncertainties when modelling can assist in making better and more 
reliable decisions regarding required design of transport, pollutant treatment, and flow detention facilities. The 
work is conducted together with researchers at LTU.

Green roof biodiversity and aesthetics 

Both vegetation abundances and community compositions play important roles for the functions of green roofs. 
Examples include stormwater retention, but, given the multi-functional character of green roofs, also urban bi-
odiversity, aesthetic appearance, etc. However, green roof vegetation can change significantly over time, which 
consequently may also affect the functions related to them. 

 

Fig. 30 Two different kinds of green roofs

Thus, within DRIZZLE, we performed a study aiming to evaluate the vegetation on green roofs in northern Swe-
den, in terms of presence/absence of the originally intended, as well as the colonising unintended, vegetation 
and its cover. Further, it was the relationships between biotic factors (vegetation diversity, composition, and 
abundance) and abiotic factors (roof age, substrate depth, slope, aspect, and roof size) that were explored. Due 
to the short growing seasons and long, cold winters, vegetation planted on green roofs in regions with a Nordic 
climate may have low survival rates since the industry is relatively immature, delivering similar solutions to those 
across the whole of Europe, which often are not adapted to local/regional conditions.

Results showed that on average 76% of the intended plant species were absent. This shows the demand for 
using better adapted species selections to improve survival and cover in demanding climates. Under the specific 
cold climate conditions of this study, originally intended vegetation is of great importance, but the majority of the 
species consists of colonizing unintended species. Therefore, when considering installing a green roof in a simi-
larly demanding region, it would help to know the main objective (e.g. promotion of urban biodiversity, aesthetic 
appeal, or stormwater management) from the start.
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2019

The data for this study were collected in 2018. In 2019, data analyses were conducted, and a manuscript has 
been re-submitted to the Journal of Urban Ecology after revision. 

The main person responsible for this study is PhD student Joel Lönnqvist, under the supervision of Associate 
Professor Godecke Blecken and Professor Maria Viklander, and in collaboration with, for example, PhD Chris 
Szota and PhD Claire Farrel, Melbourne University. 

Cost-benefit analysis

Investments and measures in stormwater management usually have relatively long life-times and are thereby sen-
sitive to future uncertainties (e.g. climate change, changed regulations, changed public expectations). Given the 
multidisciplinary, integrated character of stormwater management using blue/green infrastructure, an integrated 
assessment is challenging. 

In this research, an economic decision model, namely cost-benefit analysis (CBA), is used to evaluate and prior-
itize different blue/green infrastructure systems with the aim to aid the decision-making process regarding storm-
water management. Available tools for valuing the multiple benefits of blue/green infrastructure include TEEB 
and B£sT (developed in the Netherlands and the UK, respectively). Since published results cannot readily be 
translated to Swedish cases, in 2019 we refined the preliminary CBA performed in 2018. This enables evaluation 
of the multiple benefits of blue/green infrastructure in comparison with traditional infrastructure approaches for 
Swedish cases. The results show that public health and amenity are the most significant benefits from blue/green 
infrastructure, besides the technical benefits of flood protection or water quality treatment, which underlines the 
need for integrated stormwater management to achieve multi-functional benefits. 

2019

The preliminary CBA performed in 2018 by research assistant Frieder Hamann, LTU, together with Godecke 
Blecken, Richard Ashley, and Maria Viklander, all of LTU, was refined in 2019. A manuscript was submitted in 
April 2019 and re-submitted after revision in November 2019.

The blue/green/white infrastructure concept

Qualitatively or quantitatively evaluating the multiple socio-economic benefits delivered by blue/green infrastruc-
ture is a relatively new field, but – given the importance of delivering multiple benefits in dense cities – it is des-
tined to grow in importance. To date, no studies have evaluated these socio-economic benefits for Swedish 
conditions. Sweden’s cool/cold climate poses specific challenges and opportunities for blue/green infrastructure; 
for example, the fact that blue/green infrastructure during large parts of the year is white (snow) instead of blue-
green. The occurrence of a “white” season impacts the ecosystem services delivered and the public’s perception 
of blue/green infrastructure; it also offers opportunities for its design, which could be a motive to re-conceptualize 
blue/green infrastructure as blue/green/white infrastructure. This concept is completely novel, and yet to be ex-
plored and documented in depth, from technical, environmental, or socio-economic perspectives; it thus offers 
an exciting opportunity for Sweden to lead the field in this multi-disciplinary research area. 

2019

In 2019, we started to develop a blue/green/white infrastructure concept aiming to make urban services and 
amenities functional across the whole year in Sweden’s cool/cold climate. Important aspects are the multifunc-
tional character that blue/green/white infrastructure can have across seasons – e.g. it could be that blue/green 
infrastructure, which manages stormwater in summer, could become ski tracks in the winter. 

This concept will be further refined and presented in the International Conference on Urban Drainage in Mel-
bourne, Australia, in September 2020 and submitted as review/discussion paper for journal publication. This 
work is performed by Visiting Professor Lian Lundy, Associate Professor Godecke Blecken, and Professor Maria 
Viklander (all LTU).
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Multi-criteria analyses of street scale blue/green infrastructure

Stormwater blue/green infrastructure can be a core component in delivering sustainable cities. Besides evaluat-
ing its technical/environmental potential, a wider perspective is needed to evaluate blue/green infrastructure in a 
holistic way. 

Fig. 31 Example of blue/green infrastructure, City of Stockholm

Within this DRIZZLE theme, we will undertake an integrated sustainability assessment of selected blue/green 
infrastructure facilities using a three-step approach:

(i) Collaborative identification of and approaches to benchmarking sustainability criteria. Identifying indicators to 
define sustainability of blue/green infrastructure is challenging, as it requires finding a methodological approach 
to combine qualitative and quantitative indicators in one assessment. In 2019, we started to choose and weight 
indicators in collaboration with a stakeholder reference group based on environmental, economic, societal, and 
technical objectives. The next steps are (ii) evaluation of the environmental impact of blue/green infrastructure fa-
cilities using a LCA, and (iii) an integrated sustainability assessment of selected blue/green infrastructure facilities 
using the non-compensatory MCA method, ELECTRE III. The results will give guidance for integrated decision 
making regarding the sustainability of different types of stormwater blue/green infrastructure. 

This work is performed by industry PhD student Pär Örn Sagrelius (Tyréns and LTU), together with Godecke 
Blecken, Annelie Hedström, Richard Ashley, and Maria Viklander (all LTU), and Lars Marklund (Tyréns). 
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3. Communications plan
A communications plan has been developed (in Swedish) and approved by the board. In the communications 
plan, the purpose and goal of internal and external communications has been decided. Below is a summary in 
English.

3.1 Purpose and goal of internal communications
Within DRIZZLE, excellent, needs-driven research is conducted that will create knowledge to support the de-
velopment of research-based, adapted, sustainable stormwater management solutions. DRIZZLE’s vision is to 
develop pioneering, research-based stormwater management knowledge and solutions, to minimize pollution 
loads on receiving waters, to minimize the risk for flooding in urban areas, and to capture the opportunities that 
stormwater runoff can offer. To be able to do this, good internal communications between the partners is needed, 
for example to create common agreement on how the goals will be accomplished, and so that all partners get 
the information needed to fulfil their obligations. Good internal communications also contribute to participation, 
motivation, and engagement among partners – a prerequisite for successful collaboration and results.

3.2 What to communicate and how
The main principle for general internal communications is that we communicate relevant information to each 
other when it happens, but avoid unnecessary spamming. 

Each partner organization has appointed their own contact person, who is responsible for sending information 
to those it concerns within their own organization. Some organizations have different contact people, depending 
on the nature of the information (economy, minutes from board meetings, etc). 

Communication within and among research themes

The overarching responsibility for communication within and among research themes lies with the theme leaders. 
To facilitate communications, the management team (centre leader, centre coordinator, and theme leaders) meet 
at least once a month in so-called “pulse meetings”. 

Communication with industry/municipal PhD students

Industry/municipal PhD students should have access to the same information as the PhD students employed 
by LTU. Communication with industry/municipal PhD students therefore includes both LTU supervisor(s) and the 
external supervisor. 

Intranet

All internal information, directed at all parties and participants, is uploaded on DRIZZLE’s Intranet at ProjectPlace 
(www.projectplace.se). A link to the Intranet is accessible from DRIZZLE’s official homepage (www.ltu.se/drizzle). 
The Intranet contains: the application as a whole; the centre agreement (contract), including enclosures; the 
regulations of the centre board operations; regulations for the centre board’s recommendation on allocation of 
additional SME funding from Vinnova; regulations for requirements on potential new partners; the communica-
tions plan; minutes from board meetings; reports to Vinnova; and contact info for partners, etc. Since everyone 
with login info can upload files on the Intranet, it is easy to share working papers with others. There is also the 
opportunity to create workspaces that are accessible to a restricted number of people. 

Annual meeting (Partsstämma)

Besides the above described communication, an annual meeting (Partsstämma) is held with all partners. In 2018, 
the annual meeting was held in Luleå. In 2019, it was held at Tyréns office in central Stockholm.
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3.3 Purpose and goal of external communications
The overarching goal for DRIZZLE’s external communications is to fulfil Vinnova’s evaluation criteria, and thereby 
contribute to DRIZZLE’s continuation and development after this first project period. 

3.4 Target groups
External communications should be directed to the international research community, participating organizations, 
other municipalities and companies, authorities, and students. 

3.5 What to communicate and how
External communications should show that the parties in DRIZZLE collaborate to produce excellent, needs-driv-
en research, which significantly contributes to sustainable development in the stormwater area. 

Scientific publication

The basis for DRIZZLE’s operations is to produce excellent research of real value to DRIZZLE’s partners and so-
ciety, in line with DRIZZLE’s vision. In other words, scientific publication is a critical success factor for DRIZZLE. 
Scientific publication will take place both in scientific journals of high quality, and through presentation of results 
at scientific conferences. 

Participation in international and national conferences is important, especially to uphold and build relationships 
within the international research society, and thereby continue to be an attractive cooperation partner that, for 
example, is invited to new research collaborations, that attracts visiting researchers to DRIZZLE, and for knowl-
edge exchange. 

Website

DRIZZLE has a website www.ltu.se/drizzle, both in English and Swedish, which is regularly updated. On the 
website, contact info for the projects, links to all partners, general information about the projects, links to scientific 
publications, and news are presented. 

DRIZZLE in the media

DRIZZLE should strive for visibility both in news media and specialized trade press. Press releases are submitted 
when something particularly exciting and interesting has taken place within a project. 

Newsletter

Dag&Näts’ (Stormwater&Sewers) newsletter, which is produced by the Urban Water Engineering group at LTU, 
has around 1,000 e-mail subscribers all over Sweden. News about DRIZZLE is presented in this newsletter (and 
on DRIZZLE’s website). DRIZZLE-specific news is provided with DRIZZLE’s profile picture, for easy recognition. 
A summary of scientific publications will be presented in the newsletter. Additionally, available research positions 
have been announced in the newsletter. All partners are expected to contribute news to the newsletter; however, 
coordination responsibility lies with the centre coordinator. 

Presentation material

DRIZZLE’s profile picture (see the front page of this document) should be used as far as possible in external com-
munications, to increase recognition. The profile picture cannot be published without the LTU logo. 

Presentation material, both in English and Swedish, has been produced, and consists of .ppt pictures, posters/
roll-ups, DRIZZLE’s profile picture, and folder. The material is accessible for all partners through DRIZZLE’s In-
traweb. 

University courses

Results from DRIZZLE (knowledge and methods) will continuously be incorporated in several of LTU’s courses, 
such as courses in three different civil engineering programmes. The objective is to further increase the attrac-
tiveness of the education, and to increase students’ competence in the stormwater area. Representatives from 
the participating organizations will be invited as visiting lecturers, and, when possible, as external supervisors for 
master thesis work. 
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4. Development and  
changes of constellation
There were no major changes in the constellation during 2019. The changes can be summarized as the employ-
ment of industrial/municipal PhD students, change of theme leader for the Stormwater quantity theme, and the 
exchange of a few contact persons in the participating organizations due to changing employment, workload, 
or retirement. 

5. Goal completion

5.1 Goal accomplishment, including publications
As DRIZZLE is a new competence centre, the main goal for the first year of its operations has been to establish 
a well-functioning research organization. Hence, several cooperative activities (workshops, etc.) have been ar-
ranged with the partners during the year, according to plan. The main focus of these activities has been to create 
a common understanding among partners, i.e. expectation management, establish ground rules for collabora-
tion, and to capture research opportunities (see a description of some of the activities in section 2.1). 

Employment of some of the industrial/municipal PhD students has taken longer than planned, mainly since the 
university does not own this process itself. For instance, one industrial PhD student position was dependent on 
co-financing, and that application was not approved until the beginning of 2019. Also, the employment of LTU 
PhD students and researchers has taken longer than planned. The main reason is that it was agreed that industri-
al/municipal PhD students should be employed first, so that those companies and municipalities got first choice 
on research topics within DRIZZLE’s research themes. However, it has also taken longer than expected for re-
searchers and PhD students from, for example, China and India, to get resident permits, which has also delayed 
the employment process. Parental leave has not affected the operations significantly, but still to some extent. 

Articles in journals
Below are the publications where DRIZZLE has financed the whole or parts of the research costs. These publica-
tions represent around 60% of all publications published by the Urban Water research group at Luleå University 
of Technology. 

2019

Broekhuizen, I., Muthanna, T. M., Leonhardt, G., & Viklander, M. (2019). Urban drainage models for green areas: 
Structural differences and their effects on simulated runoff. Journal of Hydrology X, 5. 

Gavric, S., Larm, T., Österlund, H., Marsalek, J., Wahlsten, A., & Viklander, M. (2019). Measurement and con-
ceptual modelling of retention of metals (Cu, Pb, Zn) in soils of three grass swales. Journal of Hydrology, 574, 
1053–1061. 

Gavric, S., Leonhardt, G., Marsalek, J., & Viklander, M. (2019). Processes improving urban stormwater quality 
in grass swales and filter strips: A review of research findings. Science of the Total Environment, 669, 431–447. 

Müller, A., Österlund, H., Nordqvist, K., Marsalek, J., & Viklander, M. (2019). Building surface materials as sources 
of micropollutants in building runoff: A pilot study. Science of the Total Environment, 680, 190–197. 

Nyström, F., Nordqvist, K., Herrmann, I., Hedström, A., & Viklander, M. (2019). Treatment of road runoff by coag-
ulation/flocculation and sedimentation. Water Science and Technology, 79(3), 518–525. 
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Søberg, L., Viklander, M., Blecken, G.-T., & Hedström, A. (2019a). Reduction of Escherichia coli, Enterococcus 
faecalis and Pseudomonas aeruginosa in stormwater bioretention: Effect of drying, temperature and submerged 
zone. Journal of Hydrology X, 3. 

Søberg, L., Winston, R., Viklander, M., & Blecken, G.-T. (2019b). Dissolved metal adsorption capacities and frac-
tionation in filter materials for use in stormwater bioretention facilities. Water Research X, 4. 

Vijayan, A., Österlund, H., Marsalek, J., & Viklander, M. (2019). Laboratory Melting of Late-Winter Urban Snow 
Samples: The Magnitude and Dynamics of Releases of Heavy Metals and PAHs. Water, Air and Soil Pollution, 
230(8). 

2018

Larsson, I.A.S, Lundström, T.S. & Lycksam, H (2018) “Tomographic PIV of flow through ordered thin porous 
media”, Experiments in Fluids, Vol. 59, Nr. 6, Article id 96.

McCarthy, D. T., Zhang, K., Westerlund, C., Viklander, M., Bertrand-Krajewski, J.-L., Fletcher, T. D., & Deletic, A. 
(2018). Assessment of sampling strategies for estimation of site mean concentrations of stormwater pollutants. 
Water Research, 129, 297–304. 

Moghadas, S., Leonhardt, G., Marsalek, J., & Viklander, M. (2018). Modeling Urban Runoff from Rain-on-Snow 
Events with the U.S. EPA SWMM Model for Current and Future Climate Scenarios. Journal of Cold Regions 
Engineering, 32(1). 

Rujner, H., Leonhardt, G., Marsalek, J., Perttu, A.-M., & Viklander, M. (2018). The effects of initial soil moisture 
conditions on swale flow hydrographs. Hydrological Processes, 32(5), 644–654. 

Rujner, H., Leonhardt, G., Marsalek, J., & Viklander, M. (2018). High-resolution modelling of the grass swale re-
sponse to runoff inflows with Mike SHE. Journal of Hydrology, 562, 411–422. 

Publications in review
Broekhuizen, I., Leonhardt, G., Marsalek, J., & Viklander, M. ‟Calibration event selection for green urban drainage 
modelling.” 

Hamann, F., Blecken, G., Ashley, R. & Viklander M. “Valuing multiple benefits of blue-green infrastructure – com-
parison of the tools B£ST and TEEB applied to a Swedish case.” 

Lange, K., Österlund, H., Viklander, M. & Blecken, G. “Metal speciation in stormwater bioretention: removal of 
particulate, colloidal and truly dissolved metals.”

Lundström, S., Åkerstedt, H., Larsson, S., Marsalek, J. & Viklander, M. ‟Theoretical concepts and modelling of 
dynamic storage of stormwater in sponge-like porous bodies.”

Nyström, F., Nordqvist, K., Herrmann, I., Hedström A., & Viklander, M. “Laboratory scale evaluation of coagulants 
for treatment of stormwater.” 

Nyström, F., Nordqvist, K., Herrmann, I., Hedström A., & Viklander, M. ‟Removal of metals and hydrocarbons 
from stormwater using coagulation

and flocculation.” 

Søberg, L., Viklander, M. & Blecken, G. ‟Nitrogen removal in stormwater bioretention facilities: effect of drying, 
temperature and submerged zone.” 
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Publications planned to be submitted in 2020
Blecken, G., Leonhardt, G., Lundy, L., Rizzo, A., Hidman, E. & Viklander M. ‟Blue-green-white infrastructures in 
Nordic climates.”

Broekhuizen, I., Rujner, H., Roldin, M, Leonhardt, G. & Viklander, M. ‟Soil water content observations for model-
ling urban stormwater swales.”

Broekhuizen, I., Leonhardt, G. & Viklander, M. “Accounting for timing differences between observed and simulat-
ed hydrographs in urban drainage modelling.” 

Broekhuizen, I., Leonhardt, G. Bertrand-Krajewski, J-L. & Viklander, M. 
“Effects of parametric uncertainty on predicted long-term hydrologic performance of green roofs.” 

Flanagan, K., Blecken, G., Österlund, H., Nordqvist, K. & Viklander, M. ‟Comparison of methods for evaluating 
the environmental risk associated with metals in stormwater pond sediment.”

Flanagan, K., Blecken, G., Österlund, H., Nordqvist, K. & Viklander, M. ‟Emerging and legacy organic micropol-
lutants in stormwater pond sediment.”

Furén, R., Flanagan, K., Winston, R., Blecken, G. & Viklander, M. “Pathways of emerging organic pollutants in 
bioretention.”

Furén, R., Österlund, H., Blecken, G., Winston, R. & Viklander, M. “Metal fractionation in bioretention filter mate-
rial for storm water treatment”

Goldstein, A., Al-Rubaei, A., Blecken, G., Viklander, M. & Hunt, W. ‟Survey of the operational status of biofilter 
practices in Sweden.” 

Lange, K., Viklander, M. & Blecken, G. ”Metal treatment in stormwater bioretention systems – The effect of plant 
species selection.” 

Lange, K., Magnusson, K., Viklander, M. & Blecken, G. “Microplastics treatment in stormwater bioretention sys-
tems.”

Lindfors, S., Österlund, H., Meyn, T., Muthanna, T., Lundy, L. & Viklander, M. “Characterisation of Dissolved Metal 
Fractions in Urban Runoff using Passive Sampling and Asymmetrical Flow Field-Flow Fractionation.” 

Lönnqvist, J., Hanslin, H-M, Gisvald Johannessen, B., Muthanna, T., Blecken, G. & Viklander, M. “Local climate 
effects on the success of the intended extensive green roof vegetation in Scandinavia.”

Nyström, F., Nordqvist, K., Herrmann, I., Hedström A., & Viklander, M. ‟Electrocoagulation of stormwater.” 

Nyström, F., Nordqvist, K., Herrmann, I., Hedström A., & Viklander, M. “Effects of stormwater sludge conditioning 
in polymer assisted hydraulic dredging.” 

Passeport, E., Hathaway, J., Blecken, G. & Sedlak, D. “Vegetated stormwater infiltration systems for water treat-
ment.”

Sagrelius, P., Blecken, G., Marklund, L. & Viklander, M. “Sustainability assessment of bioretention systems in 
Sweden.”

Schrieke, D., Lönnqvist, J., Blecken, G. & Farrell C. “Spontaneous green roofs: All good things are wild and free.”

Søberg, L., Al-Rubaei, A., Viklander, M. & Blecken, G. ‟Phosphorus and TSS removal by stormwater bioretention: 
effects of temperature, salt and a submerged zone and their interactions.”

Wu, J., Larm, T., Wahlsten, A., Marsalek, J. & Viklander, M. “Uncertainty inherent to a conceptual model StormTac 
Web simulating urban runoff quantity, quality and control.”
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Conference papers

2019

Blecken G.T. (2019). “Blue-green infrastructure in urban drainage – do we get it right in grey-white climates?” 
WETPOL – 8th International Symposium on Wetland Pollutant Dynamics and Control. Aarhus, Denmark. 

Broekhuizen, I., Leonhardt, G., Marsalek, J., & Viklander, M. (2019). Selection of Calibration Events for Modelling 
Green Urban Drainage. In New Trends in Urban Drainage Modelling: UDM 2018 (pp. 608–613). Cham. 

Broekhuizen, I., Rujner, H., Roldin, M., Leonhardt, G., & Viklander, M. (2019). Towards using soil water content 
observations for calibration of distributed urban drainage models. Presented at the NOVATECH 2019. 

Gavric, S., Larm, T., Österlund, H., Marsalek, J., Wahlsten, A., & Viklander, M. (2019). Measurement and Plan-
ning–Level Modelling of Retention of Trace Metals (Cu, Pb, Zn) in Soils of Three Urban Drainage Grass Swales. 
In New Trends in Urban Drainage Modelling: UDM 2018 (pp. 85–90). Cham. 

Goldstein A., Al-Rubaei, A.M., Blecken, GT., Viklander, M., Hunt WF. (2019). Survey of the Operational Status of 
Twenty Biofilter Practices in Sweden. Novatech 2019, Lyon, France

Lange, K., Blecken, G.-T., & Viklander, M. (2019). Advanced size fractionation to estimate the impact of biore-
tention systems on metal speciation - preliminary results. Presented at the Novatech 2019, 10th International 
Conference, Lyon France. 

Lindfors, S., Österlund, H., Meyn, T., Muthanna, T. M., Lundy, L., & Viklander, M. (2019). Characterisation of Dis-
solved Metal Fractions in Urban Runoff. Presented at the International conference: Cities, Rain & Risk. 

Lindfors, S., Österlund, H., Lundy, L., & Viklander, M. (2019). Evaluation of Truly Dissolved and Bioavailable Metal 
Concentrations in Snowmelt and Rainfall Runoff. In Novatech 2019 Proceedings. 

Lönnqvist, J., Hjelm, J., Blecken, GT., Viklander M. (2019). Impacts of monoculture and mixed vegetation on 
green roof hydrological function. Novatech 2019, Lyon, France

Milovanovic, I., Bareš, V., Hedström, A., Herrmann, I., Piscek, T., Marsalek, J., & Viklander, M. (2019). Enhancing 
stormwater sediment settling at detention pond inlets by a Bottom Grid Structure. Presented at the Sewer Pro-
cesses and Networks - SPN9. 

Vijayan, A., Österlund, H., Magnusson, K., Marsalek, J., & Viklander, M. (2019). Microplastics pathways in the 
urban environment: Urban roadside snowbanks. Presented at the Novatech 2019 10th International Conference. 

Österlund, H., Renberg, L., Nordqvist, K., & Viklander, M. (2019). Micro litter in the urban environment: sampling 
and analysis of undisturbed snow. Presented at the Novatech 2019 10th International Conference. 

2018 

Galfi, H., Österlund, H., Marsalek, J., & Viklander, M. (2018). Estimation of Faecal Indicator Bacteria in Storm-
water by Multiple Regression Modelling and Microbial Partitioning to Solids. In New Trends in Urban Drainage 
Modelling: UDM 2018 / [ed] Giorgio Mannina, Cham: Springer, 2019, s. 830-835 (pp. 830–835). 

Lange, K., Blecken, G.-T., & Viklander, M. (2018). Biofilter metal removal - improvement due to plant species 
selection? Presented at the IWA Specialist Conference on Wetland Systems for Water Pollution Control, 30 Sep-
tember-4 October 2018, Valencia, Spain. 



34

Licentiate theses
Broekhuizen, I. (2019). “Uncertainties in rainfall-runoff modelling of green urban drainage systems: measure-
ments, data selection and model structure.” ISBN: 978-91-7790-355-0 (electronic)

Müller, A. (2019). “Urban Surfaces as Sources of Stormwater Pollution: An Evaluation of Substances Released 
from Building Envelopes.” ISBN: 978-91-7790-443-4 (electronic)

Nyström, F. (2019). “Coagulation process characteristics and pollutant removal from urban runoff.” ISBN: 978-
91-7790-323-9 (electronic)

PhD theses 
Søberg, L. (2019). “Bioretention for stormwater quality treatment: Effects of design features and ambient condi-
tions.” ISBN: 978-91-7790-363-5 (electronic)

5.2 Progress management
So called “Pulse Meetings” are held at least once a month, with participation from the management team (cen-
tre leader, centre coordinator, and theme leaders) to, for example, keep track of progress of ongoing research 
projects. 

The research group utilizes three different whiteboards in the common meeting room, to visualize publication 
progress. One whiteboard shows the whole research process to produce an article for an ongoing project. The 
other two boards show submitted publications, and accepted publications, respectively. 

 

Fig. 32 Whiteboard describing/displaying the research process to produce an article

Monday meetings are held every week with the whole research group to, for example, keep track of field studies, 
and to make sure that weather-related opportunities (rain/snowmelt) are captured. 

All PhD students regularly have to present their research progress in several ways. That is, PhD students present 
during lunch seminars (everyone brings their own food to the meeting room – people travelling participate via 
distance-spanning technology – and have lunch while the PhD student presents). This facilitates participation 
from the whole research group. Additionally, progression seminars are held yearly (a two-day event), where PhD 
students present their ongoing and planned research in more detail, and discuss it with the rest of the research 
group. Moreover, twice a year, in addition to regular supervisor meetings, the Individual Study Plan is reviewed 
and updated, including planned activities. A progression matrix is used for these meetings, with a large number 
of indicators related to knowledge and understanding of research, competence and skills with regards to re-
search, and judgement and approach (ethical considerations, etc.). The progression review serves as the basis 
for awarding course and thesis credits.
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6. Experiences and lessons learned
The main lesson learned is that recruitment of PhD students and researchers takes an extremely long time, es-
pecially when so many are to be employed at the same time. When recruiting industry/municipal PhD students, 
the recruitment process is not owned by the university, which makes it even more challenging. Another challenge 
is the time it takes for residents outside of the EU to get a work permit from the Swedish Migration Authorities. 

The annual meetings (Partsstämma), including workshops and research presentations, have been really appre-
ciated by all partners, as they have given a good picture of everything that is going on within DRIZZLE, i.e. the 
partners get a broader picture than just the parts of DRIZZLE that they are involved in. 
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