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1. Executive summary 
DRIZZLE’s vision is to develop pioneering, research-based stormwater manage-
ment 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. 

The operations during 2020 were affected by the ongoing covid-pandemic. Yet, 
several measures, e.g. of collaborative nature, were taken by the DRIZZLE team to 
minimize the effects of the covid-19 related challenges. However, the number of 
publications during the year have been affected, e.g. as most research conferences 
were postponed due to covid-19, and as travel restrictions have impacted on the 
possibility to conduct field studies.  

Even so, a number of papers have been published in highly ranked peer-review 
academic journals. One of the papers was awarded ‘Editor’s Choice’. Moreover, 
when the largest international conference in the stormwater area, i.e. ICUD (Inter-
national Conference on Urban Drainage), was cancelled due to the impacts of 
covid-19, the ICUD2020 management team chose twelve conference contributions 
from young researchers to present at webinars. One of the selected presentations 
was a presentation by a DRIZZLE PhD student. 

During the year, the research staff was strengthened with four new PhD students, 
and two new Post Docs. Also in this case the pandemic was a challenge, as the 
employment of this staff in several cases was delayed severely due to covid-19 re-
lated restrictions.  

One SMF project received funding during the year, from Vinnova’s designated re-
search funding for SME partners in the competence centre.  
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2. DRIZZLE – Centre for Stormwater Management 

2.1 DRIZZLE’s vision 
DRIZZLE’s vision is to develop pioneering, research-based stormwater manage-
ment 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. 

2.2 Collaborative research environment 
In the same way as in DRIZZLE’s previous years of operation, also in 2020 a great 
deal of effort was put into the strengthening of DRIZZLE’s collaborative research 
environment. The ground rules for collaboration, such as regulatory documents, 
were already in place, as all partners have agreed on those in DRIZZLE’s previous 
years of operations. However, the work continued on building a common under-
standing among partners on the centre’s visions and goals; the building of the re-
search staff organization; as well as outward activities and strategic networking. 
Yet, as the major part of the year was characterized by covid-19 restrictions, several 
changes were made in the activities related to this work compared to previous years.  

A common understanding among partners 
During 2020, the work to deeply involve more people in the partner organizations 
in DRIZZLE’s research projects continued. As earlier indicated, due to covid-19 
related restrictions, the plan for those collaborative activities had to be changed. 
That is, instead of physical meetings, online meetings were held with several part-
ner organizations, to e.g., discuss potential common research projects; how to 
spread the results of the research projects and other information to more people 
within each partner organization; and how to create other kinds of win-win situation 
based on the joint research work within DRIZZLE.  

DRIZZLE’s annual meeting (Partsstämma) is another important event for building 
the team spirit in the consortia. Previously, the annual meeting has been held at one 
of the partner organizations, but in August 2020 the annual meeting was held digi-
tally. In the same way as in previous years, PhD students and senior researchers 
presented their ongoing research, so that also partners and/or people not directly 
involved in those research projects got information on what is going on, and could 
contribute with their knowledge.  
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Fig. 1 Pictures from DRIZZLE’s Digital Annual Meeting (Partsstämma), August 2020 

To keep up the team spirit in the research group, despite most people not being able 
to physically meet due to covid-19 since mid-March, digital coffee breaks were held 
twice each workday.    

The research staff   
During the year, the recruitment of research staff continued, i.e. four new DRIZZLE 
PhD students and two Post Doc started their positions in 2020. However, due to 
covid-19 related issues, some of the Post Doc and PhD students could not start their 
position at the intended point in time. E.g., one of the Post Docs was supposed to 
start her DRIZZLE position in March 2020, but due to covid-19 restrictions, she 
could not get access to the necessary travel document from the Swedish authorities, 
and therefore could not start working for DRIZZLE until November 2020. Also one 
PhD student got stuck abroad for several months for the same reason, i.e. his start 
was delayed by several months.  

Some of the PhD students have been on parental leave, parts of or the whole year. 
That includes two of the municipal/industrial PhD students, i.e. those financed by 
City of Stockholm and Tyréns.  

Outward activities and strategic networking  
Several news articles promoting DRIZZLE related research information and results 
were published in the 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 water professionals), as well as on DRIZZLE’s webpage 
(www.ltu.se/drizzle) and on Twitter (#DRIZZLE @_DagNat). A summary of sci-
entific publications, and announcement of available research positions, was also 
included in the newsletter.  

http://www.ltu.se/drizzle
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Most research conferences, such as ICUD2020 (International Conference on Urban 
Drainage) and World Water Congress & Exhibition 2020, were cancelled due to 
impact from covid-19.  

Yet, other conferences were realized as digital events. For instance, DRIZZLE re-
searchers have presented research results at a research conference organized by the 
Swedish Water and Wastewater Association, with a lot of practitioners in the audi-
ence.  

Moreover, PhD Lena Goldkuhl is the leader of one of Water Europe’s working 
groups, whereas visiting professor Lian Lundy is the co-leader of another working 
group. Visiting professor Lian Lundy is also the co-chair of the NORMAN (Net-
work of research centres for monitoring of emerging environmental substances) 
Working Group on Risk Assessment and Policy Support. During 2020, they orga-
nized several digital working group meetings, with a large number of participants 
from all over Europe.  

Members of the research group have also been invited as experts on several occa-
sions, and have participated when judged strategically important for DRIZZLE. For 
instance, Professor Maria Viklander and PhD Lena Goldkuhl have participated as 
experts in the development of JPI Water’s Strategic Research and Innovation 
Agenda. 
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2.3 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. Laboratory specialist 
Kerstin Nordqvist supervises all laboratory analyses conducted by the PhD stu-
dents. Peter Rosander, research engineer, assists the PhD students during field stud-
ies.  

The Environmental lab and Field equipment 
The environmental lab and associated experimental outdoor facilities provide the 
basis for the analysis work and experiments in laboratory and pilot scales. The en-
vironmental laboratory and experimental hall are also used for laboratory work in 
the urban water courses given to students in the Environment and Water civil engi-
neering program.  

 

  
Fig. 2 Pictures taken in the environmental laboratory, LTU 

2020 

In 2020, the laboratory equipment was expanded to include multi-probes for con-
tinuous water monitoring. Each multi-probe contains three sensors, i.e. turbidity 
sensor, dissolved oxygen sensor, and conductivity sensor. These multi-probes have 
been in stalled at the inlet of the Stormwater treatment facility in Sundsvall (see 
Fig. 10, p. 15 for a picture of the stormwater treatment facility). The multi-probes 
were installed with the intention to be able to continuously measure the perfor-
mance of the treatment facility, i.e. to capture seasonal variations, and to be able to 
capture information between the events researchers at LTU are able to sample. The 
maintenance needs of the multi-probes will also be monitored.  
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The Labbomobil 
For studies in field, the research group uses a specially equipped vehicle called 
“Labbomobil”. The cargo compartment is equipped with work surfaces to perform 
laboratory work directly in field, such as filtering of samples, filling of sample bot-
tles, and execution of simpler analyses, e.g. pH, conductivity, TSS and turbidity.  

 

   
Fig. 3 Pictures of the “Labbomobil” during field studies, exterior and interior 

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 infiltra-
tion capacity in soil.  

2020 

In 2020, the area of use expanded for the Labbomobil. A centrifuge, see Fig. 4 was 
added to the equipment, to be able to, in field, measure truly dissolved metals in 
different kinds of stormwater. Jack-screws were applied to each corner of the Lab-
bomobil, to stabilise and level the vehicle when running the centrifuge. The centri-
fuge was an important addition as such studies are time sensitive, and therefore 
otherwise would not have been possible to perform at e.g. the Sundsvall site (due 
to covid-19 related flight restrictions, and that utilisation of a local lab was not pos-
sible due to covid-19 restrictions).  

In fact, the Labbomobil has been extra useful in 2020, as several field studies oth-
erwise would not have been possible to pursue due to Corona related travel re-
strictions. 
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Fig. 4 Centrifuge for ultrafiltration 

The John Field laboratory 
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 in field. The lab is, for 
example, equipped with a Tomographic Particle Image Velocimetry (Tomo-PIV) 
system, in which fully three-dimensional flow fields can be captured, and in-sta-
tionary effect in the flow can be disclosed in intricate geometries. Indexed matching 
is used to study flow in porous media. Conventional PIV or Laser Doppler Veloci-
metry may be applied in field, and innovations using such techniques may lead to 
unique equipment for in-situ measurements of urban water flows. A 3D x-ray mi-
crotomography allows for 3D imaging of a variety of materials, such as ore, min-
eral, metal, wood, snow and granular materials with sub-micron resolution. 

Climate Chambers 
DRIZZLE also utilises climate chambers in order to enable studies on pollutant 
release from aged building materials. In addition to faster aging of materials, the 
climate chambers offer aging of materials in a controlled environment, compared 
to aging of materials in an uncontrolled outdoors environment. Hence, replicability 
is possible also with new, added material that was not part of the original study. In 
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2020, the climate chambers were mainly used to facilitate accelerated aging of 
paints and plastic materials, see project descriptions below.    

 
Fig. 5. The Climate Chambers at LTU  
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2.4 Research projects 
Within DRIZZLE, excellent needs-driven research is conducted that will create 
knowledge to support the development of research-based, adapted, sustainable 
stormwater management solutions. The research activities are divided into three 
different themes, based on the needs expressed by DRIZZLE’s stakeholders, 
namely: 

1) Research theme: Stormwater quality 
2) Research theme: Stormwater quantity 
3) Research theme: Integrated stormwater solutions 

The research projects conducted within these themes directly contribute to many of 
the UN Sustainable Development Goals (SDG), e.g., SDGs 6 Clean Water; 9 Inno-
vation and Infrastructure; 11 Sustainable Cities; 13 Climate action; 14 Life below 
water; 15 Life on Land; 3 Good health and well-being; 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. Fig. 6 below illus-
trates these SDGs and the related more detailed targets of each goal. 

 
 Fig. 6: The SDGs and selected sub-targets related to DRIZZLE’s research 
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2.4.1 Stormwater quality 
Urban areas contain numerous sources of pollutants contributing to diffuse pollu-
tion. During dry weather, pollutants and particles build up on surfaces in the urban 
environment. During wet weather and snowmelt these pollutants are washed off and 
leached, e.g. 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 re-
lease of previously trapped sediment and associated 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 about the content of the water to be 
treated is needed. 

Heléne Österlund, associate senior 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, microplastics can also be found in stormwater. In fact, storm-
water is believed to be a major transportation route for microplastics from the cities 
and roads to the surrounding environment. Within DRIZZLE, stormwater from dif-
ferent 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. 

 

 
Fig. 7 Car tyres can release microplastics 
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Kalpana Gopinath, Post Doc at LTU (joined the research group in March 2020), 
Katharina Lange, PhD student at LTU and Lisa Öborn, municipal PhD student (fi-
nanced by City of Stockholm) have been working in this sub-topic. This was done 
together with supervisors Heléne Österlund, Maria Viklander and Godecke 
Blecken, LTU, senior research engineer Kerstin Nordqvist, LTU, mentor (for Lisa) 
Jenny Pirard, City of Stockholm, as well as other representatives from City of 
Stockholm and Stockholm Vatten och Avfall.  

2020 

During spring 2020, a lab study was carried out, investigating degradation of plastic 
litter to microplastics under UV radiation. The experimental set-up were made to 
mimic solar radiation in the outdoor environment corresponding to between ¼ year 
to 2 year exposure. Four types of plastics, commonly found in the urban environ-
ment, were selected: (1) Grocery plastic bag made of low-density polyethylene (PE-
LD); (2) Chocolate bar wrapping made of polypropylene (PP); (3) coffee mug lid 
made of polystyrene (PS) and (4) water bottle made of polyetenterphtalate (PET). 
Preliminary results indicate degradation in the order PP > PS > PET > PE-LD. The 
PE-LD plastic bag was not significantly affected at all by the UV radiation. A man-
uscript about the study is now under preparation. 

 
Fig. 8 Preparation of plastic litter for microplastics lab study  

Sediment samples from stormwater ponds, that were collected in 2019 in collabo-
ration with Stockholm Vatten och Avfall (SVOA), were prepared and sent for anal-
ysis of microplastics content. During the autumn 2020 stormwater samples were 
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collected at three sites in Luleå. Three catchments with different land use charac-
teristics were selected – one parking lot, one road, and one roof – and runoff from 
all three sites were collected in parallel. The samples were prepared/ pre-treated 
before submission to an external lab. Analyses will be carried out during 2021. 

 
Fig. 9 Sampling of stormwater pond sediment 

Sampling and analysis of a stormwater treatment facility in Sundsvall (in connec-
tion to the E4 road bridge with high traffic loads (Fig. 10)) has continued during 
2020. The aim was to evaluate the treatment efficiency with respect to microplastics 
and tire wear.  

 
Fig. 10 Stormwater treatment facility, Sundsvall 
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The treatment facility has a treatment train consisting of a sediment chamber, an oil 
separator and biofilters. Two treatment steps of the facility were evaluated. Prelim-
inary results indicate that the pre-sedimentation chamber had no significant effect 
on the reduction of microplastics but that an average reduction rate of up to 88% of 
microplastic particles larger than 100 µm in size were seen in the biofilter (Fig. 11). 
A manuscript about the study is now under preparation and further studies of the 
size fraction smaller than 100 µm will be conducted during 2021. 

 
Fig. 11 Preliminary results of treatment efficiency of 3 categories of microplastics in the size range >100 µm.  

Sources and characterization of stormwater pollutants  
The building wash-off and its quality have been addressed during the past 30 years, 
but mostly with respect to heavy metals in roof drainage. In this project, a general 
suite of chemical substances and their wash-off and transport will be addressed, 
including for example metals and trace organics identified as priority pollutants, 
and pollutants of emerging concern. 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. 

In order to understand how stormwater pollutants will spread in the environment, 
and in order to support the development of adapted stormwater treatment solutions, 
knowledge on metals’ size fractionation is important. LTU is conducting field stud-
ies on sites with different land use characteristics, such as a car park, industrial 
parks. The stormwater from these sites are analysed with respect to the size frac-
tionation of trace metals. 
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Fig. 12 Various building materials, outdoor pilot scale experiments, at Campus LTU 

Alexandra Müller, PhD student, LTU is conducting research on sources to pollu-
tants in stormwater, supervised by Professor Maria Viklander, Associate Senior 
Lecturer Heléne Österlund and Adjunct Professor Jiri Marsalek. The work is con-
ducted in collaboration with City of Stockholm. Sarah Lindfors, PhD student, LTU, 
is conducting studies on metal size distribution under the supervision of Professor 
Maria Viklander, Visiting Professor Lian Lundy, Associate Senior Lecturer Heléne 
Österlund, and Senior Research Engineer Kerstin Nordqvist, all from LTU, and in 
cooperation with representatives in the research cluster Stormwater&Sewers. Since 
December 2020 Post Doc Mehwish Taneez has joined the group. She will be stud-
ying processes during the transportation of stormwater and sources of the pollu-
tants. 

2020 

Data previously obtained from stormwater and snowmelt sampling during 2016-
2018, evaluated during 2019 were published in 2020 (Lindfors et al. 2020, Metal 
size distribution in rainfall and snowmelt-induced runoff from three urban catch-
ments, in Science of the Total Environment).  

The data illustrates that a significant fraction of e.g. copper and zinc were found in 
the so-called “truly” dissolved fraction, in this study estimated from size fractions 
smaller than 3 nm (on average 26% and 28% of copper and zinc, respectively). This 
fraction will presumably have higher mobility and toxicity than larger size fractions 
and treatment techniques need to be carefully selected in order to remove also this 
smallest size fraction.  

Further studies were conducted during 2020. The truly dissolved fraction of a num-
ber of metals (copper, nickel and zinc) were compared to modelled bioavailable 
concentrations determined by the Bio-Met tool.  The tool is applied to estimate the 
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potential risk to the aquatic environment posed by copper, nickel, zinc and lead after 
considering bioavailability. The study showed that predicted bioavailable concen-
trations (by Bio-Met) were significantly lower than truly dissolved concentrations 
for all three metals. Furthermore, the data suggested that the predicted bioavailable 
fraction of the metals in stormwater originated from the colloidal as well as the truly 
dissolved fractions. This was, to our knowledge, the first time the Bio-Met model 
was applied on stormwater. A manuscript was prepared and submitted to Journal of 
Environmental Management.  
During autumn 2020, the planning of a sampling campaign commenced with the 
aim to evaluate traffic related pollutants and a lab study investigating the effects of 
pipe materials on the stormwater chemistry and quality changes in during transpor-
tation in the sewers to receiving waters. 

 
Fig. 13 PhD student Sarah Lindfors during stormwater sampling  

Sources and distribution of pollutants in urban snow 
Urban snow and meltwater is a pathway for pollutants to surface waters and may 
contribute to the deterioration of the surface water quality. The major sources to the 
pollutants in urban snow are traffic, atmospheric deposition, road salt, anti-skid ma-
terials and littering.  Every winter, hundreds of thousands of tons of snow need to 
be removed from cities in cold climates, in order to maintain good mobility and 
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traffic safety. The removed snow is dumped directly in water bodies or land based 
snow-dumping sites where it is left to melt. Commonly, studies of urban snow focus 
on pollutants such as trace metals, chlorides, PAHs, oil and grease, particle content 
and nutrients. There is a need to better understand the influence of applications of 
management interventions in the form of source controls and pre-treatment of dis-
posed snowmelt water, and the release pattern of pollutants during snowmelt in or-
der to support site specific snow handling management. There is also a need to 
expand the number of pollutants groups. E.g. research within DRIZZLE has shown 
the presence of many other organic substances in stormwater sediment (c.f. “Envi-
ronmental risk of stormwater pond sediments” below) which to some extent prob-
ably have been transported by snowmelt. 

The studies on urban snow is conducted by Arya Vijayan, PhD student, in collabo-
ration with external partners, and under the supervision of Professor Maria Vi-
klander, Adjunct Professor Jiri Marsalek and Associate Senior Lecturer Heléne 
Österlund, all of LTU. 
 

 
Fig. 14 PhD Student Arya Vijayan during snow sampling with titanium drill 

 

2020 

During the year, a study focusing on how to take samples from urban snow was 
published by Vijayan et al. in Water Air and Soil Pollution. The results showed that 
a systematic approach, taking samples in a grid pattern from top to bottom of snow 
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piles gave the most accurate results compared to single cores or composite samples. 
Furthermore, PhD student Arya Vijayan defended her licentiate thesis “Quality of 
snow deposited in urban areas: Storage, load assessment and release of selected 
pollutants with snowmelt”. The planning of a field study for winter 2020/2021 was 
also conducted, with the aim to investigate changes in urban snow quality over the 
three passed decades.  

Improved treatment efficiency of stormwater ponds  
Stormwater solids are generally recognised as one of the most important water qual-
ity 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 com-
mon method of treating solids in stormwater runoff are stormwater ponds and this 
is how it has been for decades. Some of these ponds were poorly designed from the 
beginning and others have through the years with increasing urbanisation under-
dimensioned capacity. Furthermore, the sediment, retained in a well-functioning 
stormwater pond, will at some point need to be properly removed and result in han-
dling of potentially harmful substances. 

Bottom-grid structure for enhanced sediment settling 

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 reduc-
ing resuspension of already settled sediment, was proposed – bottom-grid sedimen-
tation structure. The device would act as a sediment trap placed immediately down-
stream of the inlet to a stormwater pond, or other sedimentation facilities.  

In collaboration with the Czech Technical University in Prague, Czech Republic, 
impact of different geometries of the bottom-grid structure on sedimentation effi-
ciency 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.  

2020 

Data acquired from the experiments in Prague during 2018 and presented at the 
International Conference on Sewer Processes and Networks (SPN9) in 2019 was 
published in 2020 in Water Science and Technology by Milovanovic et al. The 
study showed that the tested bottom grid structure increased the sediment trapping 
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efficiency in the range from 13 to 55 %, depending on the shape of the cells. In 
general, larger cells tested were more effective to trap sediments than the smaller 
cells. Yet, the cell depth had small influence on sediment trapping. The cells with 
inclined cross-walls proved more effective in sediment trapping than the vertical 
cross-walls. However, a bottom grid structure with such cells would be more diffi-
cult to maintain.  

 
Fig. 15 Experimental run of the bottom-grid sedimentation structure, at the Hydraulic Laboratory 
at the Czech Technical University in Prague, Czechia 

The studies on the bottom-grid sedimentation structure is conducted by Ivan Mi-
lovanović, PhD student, in collaboration with researchers at the Czech Technical 
University in Prague, Czechia, and under the supervision of Annelie Hedström, As-
sociate professor and Inga Herrmann, Associate senior lecturer, and in collaboration 
with Jiri Marsalek, Adjunct professor and Maria Viklander, professor, all of LTU. 

Evaluation of sediment removal from stormwater ponds 

One of DRIZZLE’s partners, Järven Ecotech, has developed an innovative method 
to remove sediments from stormwater ponds. Sediments are hoovered from the bot-
tom of the pond, and thereafter assembled in a large fabric container. Coagula-
tion/flocculation chemicals are added in order to separate the smaller sediment par-
ticles from the water, and thereafter the clear water is released back to the pond. 

In this project, the quality of the treated water are evaluated, and considerations  are 
made whether further treatment of the water is needed, before returning it back to 
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the pond. Fredrik Nyström, PhD student, LTU is conducting these studies, under 
supervision of Annelie Hedström, Inga Herrmann, senior research engineer Kerstin 
Nordqvist, all of LTU, and in collaboration with Emil Eriksson and co-workers at 
Järven Ecotech.  

 
Fig. 16 Järven Ecotech’s sediment removal fabric container, Photo: Järven Ecotech  

2020 

A sampling and experimental plan was done during 2020. Sediment was collected 
from a stormwater pond in Stockholm in collaboration with Järven Ecotech. The 
sediment was brought to Luleå and LTU, where pre-tests and experimental runs 
were carried out following the experimental plan. Dewatering and pollutant release 
with reject water, normally returned to the pond, were studied under various condi-
tions and additions of chemical coagulants. Assessment of the results started and 
the work continues during 2021.   

Environmental risk of stormwater pond sediments 
Stormwater ponds regulate stormwater flows and improve water quality through 
sedimentation processes while also contributing to the urban landscape and provid-
ing habitat for various species. Maintenance of these facilities involves removing 
and disposing of sediments that accumulate in the pond over time. This sediment is 
likely to be contaminated by a wide range of pollutants 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.  

2020 

In autumn 2019, LTU sampled sediments from 17 stormwater management facili-
ties in four cities across Sweden, as previously reported. To characterize thoroughly 
the environmental risk posed by these sediments, each sample was analyzed for 
metals according to various methods (total and dissolved concentrations, passive 
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samples, sequential extraction), screened for 259 organic pollutants and evaluated 
for toxicity. During 2020 the first paper on this study was written and submitted to 
Environmental Science and Technology. The results showed that overall 92 of the 
259 organic substances were detected in the samples.  

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

Since there are no guidelines available for these type of sediments, comparisons 
were made to Swedish guidelines for soils for sensitive land use and Norwegian 
environmental quality standards for sediments. Hydrocarbons (aromatic and ali-
phatic), PAHs and PCBs were the three most prevalent groups substances exceed-
ing the Swedish guidelines while for the Norwegian quality standards, exceedances 
of PAHs, alkyl phenols and PCBs were most common closely followed by organ-
otin compounds and phthalates. 

Results from these studies will improve knowledge of the contamination of storm-
water ponds and provide insights into the best methods and indicators for evaluating 
environmental risk, ultimately helping to minimize the environmental and eco-
nomic costs associated with the disposal of these sediments.  
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Kelsey Flanagan, Associate Senior Lecturer, is conducting the above studies with 
Godecke Blecken, Heléne Österlund, and Maria Viklander, all from LTU, and in 
collaboration with e.g., Stockholm Vatten & Avfall and City of Stockholm, assist-
ing with selection of the ponds, giving access to the ponds and assisting in field 
work.   

Characterization of sediment quality from an in-lake floating baffle  
The in-lake floating baffle1 in Östersund was built for treatment of stormwater. It 
can provide benefits for urbanized areas with limited space for installing normal 
stormwater treatment facilities. However, the performance and maintenance of such 
a facility, e.g., pollutant removal efficiency and sediment disposal still need to be 
well understood. Since 2019, DRIZZLE researchers, in collaboration with Öster-
sund municipality, have been focusing on the research on investigating the quality 
of the sediments from this treatment facility. In 2019, sediment sampling was car-
ried in May 2019 and October, 2019.  

 
Fig. 18 Researcher Jiechen Wu at the in-lake floating baffle, Östersund 

2020 

During 2020, the work continued to analyze the quality of the sediments in the in-
lake floating baffle.  In October 2020, core samples of the sediments were collected 

                                                 
1 In Swedish, Skärmdamm 
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from 21 sampling points. The sediment quality in different depths (up to 40 centi-
meter) was investigated.  

As in previous sampling occasions, all the collected sediments were analyzed for 
total solids (TS), loss on ignition (LOI), phosphorus, heavy metals, PAHs and par-
ticle size distribution. Research objectives include to comprehend time variations 
and spatial pattern of the sediment quality, to analyze variations of pollutant con-
centrations with sediment depths, and as well as to discuss environmental risk as-
sessment and implications for sediment disposal and management.  

A technical report based on this work was started. It aims at summarizing all the 
findings from all the sampling campaigns, to identify research directions and to 
communicate with stakeholders. This would bring benefits for both scientific re-
search and end users, including municipalities and companies, in term of better us-
ing and maintaining such stormwater treatment facilities. Similar sampling work 
will be carried out regularly over an extended period of time to evaluate the facility's 
function.  

This work was performed in close collaboration by Researcher Jiechen Wu, Profes-
sor Maria Viklander and Professor Annelie Hedström (all LTU), and representa-
tives from Dag&Nät (Stormwater&Sewers).  

Stormwater pollutant removal in grassed swales  
The grass-covered surfaces of green infrastructure facilities, such as grass swales 
and filter strips, are not only functional to convey runoff but also play an important 
role in removal of pollutants from stormwater runoff. 

 
Fig. 19 PhD Student Snežana Gavrić sampling soil in a grass swale 

Infiltration of stormwater into the underlying soil is an important process for pollu-
tant removal in grass filter strips and swales. Consequently, pollutants are trapped 
and accumulated in the soil of such facilities. In addition, maintenance needs and 



 

   

 

26 (68) 

Lena Goldkuhl, 0920-492893   2021-03-31 

gold@ltu.se  Dnr: 2016-05176  Projektnr: [Proj.nr.] 

 

 

 

 

reconstruction of swales raise the question of how to handle the potentially contam-
inated soil. 

Pollutant behaviour in grassed swales 

During 2020, further data analyses were carried out on the three grass swales sam-
pled in 2018 and reported in scientific journals in 2019. This study focused on soil 
chemistry and pollutant behaviour in the swale soil due to stormwater runoff as well 
as storage of ploughed snow from the adjacent road. Parameters such as pH, elec-
trical conductivity, chloride concentration, organic content and the soil infiltration 
capacity were reported. It was concluded that the oldest swale, located at the most 
trafficked road (compared to the other two samples ones) also was the most pol-
luted. Mean concentration of lead was 70 mg/kg compared to <10 mg/kg in the 
other swales. Barium concentrations, on the other hand, showed comparable con-
centrations in all three swales (650-700 mg/kg) and  90% of barium was detected 
in the most immobile form indicating its mineral origin. The manuscript was sent 
to Science of the Total Environment and accepted for publication.  

In December, Snežana Gavrić defended her licentiate thesis “Enhancement of 
stormwater quality in grass swales: Removal and immobilisation of metals”. 

Main responsible for the above study is Snežana Gavrić, PhD student, LTU, under 
the supervision of Researcher Günther Leonhardt, Professor Maria Viklander, Ad-
junct Professor Jiri Marsalek and Associate Senior Lecturer Heléne Österlund, and 
in collaboration with Luleå Municipality. 

 

Swale design for enhanced treatment of stormwater 

In previous years, DRIZZLE researchers have measured water content in a swale 
with several sensors. In 2020, a critical review and synthesis of the swale perfor-
mance data and guidelines (focused on hydraulic performance) has been conducted, 
to inform development of swale design guidelines, to enhance their role as treatment 
systems.   

PhD candidate Hendrik Rujner conducted this work under the supervision of Re-
searcher Günther Leonhardt, Adjunct Professor Jiri Marsalek, and Professor Maria 
Viklander (all of LTU), and in collaboration with Dag&Nät (Stormwater&Sewers). 
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Fig. 20 Hendrik Rujner, PhD Candidate, LTU, conducting instrumentation of a swale 

Bioretention facilities for stormwater treatment 
Stormwater bioretention is a core green infrastructure technique mainly targeting 
water quality treatment. Further, they can also contribute to peak flow retention and 
urban amenity. 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.  

The use of bioretention facilities is increasingly popular today. When LTU as the 
first actor in Sweden started to investigate bioretention functionality in 2005, no 
Swedish stakeholder intended to implement such facilities. This has changed – bi-
oretention is mainstream and daily experience and contacts with municipalities and 
consultants shows that a large number of projects are ongoing. One reason for this 
success is the research conducted at LTU which (inter alia) has focused on adapta-
tion of bioretention to Nordic conditions.  

 

 
Fig. 21 Cross-section of a stormwater bioretention 



 

   

 

28 (68) 

Lena Goldkuhl, 0920-492893   2021-03-31 

gold@ltu.se  Dnr: 2016-05176  Projektnr: [Proj.nr.] 

 

 

 

 

However, bioretention is still a new, innovative technology. Especially in Sweden, 
but also world-wide, experience regarding their functionality concerning several 
pollutants, treatment process understanding, and long-term function are lacking. 
The below described projects target these challenges and bring together several as-
pects with varying focus. They cover investigation of: Treatment processes in filter 
material and vegetation; Overall treatment performance of filters with different de-
signs; and Long-term function and maintenance implications.  

 
Treatment function of stormwater bioretention with different designs adapted to 
Scandinavian conditions 

In Malmö, Stockholm, Sundsvall and Växjö, the respective municipalities and/or 
the Swedish Road Administration (Trafikverket) have constructed bioretention fa-
cilities in collaboration with LTU-researchers. The facilities have different designs 
which are based on research outcomes from LTU and current Swedish practice. 
These facilities are being evaluated within DRIZZLE.  

   
Fig. 22 Biofilter facilities in Malmö and Stockholm 

The designs combine different factors, e.g., vegetation (mixed vegetation, metal-
hyperaccumulator plants, no vegetation); filter designs (e.g. with/without water 
submerged zone); filter materials (commercially available materials, materials 
based on international recommendations/research); and filter material amendments 
(biochar, limestone, pumice). The research connected to these facilities targets eval-
uating these designs and thus to enable more targeted design for future bioretention 
in Sweden.  
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This field work is completed by pilot scale laboratory experiments which have been 
conducted at LTU. Here, focus was on evaluating the impact of vegetation selection 
and specific plant traits on the treatment function.  

2020 

During 2020, the facilities in Malmö, Växjö and Stockholm have been instru-
mented. Originally, sampling was planned to start during 2020 but had to be post-
poned due to travel restrictions during the covid-pandemic. Thus, currently, we plan 
to sample in 2021. Measures have been set in place to have local personnel con-
ducting the sampling to be less affected by travel restrictions. 

In Sundsvall, sampling has been ongoing in 2020. First, sampling has focused on 
microplastics (see above) and in autumn 2020 sampling concerning organic pollu-
tants, nutrients and metals have been conducted. Data analyses have started and are 
to be finalized in 2021.  

The results of the laboratory experiment have been published in a scientific paper 
(Lange, et al., 2020) “Effects of plant species and traits on metal treatment and 
phytoextraction in stormwater bioretention”.  

PhD students Katharina Lange and Ali Beryani, both LTU, and industry PhD stu-
dent Robert Furén (NCC and LTU) are main responsible for these studies. Professor 
Maria Viklander, Associate Professor Godecke Blecken, and Associate Senior Lec-
turers Kelsey Flanagan and Heléne Österlund are involved in different parts of the 
study.  

Intra-event variation of contaminant removal in stormwater bioretention  

Using sampling at the field site in Sundsvall and the laboratory trials at LTU, we 
investigate water quality treatment processes and intra-event variations in the bio-
filter. This is done by analysing several (up to 18) samples per rain event and by 
including different fractions of single contaminants. Analyses have included or-
ganic contaminants and particulate, colloidal as well as truly dissolved metals.  

2020 

In 2020, the new PhD student Ali Beryani started his work within this project. In 
autumn 2020 he begun sampling in Sundsvall focusing on organic pollutants which 
has rarely been studied previously. Sampling for analysis of organic pollutants will 
continue in 2021. Sampling focusing on metals has been finalized. Data anlaysis 
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and paper preparation is ongoing. A paper has been published based on the labora-
tory experiment data (Lange, et al., 2020) “Metal speciation in stormwater biore-
tention: Removal of particulate, colloidal and truly dissolved metals”. 

  
Fig. 23 Laboratory experiment at LTU and biofilter in Sundsvall 

PhD students Katharina Lange and Ali Beryani are main responsible for these stud-
ies. Professor Maria Viklander, Associate Professor Godecke Blecken, and Associ-
ate Senior Lecturers Kelsey Flanagan and Heléne Österlund are involved in differ-
ent parts of the study, as well as representatives from Dag&Nät (Stormwater&Sew-
ers).  

Long-term function, pollutant pathways and implications for maintenance 

At one point of time, a bioretention facilities’ treatment capacity will be exhausted 
and the filter media has to 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 to large extent. Hence, in this project we 
will analyse to which extent different pollutants are present in the filter material, in 
which chemical forms they are found and the pollutants spatial distribution in the 
filter.  

Therefore, industrial PhD student Robert Furén (NCC and LTU) performed a com-
prehensive field sampling campaign on filter media from older bioretention facili-
ties in late 2019. It resulted in 268 samples from 29 different facilities which were 
between 7 to 16 years old and located in different urban catchment areas. Each of 
these filter material samples has been analyzed for >50 contaminants (including 
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heavy metals, nutrients, numerous organic pollutants, e.g. PCB, PFAS, alkyl phe-
nols, PAHs). 

 
Fig. 24 Robert Furén, industrial PhD student sampling a bioretention facility, Downtown Colum-
bus, Ohio, USA 

2020 

In 2020, data analyses were ongoing focusing on the spatial distribution of organic 
contaminants in the filter material. Preliminary data (Fig. 25) shows that the major-
ity of these pollutants are trapped in the top layer of the filter. This has implications 
for maintenance since it indicates that it is sufficient to exchange only the top layer 
of the filter with several years interval instead of having to replace the whole filter. 
These results are similar to earlier observations on heavy metals. Thus, they enable 
a more holistic picture of maintenance requirements.  

 
Fig. 25: Concentration of PAHs in different depth of the filter material at different locations (i.e. 
distances from the stormwater inlet). 
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Preliminary results were submitted to NordIWA2021 – the Nordic Wastewater 
Conference. A journal paper is close to be finalised. In the next step data on nutri-
ents and metal characterization in the filter material will be examined.  

Robert Furén, industrial PhD student at NCC and LTU, is main responsible for this 
study. The field study was done in collaboration with Ohio State University, Co-
lumbus, USA (Associate Professor Ryan Winston). At LTU, Professor Maria Vi-
klander, Associate Professor Godecke Blecken, and Associate Senior Lecturers 
Kelsey Flanagan and Heléne Österlund are involved in different parts of the study.  

Area efficient stormwater treatment techniques 
Stormwater treatment is conventionally based on sedimentation processes to re-
move particulate matter in order to improve the water quality. However, recent re-
search has shown that 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. 

Clinoptilolite filter for treatment of copper roof runoff 

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

 
Fig. 26 Field work at the Swedish Nationalmuseum, Stockholm 
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The Swedish Nationalmuseum, Stockholm, has a copper roof, and the local envi-
ronmental 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 su-
pervision of Annelie Hedström, Inga Herrmann, and senior research engineer 
Kerstin Nordqvist, all from LTU. The National Property Board Sweden (Statens 
Fastighetsverk) is also involved in the project, providing support during the sam-
pling occasions. City of Stockholm is also a partner in the project.  

 
2020 

The sampling activities that started in 2018 were finalized during 2020. In total, the 
filter system was monitored over a period of 16 months. The results were assessed 
and submitted to a journals for review and publication. Over all, results showed that 
the filter reduced total and dissolved copper by 52 – 82% and 48 – 85% respectively. 
Although the average observed treatment efficiency was quite high, a decline in 
filter efficiency was noticed, indicating potential saturation of the filter medium. 
Moreover, the copper concentrations in the outlet were still relatively high, 350–
600 μg/l. 

 
Coagulation and flocculation treatment of polluted stormwater 

Coagulation/flocculation is a treatment process that is ubiquitous in domestic and 
industrial 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 appli-
cation as a treatment component 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 
efficiency of the most common pollutants in stormwater were determined.  

2020 

During 2020, Nyström et al. published two papers from previously conducted stud-
ies on chemical coagulation and flocculation. In summary, it was concluded that 
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chemical coagulation and flocculation works very well for treatment of polluted 
stormwater. Particulate bound pollutants were in general reduced by more than 
90%. In addition, the retention of small particles (<30 µm) was significantly im-
proved compared to sedimentation alone (without chemicals) and to some degree 
also dissolved metal concentrations were reduced but depending on which chemical 
was added. 

 
Fig. 27 Experimental set-up in lab scale for electrocoagulation of stormwater. 

Moreover, an experimental setup was made in the lab at LTU for the evaluation of 
electrocoagulation as a treatment technique for polluted stormwater (Fig. 27). 
Stormwater from a trafficked road as well as melted urban snow was collected and 
the treatment efficiency with iron as well as aluminum electrodes were tested. The 
results will be assessed and presented in future papers. 

Main responsible for these studies was Fredrik Nyström PhD student, in consulta-
tion with his supervisors Annelie Hedström, associate professor, Inga Herrmann, 
associate senior lecturer and Maria Viklander, professor, all of LTU. 

Membrane filtration  

Urban stormwater is more and more seen as a resource that can be reused or recy-
cled. However, various treatment techniques often need to be applied in order to 
remove pollutants that are present in the stormwater. Techniques and applications 
need to be chosen based on which the pollutants are that need to be reduced. Mem-
brane based processes, already commonly applied on industrial, drinking and 
wastewater, is a candidate for treatment of stormwater.  
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Fig. 28 PhD Student Saida Kaykhaii in the lab  

The research on membrane based technology are here focused on selection of mem-
branes suitable for stormwater applications and their operation and maintenance 
needs in order to obtain required reduction rates of certain pollutants.  

2020 

During 2020 an experimental plan was developed to support laboratory tests. The 
experimental set-up with a bench top membrane filtration system and sensors for 
e.g. measurements of the pressure on the filter was built and pre-tests with snowmelt 
from urban snow were conducted.  

The main responsible for this project is the PhD student Saida Kaykhaii who started 
in March 2020. She is supervised by Associate Professor Annelie Hedström and 
Associate Senior Lecturer Inga Herrmann, and the laboratory work assisted by 
Kerstin Nordqvist, Senior Research Engineer. 

Bridge deck runoff  

Vinnova supports this project through its designated research funding for SME part-
ners 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. Predom-
inately, this is because many bridges are located in urban environments, with very 
limited space for treatment facilities.  
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Fig. 29 The Central Bridge, Stockholm, Photo: Järven Ecotech 

In this project, Järven Ecotech is testing compact solutions for 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 tech-
nologies will be tested. In 2018, laboratory and test equipment was set up. Small 
scale tests will be conducted on the collected stormwater runoff, to evaluate differ-
ent treatment methodologies, in order to identify the most promising. Thereafter, 
pilot equipment will be manufactured, installed, and evaluated from several per-
spectives. This project is led by Emil Eriksson of Järven Ecotech and his co-work-
ers, and is conducted in close collaboration with Stockholm Vatten och Avfall and 
researchers at LTU.  

2020 

The main part of the project has been carried out. However, due to covid-19-related 
restrictions, the project could not be finalized in 2020. Järven Ecotech has applied 
to Vinnova for prolongation of the project.  

Continuous monitoring of stormwater quality to improve modeling  
Stormwater quality modeling is an essential tool in order to understand the effects 
of runoff pollution on natural water bodies and identify the best strategies for miti-
gating this pollution. However, today’s models, which generally attempt to repro-
duce pollutant concentrations as a function of catchment characteristics and rainfall 
intensity, do not sufficiently capture variability between sites or pollution dynam-
ics.  

Improving the understanding of stormwater pollution dynamics requires water 
quality characterization at the same time-scale as hydrological dynamics, both 
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within and between rain events, which can generally not be achieved through sam-
pling campaigns, which are temporally sparse due to their time-consuming and 
costly nature. The data required to improve stormwater quality modeling can only 
be obtained through long-term continuous water quality monitoring, a technique 
which is still rarely applied in the field of urban stormwater due to a variety of 
technical challenges (the heterogeneity and complexity of the stormwater matrix, 
diffuse and intermittent flows).  

2020 

During this year, PhD student Nikita Razguliaev, who started in April 2020, has 
undertaken a review of the technical solutions existing for continuously monitoring 
water quality, their applicability to the particular case of stormwater and the use of 
such techniques in stormwater quality research. This review lays the foundation for 
experimental work, which will be undertaken in the years to come.  

The studies on continuous monitoring of urban stormwater are conducted by PhD 
student Nikita Razguliaev, under the supervision of Professor Maria Viklander, As-
sociate Visiting Professor Tone Muthanna and Associate Senior Lecturer Kelsey 
Flanagan, LTU. 

Model development for stormwater quality modeling 
Today, information of pollutant sources in urban upstream are being increasingly 
documented. However, there is a knowledge gap in how to make full use of the 
information into urban drainage models for simulating water quality. In the mean-
time, it is recognized that the approach of urban metabolism allows researchers to 
monitor the flow of substance throughout their entire life cycle within the urban 
system. This research focuses on integrating urban metabolism aspects into storm-
water quality modelling at catchment scale.  

2020  

During 2020, the work continued to analyze existing stormwater models including 
SWMM, MOUSE, MUSIC, WinSLAMM, STORM/SEWSYS, and StormTac 
Web. The work started by categorizing how pollutant origin and transport are quan-
tified in selected existing urban drainage models. Based on this, a framework for 
reviewing urban drainage from an urban metabolism perspective was developed.  
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Then, the potential development of urban drainage models through integrating ur-
ban metabolism aspects was illustrated, based on previous studies on urban catch-
ments in Sweden. Further, potential challenges and opportunities associated with 
further development of urban drainage model were investigated.  

This work brings new insights into the development of current stormwater quality 
modelling at catchment scale.  The “urban metabolism” concept is able to help with 
innovating urban stormwater quality modelling from systems perspectives and a 
holistic view. This is promising, in particular for fostering the thinking of decou-
pling pollutant flow modelling (water quality) with water flow modelling (water 
quantity). In addition, human activity related upstream information of pollutant 
sources can be better integrated into urban drainage modelling. This would benefit 
relevant stakeholders in terms of both environmental and water management in ur-
ban catchments.  

An extended abstract entitled “Integration with urban metabolism: A further step in 
modelling urban stormwater quality and managing upstream sources” was devel-
oped and submitted to 15th International Conference on Urban Drainage in March 
2020. During the year, an academic paper manuscript based on this work was also 
developed.   

This work was performed by Researcher Jiechen Wu, Professor Maria Viklander 
and Visiting Professor Tone Muthanna (all LTU). 
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2.4.2 Stormwater quantity 
In line with many parts of the world, Sweden is undergoing rapid climate change. 
Temperatures are predicted to increase by 3-5°C by 2080, leading to changes in 
precipitation, with more rainfall occurring in autumn, winter and spring seasons 
leading to increased runoff rates and volumes. In particular, the frequency of ex-
treme short-term rainfall events is predicted to increase, leading to increased winter 
floods. The largely impermeable nature of cities can result in the generation of large 
volumes of stormwater over short periods of time. Traditional piped systems are 
increasingly overwhelmed with stormwater flows, leading to flooding. With 85% 
of Sweden’s population living in urban areas, how we manage rainfall in urban 
areas has a huge impact on quality of life. 

Lian Lundy, visiting professor at LTU, is the research theme leader of the Storm-
water quantity theme. 

The sponge 
Our vision is to develop sub-surface or pop-up storage that can retain stormwater 
like a “sponge” as a local response to heavy rainfall events, relieving pressure on 
stormwater sewers, where permanent and/or space-demanding solutions are not an 
option. Fig. 30 gives an overview of the three designs of sponge-like porous bodies 
(SPBs) currently under assessment: a top down approach, a supported bottom-up 
approach and a free-standing bottom up approach.  

2020 

Research undertaken this year builds on the conceptual work of 2019, which fo-
cussed on transforming composite production methodologies into approaches for 
stormwater management. Further research has demonstrated that the use of absorb-
ing and/or porous media on several scales can be optimised in relation to storm 
event conditions, maximum storage capacities and inflow rates.  

Modelling using first principles demonstrate that the rate of inflow for down-flow 
and up-flow variants of SPBs is driven by absorption and/or capillary action into 
various porous material structures and is critically dependent on the type of struc-
ture and the porous material used. Analysis of data indicates that the rates of inflow 
and storage filling match – or exceed – the rates of rainwater inflow and volume 
accumulation associated with 60-min duration, 10-year return period events, 



 

   

 

40 (68) 

Lena Goldkuhl, 0920-492893   2021-03-31 

gold@ltu.se  Dnr: 2016-05176  Projektnr: [Proj.nr.] 

 

 

 

 

demonstrating that the SPB devices studied could capture relevant amounts of wa-
ter. Such findings confirmed the potential of dynamic SPB storage to control storm-
water runoff and serve as one of numerous elements contributing to restoration of 
pre-urban hydrology in urban catchments. This research was published in Water 
where it was awarded ‘Editor’s Choice’. Current research is focusing on the swell-
ing effect of the SPB material to compare how it affects predicted volumes of stored 
water.  

 
Fig. 30 Schematics of three sponge approaches under evaluation 

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

Modelling blue/green infrastructure performance 
The role of blue/green infrastructure (BGI) as a multiple-benefit approach to man-
aging stormwater flows close to source, as well as contributing to meeting a range 
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of regulatory requirements and policy priorities (e.g. UN SDGs, EU Water Frame-
work Directive, and national environmental objectives) is high on the international 
research agenda. To facilitate this shift from piped to BGI, a better understanding 
of its functionality is required to inform both BGI design and its use within urban 
planning.  

Urban drainage models were initially developed to support the assessment of water 
and pollution transportation processes within piped systems. New research is re-
quired to assess and optimise the ability of these models to represent the behaviour 
of stormwater within blue green infrastructure (BGI). A particular research focus 
(and a contrast to the use of piped systems), is the need to integrate surface and sub-
surface processes inherent within BGI, as well as the development and testing of 
mathematical models to ensure opportunities for stormwater storage in both com-
partments is fully exploited. 

Previous DRIZZLE research identified that predicted runoff volumes varied in re-
lation to model used, identifying that water content of the soil in blue/green ar-
eas/infrastructure was a decisive factor for the formation of surface runoff from 
rainfall and infiltration into the soil.  

Modelling blue-green infrastructure performance – integrating novel field data sets 

Research undertaken in 2020 explored the use of new data generated on soil water 
content (SWC) in an urban swale and the added value of including this parameter 
within more detail and how the inclusion data context can be integrated within ur-
ban rainfall-runoff modelling.  

Two approaches to including SWC data were developed and evaluated. Results in-
dicate that combining outflow and SWC in the likelihood function is necessary to 
obtain reliable and precise predictions for both variables, and that this increases the 
number of parameters that are identifiable from the data. Using SWC observations 
to set initial model conditions improves model performance and affects the degree 
to which soil hydraulic parameters are identifiable. Overall, it was concluded that 
SWC observations may be a valuable complement to outflow observations in the 
modelling of urban swales. This research was presented at Novatech 2019 and dur-
ing 2020 a more extensive manuscript has been submitted the journal Urban Water. 

This study was conducted by PhD student Ico Broekhuizen under the supervision 
of Researcher Günther Leonhardt, Adjunct Professor Jiri Marsalek, and Professor 
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Maria Viklander (all of LTU) and in collaboration with Dag&Nät (Storm-
water&Sewers). 

 
Fig. 31 Ico Broekhuizen, PhD student, undertaking field measurements to inform his research 
on the modelling of stormwater runoff 

Modelling blue-green infrastructure performance – reducing uncertainties in 
model calibration 

As with all models, urban drainage models require calibration. This process typi-
cally involves the selection of a limited number of observed rainfall-runoff events 
from a larger dataset. However, this selection process can itself be undertaken in a 
number of ways using single- or two-step strategies. Research undertaken in 2020 
explored the impact of using alternative approaches to selecting data for model cal-
ibration on the performance of the high- and low-resolution Storm Water Manage-
ment Model (SWMM).  

The two-stage strategies used events with runoff only from impervious areas to cal-
ibrate the associated parameters, prior to using larger events to calibrate the param-
eters relating to green areas. A total of 14 strategies were tested and whilst all re-
sulted in successful model calibration (defined as a Nash-Sutcliffe efficiency (NSE) 
> 0.5), the difference between the best and worst strategies reached 0.2 in the NSE, 
and the calibrated parameter values notably varied. The various calibration strate-
gies satisfactorily predicted 7 to 13 out of 19 validation events.  
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Fig. 32 Compared performance of single-stage (traditional) calibration vs. two-stage calibration, 
for both high-resolution and low-resolution models and using different criteria for selecting rain-
fall events. The two-stage calibration gives better performance for both aspects, especially for the 
low-resolution model. 

The two-stage strategies reproduced more validation events poorly (NSE < 0) than 
the single-stage strategies, but they also reproduced more events well (NSE > 0.5) 
and performed better than the single-stage strategies in terms of total runoff volume 
and peak flow rates, particularly when using a low spatial model resolution.  

The results show that various strategies for selecting calibration events may lead in 
some cases to different results in the validation phase, and that calibrating impervi-
ous and green-area parameters in two separate steps in two-stage strategies may 
increase the effectiveness of model calibration and validation by reducing the com-
putational demand in the calibration phase, and improving model performance in 
the validation phase. This research was published in Hydrology and Earth Systems 
Sciences.  
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PhD student Ico Broekhuizen performed the study under the supervision of Re-
searcher Günther Leonhardt, Adjunct Professor Jiri Marsalek, and Professor Maria 
Viklander (all of LTU) and in collaboration with Dag&Nät (Stormwater&Sewers). 

Modelling blue-green infrastructure performance – reducing uncertainties by ad-
dressing timing errors 

A factor that can be important in model calibration is the timing of the simulated 
hydrograph compared to that of the observed one. Traditional objective functions 
used in model calibration typically compare the simulated and observed values for 
the same point in time. If a model reproduces the observations quite well, but with 
a shift in time, it will receive a poor score from such an objective function.  

Fig. 33 Model predictions (black band) compared to observations for one example rainfall-runoff 
event. Objective functions that explicitly consider timing errors (H0.5 and H5) give equally relia-
ble, but more precise predictions than traditional objective functions such as Nash-Sutcliffe Effi-
ciency (NSE) or volume error (VE). 

In some cases the exact timing of the simulated hydrograph is not the most im-
portant aspect to consider, so a study was performed to investigate an alternative 
objective function that explicitly takes into account timing errors and that also al-
lows the modeller to specify how severely timing errors should be punished.  
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The study showed that, compared to traditional objective functions, the alternative 
approach resulted in model predictions that were just as reliable, but more precise. 
This improved precision of the model predictions is valuable since it can, for ex-
ample, mean that there is less uncertainty about expected peak flow rates or flow 
volumes which eases the design of drainage infrastructure. This study has been sub-
mitted to the journal Urban Water.  

PhD student Ico Broekhuizen conducted this study under the supervision of Re-
searcher Günther Leonhardt, Adjunct Professor Jiri Marsalek, and Professor Maria 
Viklander (all of LTU) and in collaboration with Dag&Nät (Stormwater&Sewers). 

 
Modelling the performance of green roofs 

The hydrological function of green roofs depends on construction parameters such 
as drainage layers, substrate properties and the vegetation. The local climate and 
especially the potential evapotranspiration also greatly affects performance. So far, 
it has not been known how well the hydrological function of green roofs is repre-
sented in urban drainage models.  

2020 

In 2020, an assessment was completed on the impact of four alternative urban drain-
age models (Urbis, SWMM, Hydrus and MIKE SHE) on predicting the perfor-
mance of green roofs through their application to an international green roof data 
set. An article has been submitted to Journal of Hydrology X.  

PhD student Ico Broekhuizen conducted this study under the supervision of Re-
searcher Günther Leonhardt, Adjunct Professor Jiri Marsalek, and Professor Maria 
Viklander (all of LTU) and in collaboration with Dag&Nät (Stormwater&Sewers) 
and INSA Lyon. 

 

Modelling blue-green infrastructure performance under a changing climate   

One outcome of the urban drainage modelling performance research projects de-
scribed above was recognition of the need to better understand the hydrological 
performance of a range of BGI components under both current and future Swedish 
climatic regimes. More specifically, the need to investigate the extent to which local 
climates (i.e. precipitation, temperature, and evapotranspiration patterns) influence 
the hydrologic performance of BGI within the various climatic regions experienced 
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within Sweden today as well as in relation to predicted future changes in patterns 
of rainfall frequency, duration and intensity. The emphasis of this research is to 
evaluate whether green infrastructure design criteria should vary between regions 
and, if so, provide recommendations to improve the hydrologic design of the facil-
ities in Sweden. 

 
Fig. 34 PhD student Ivan Mantilla research focuses on the performance of BGI under current 
and future climate conditions 

Initial research involves the assessment of BGI facilities using the low impact de-
velopment component of the SWMM model, with an emphasis on a green roof, 
biofilters cells, and detention ponds, to quantify the retention/detention capacity of 
GI for a unique design configuration. Using meteorological data from the SHMI-
stations network located in eleven of the main urban areas in Sweden (Stockholm, 
Eskilstuna, Örebro, Malmö, Gothenburg, Gävle, Österlund, Örnskoldsvik, Umeä, 
Luleå, and Kiruna), the hydrological performance of each type of facility will be 
assessed including a sensitivity analysis to identify the most influential design pa-
rameters.  

Ivan Mantilla, PhD student who started in June 2020, is undertaking the above re-
search studies, under the supervision of Post Doc Kelsey Flannigan, Professor Ma-
ria Viklander, and Associate Visiting Professor Tone Merete Muthanna (all of 
LTU).  
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Green roof water retention capacity  
Green roofs have the potential to restore a multitude of ecosystem services lost due 
to urbanisation and increased imperiousness, e.g. stormwater retention. The hydro-
logical function of green roofs depends on construction parameters such as drainage 
layers, substrate properties and the vegetation, but also ambient factors as the length 
of previous dry periods, as well as local climate and especially the potential evapo-
transpiration. Yet, estimating the contribution of the vegetation to hydraulic func-
tion is challenging, as it undergoes a continuous succession where abundance and 
species composition fluctuates.  

So far, the preferred choice for green roof vegetation has been succulent sedum 
species, since plant coverage, as well as survival during dry periods, and aesthetics 
have been prioritized. However, we hypothesise that choosing other plant species 
with more suitable traits than sedum could significantly improve green roofs ability 
to retain stormwater. To explore this further, this DRIZZLE research is focussed on 
characterising the performance of alternative types of green roof vegetation in de-
taining stormwater volumes. This research is conducted both in lab and pilot scale. 

The ability of different plant species to retain water 

During the spring and summer of 2020, controlled, in-doors greenhouse experi-
ments were conducted, to investigate the ability of different plant species’ ability to 
retain water.  

 
Fig. 35 Controlled indoors-experiment of various plant species’ ability to retain water  
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Nine different plant species were exposed to long light cycles, imitating summer 
conditions at high/low latitudes. Each plant specie was exposed to two different 
treatment cycles. In the first treatment, plants were exposed to drought, i.e. they 
only received 30% of their normal water needs. In the second treatment, the plants 
received 100% of their irrigation needs, and were irrigated every second day.  

The plants water use was monitored during the test that lasted for just over two 
weeks. When the test ended, all plants were harvested. Biomass and leaf properties 
were measured to be able to categorise them according to functional traits, and to 
evaluate how they responded to the irrigation/drought treatment. These qualities 
will thereafter be related to the species’ specific water use. Evaluation of the data 
will continue in 2021.  

Main responsible for this study was PhD Student Joel Lönnqvist, under the super-
vision of Associate Professor Godecke Blecken and Professor Maria Viklander, 
LTU, in collaboration with PhD Claire Farrell and PhD student Dean Schrieke at 
Melbourne University. 

Pilot scale evaluation of green roofs’ performance 

 
Fig. 36 Pilot scale green roofs, Campus LTU 

In 2018, pilot scale roofs, composed of different green roof plant mixtures, were 
built at LTU Campus, with the purpose of identifying plant species and plant traits 
that both are adapted to the Scandinavian climate, and that also can contribute to 
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the improved performance of green roofs’ retention capacity. The choice of plant 
species for the roofs was based on their specific survival strategy according to 
Grimes’ CSR model (competitive/stress/tolerate/ruderate plants). The runoff mon-
itoring from the pilot scale roofs that started in 2018, was ended in the autumn of 
2020.  

Preliminary results show that green roofs designed with succulent sedum species 
(often used for green roofs) under certain conditions release more stormwater run-
off than “green” roofs designed with a pure soil layer. Evaluation of the data will 
continue in 2021. 

Main responsible for this study was PhD Student Joel Lönnqvist, under the super-
vision of Associate Professor Godecke Blecken and Professor Maria Viklander, 
LTU, in collaboration with PhD Chris Szota, PhD Claire Farrel and PhD student 
Dean Schrieke at Melbourne University. 

Accounting for the contribution of stormwater in SARS-CoV-2 
wastewater monitoring  
Over the past year, the potential for wastewater monitoring to provide an early 
warning of new outbreaks/changes in prevalence of SARS-CoV-2 at a community 
level has been the focus of intense national and international research activities. As 
a new tool to support pandemic mitigation measures, it is essential to develop a full 
understanding of how factors – other than clinical case numbers – can impact on 
wastewater concentrations of the non-infectious viral fragments.  

In addition to LTU having the lead role in the development of international 
metadata sets on the occurrence of SARS-CoV-2 in wastewater2, DRIZZLE re-
searchers are exploring the use of a range of normalisation approaches to enable the 
impact of stormwater and snowmelt flows on SARS-CoV-2 wastewater concentra-
tions to be systematically assessed. At the end of 2020, the paper “Making Waves: 
Collaboration in the time of SARS-CoV-2 - rapid development of an international 
co-operation and wastewater surveillance database to support public health deci-
sion-making” was submitted to Water Research.  

This research is being undertaken by visiting professor Lian Lundy, Associate 
professor Annelie Hedström, and MSc student Frida Isaksson (all of LTU).   
                                                 
2 https://www.norman-network.com/nds/sars_cov_2/       

https://www.norman-network.com/nds/sars_cov_2/
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2.4.3 Integrated stormwater solutions 
Integrated management of stormwater with multi-functional blue/green infrastruc-
ture, which targets the environmental and technical aspects (water quality and quan-
tity/flooding), as well as socio-economic aspects is both a great opportunity, but 
also a great challenge. However, this integrated approach is crucial to utilise the 
opportunities which multi-functional blue/green infrastructure provides, thus help-
ing to achieve more sustainable cities and communities. This potential is underlined 
by the fact that integrated stormwater management, with blue/green infrastructure, 
can directly contribute to many of the UN Sustainable Development Goals (SDG), 
(see Fig. 6 (p. 12)) e.g., SDGs 6 Clean Water; 9 Innovation and Infrastructure; 11 
Sustainable Cities; 13 Climate action; 14 Life below water; 15 Life on Land; 3 
Good health and well-being; 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.  

Integrated research involving technical, environmental and socio-economic aspects 
is needed to develop knowledge on how to successfully implement integrated, mul-
tifunctional systems. Accordingly, further evaluation of blue/green infrastructures’ 
technical, environmental and social-economic potentials, but also limitations, is re-
quired to enable and ensure that it delivers optimally. Synergies between different 
aims must be identified and conflicts of interests must be explored and solved. This 
is the overarching aim of this research 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 e.g., Swedish cities are situated in subarctic climate. When it comes to pre-
cipitation in subarctic climate, a considerable 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 lots of contaminants from the cities that, with the melt-
water, can reach and pollute nearby waterbodies.  

This project investigates the possibility of creating multifunctional areas within 
subarctic cities that can function both as snow deposits during winter as well as 
stormwater treatment areas during warmer seasons.   
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2020 

During 2020, PhD student Emelie Hedlund Nilsson completed her first manuscript 
based on an analysis of historical precipitation and temperature data from the last 
30 years (that she started to collect in 2019) from 10 cities, i.e. 5 different cities in 
Sweden, 4 cities in Norway and Reykjavik on Iceland. The manuscript investigated 
effects of climate change on the co-incidence of snowmelt and extreme precipita-
tion events across northern Europe. The paper ”Design Criteria for Urban Snowmelt 
Facilities at Different Geographic Locations in Northern Europe” was submitted to 
the 15th ICUD 2020 (Melbourne, Australia) – a conference that was postponed due 
to covid-19. 

 
Fig. 37 PhD student Emelie Hedlund Nilsson performing field studies 

Further, the planning of the multifunctional pilot site started. A digital workshop on 
different aspects of snow management was arranged in May 2020, with participants 
from Norway and Sweden, from both the public and private sector. The pilot site 
location in Luleå was identified. Detailed planning is now underway, with the plans 
to have it ready for sampling next winter, 2021/2022.  
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Emelie Hedlund Nilsson, municipal PhD student (financed by Luleå kommun) is 
main responsible for this research under the supervision of Professor Maria Vi-
klander and Associate Visiting Professor Tone Merete Muthanna, both LTU, and 
Ulrika Larsson, Luleå municipality. 

Sensitivity analysis for uncertainty quantification 
Vinnova supports this project through its designated research funding for SME part-
ners in the competence centre. StormTac Corporation has developed a modelling 
tool, StormTac Web, which is used by a large number of consultants, municipali-
ties, construction companies, and universities, both in Sweden and abroad.  

 
Fig. 38 The StormTac Web interface 

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 deten-
tion 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 
deciding whether more investigations would be needed or not, to make sure that a 
planned investment would provide the desired effect, such as treatment capacity, or 
flood resistance. In the first phase of the project, StormTac Corporation is develop-
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ing a methodology to quantify uncertainties concerning, for example, runoff coef-
ficients, precipitation, size of watershed area, and pollution concentrations in storm-
water discharge.  

2020 

During 2020, the work continued to develop a more sophisticated methodology to 
quantify uncertainties for the StormTac Web model, that takes more data into ac-
count. Data from several studies have been included in the model. This has led to 
improved features for quantifying uncertainty in StormTac Web. This methodology 
can also be used in tools and low complexity conceptual models other than 
StormTac Web, thereby making it useful both in research and for consulting com-
panies, construction companies, municipalities and universities that use the meth-
odology or StormTac Web. Thereby, decision-makers get a better basis for deci-
sions when planning stormwater management.  

During the year, an academic paper manuscript, “Uncertainty inherent to a concep-
tual model StormTac Web simulating urban runoff quantity, quality and control”, 
was developed and submitted. In December 2020, the paper was resubmitted, after 
minor revisions, to Urban Water Journal.  

In the summer of 2020, the work started to develop a paper manuscript describing 
the development of a database and further improvement of the methodology for 
uncertainty quantifications. The database development refers to input of data for 
calculations of pollutants from stormwater, and calculation of treatment efficiencies 
in ponds and biofilters. To make this possible, an extensive literature search was 
conducted, as well as a massive processing of data in the database.  

As in previous years, this work was performed in close collaboration by PhD 
Thomas Larm and MSc Anna Wahlsten (both StormTac), Researcher Jiechen Wu, 
Adjunct Professor Jiri Marsalek, and Professor Maria Viklander (all of LTU).  
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Green roof biodiversity and aesthetics  
Both vegetation abundances and community compositions play important roles for 
the functions of green roofs. Examples are e.g. stormwater retention, but, given the 
multi-functional character of green roofs, also urban biodiversity, aesthetic appear-
ance, etc. However, green roof vegetation can change significantly over time, which 
consequently also may affect the functions related to them.  

Thus, within DRIZZLE, a study was performed aiming on evaluating the vegetation 
on green roofs in northern Sweden, in terms of presence/absence of plant species. 
This included evaluating to which extent the originally intended (i.e. delivered by 
the industry) species, as well as the colonising unintended species where present on 
the roofs and which percentage of the roof area they covered.  

Further, relationships between biotic factors (vegetation diversity, composition and 
abundance) and abiotic factors (e.g. roof age, substrate depth, slope) were explored. 

  
Fig. 39 Two different kinds of green roofs 

Due to the short growing seasons and long, cold winters in northern Scandinavia, 
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 over whole 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 for the vegetation cover, 
but the majority of the species consist of colonizing unintended species. Therefore, 
when considering installing a green roof in a similarly demanding region, it would 
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help to know the main objective (e.g., promotion of urban biodiversity, aesthetic 
appeal or stormwater management) from the start.  

 
Fig. 40 Results of the plant species survey in northern Sweden. The sum of the red and green 
sections are the number of plant species delivered by the industry; the majority of these were not 
found during the survey. This indicates that the delivered solutions are not adapted to the condi-
tions in northern Sweden. 

 

Vegetation cover and plant diversity on cold climate green roofs 

This study investigated vascular plant covers and species compositions on 41 roof 
sections located in Sweden’s subarctic and continental climate zones. It can be con-
cluded that, contrary to the hypothesis, the roofs’ vascular plant cover was not re-
lated to species richness but was significantly and negatively correlated with moss 
cover. The results highlight the importance of substrate depth for both plant abun-
dance and species diversity and show that even in a cold climate, colonizing unin-
tended species can strongly contribute to green roofs’ species richness.   

A scientific paper on the Swedish green roof vegetation survey, “Vegetation cover 
and plant diversity on cold climate green roofs”, was accepted for publication in 
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Journal of Urban Ecology after revision. These results were also published in a 
popular science paper in the Swedish journal Bygg&Teknik.  

PhD Student Joel Lönnqvist was main responsible for this study, under the super-
vision of Associate Professor Godecke Blecken and Professor Maria Viklander, 
LTU.  

The effect of temperature and precipitation on vegetation cover on Scandinavian 
extensive green roofs 

While a first survey done in 2018 focused on green roofs in northern Sweden, in 
2020 our dataset was combined with a vegetation survey done in Norway by NTNU 
in Trondheim. This enabled to compare the Swedish results with the Norwegian, 
which were collected in Norway’s wetter and (Gulf Stream affected) warmer cli-
mate.  

At all nine investigated sites, a significant decline in vegetation species in green 
roofs was detected, compared to originally intended (planted/sown) species. Both 
the survival rate and cover of the intended vegetation were positively related to the 
mean annual temperature. Contrary to the hypothesis, it was found that intended 
vegetation cover was negatively rather than positively related to mean annual pre-
cipitation. Conversely, the unintended (spontaneous) vegetation was favoured by 
high mean annual precipitation and low mean annual temperature, possibly by en-
abling it to colonize bare patches and outcompete the intended vegetation.  

These results are valuable for the green roof industry to provide more diverse solu-
tions which are (better) adapted to the specific conditions in different parts of Scan-
dinavia/Sweden. While specific vegetation mixtures already are available for Nor-
wegian conditions/regulations, a mixture for northern Sweden was under develop-
ment in 2019/20 by the industry. The results of the study supported that develop-
ment. 

A joint paper with NTNU, “Temperatures and precipitation affect vegetation dy-
namics on Scandinavian extensive green roofs”, comparing Swedish and Norwe-
gian survey data was prepared, submitted and published in International Journal of 
Biometeorology.  

Main responsible for this study was PhD Student Joel Lönnqvist, under the super-
vision of Associate Professor Godecke Blecken and Professor Maria Viklander, 
LTU, and Associate Visiting Professor Tone Muthanna, (all of LTU).  
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Cost-benefit analysis 
Investments and measures in stormwater management usually have relatively long 
life-times and are thereby sensitive to future uncertainties (e.g. climate change, 
changed regulations, changed public expectations). Given the multidisciplinary, in-
tegrated 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 prioritize different blue/green infrastructure systems with 
the aim to aid the decision-making process regarding stormwater management. 
Available tools for valuing multiple benefits of blue/green infrastructure are e.g., 
TEEB and B£sT (developed in the Netherlands and the UK, respectively). Since 
published results cannot be readily translated to Swedish cases, in 2019, the prelim-
inary CBA performed in 2018 was refined. This enables evaluation of the multiple 
benefits of two scenarios with blue/green infrastructure in comparison with one tra-
ditional infrastructure scenario for Swedish cases in comparison with a baseline.  

 
Fig. 41 Evaluated scenarios 

The results show that public health and amenity are the most significant benefits 
from blue/green infrastructure, besides the technical benefits flood protection or 
water quality treatment, which underlines the need for integrated stormwater man-
agement to achieve multi-functional benefits. The public health aspect of local, in-
ner city green infrastructure is underlined by the current “lockdown” actions in 
many countries, which reduce the mobility of many people. 



 

   

 

58 (68) 

Lena Goldkuhl, 0920-492893   2021-03-31 

gold@ltu.se  Dnr: 2016-05176  Projektnr: [Proj.nr.] 

 

 

 

 

 
Fig. 42 Benefits of BGI for the three scenarios (results from the B£sT model) 

It also raises questions concerning responsibility and financing (often water depart-
ments) versus benefits of blue-green infrastructure. Tools such as B£ST or TEEB 
can be helpful to water authorities to highlight additional benefits in discussion with 
other decision makers and funders (e.g. other departments in a municipal admin-
istration). 

2020 

A scientific paper, ”Valuing the Multiple Benefits of Blue-Green Infrastructure for 
a Swedish Case Study: Contrasting the Economic Assessment Tools B£ST and 
TEEB”, based on the above study, which was submitted in 2019, was published in 
2020 after revision in Journal of Sustainable Water Built Environment. 

The work was performed by research assistant Frieder Hamann, LTU together with 
associate professor Godecke Blecken, visiting professor Richard Ashley, and pro-
fessor Maria Viklander, all of LTU. 

 

The Blue/Green/White Infrastructure concept 
Qualitatively or quantitatively evaluating the multiple socio-economic benefits de-
livered by blue/green infrastructure is a relatively new field, but one - given the 
importance of delivering multiple benefits in dense cities – destined to grow in im-
portance. To date, no studies have evaluated that for Swedish conditions. Sweden’s 
cool/cold climate poses specific challenges and opportunities for blue/green infra-
structure; e.g. 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, the public’s perception of blue/green infrastructure, 
and offer opportunities for its design: this could motivate to re-conceptualize 
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blue/green infrastructure as Blue/Green/White Infrastructure. This concept is com-
pletely novel and yet to be explored and documented in depth, from technical, en-
vironmental or socio-economic perspectives offering an exciting opportunity for 
Sweden to lead the field in this multi-disciplinary research area.  

2020 

After having started to develop a blue/green/white infrastructure concept in 2019, 
aiming to make urban services and amenities functional across the whole year also 
in Sweden’s cool/cold climate, the work has continued during 2020.  

Important aspects are the multifunctional character that blue/green/white infrastruc-
ture can have across seasons – e.g., it could be that blue/green infrastructure, which 
manages stormwater in summer, can become ski tracks in the winter.  

 
Fig. 43 Importance of Blue, Green and White across seasons 

A scientific journal paper manuscript was developed in 2020, and will be submitted 
in early 2021. Further, the concept is planned to be presented at the 15th Interna-
tional Conference on Urban Drainage, which has been postponed from September 
2020 to October 2021.  

This work is performed jointly by industry PhD student Pär Sagrelius at Ty-
réns/LTU, Visiting Professor Lian Lundy, Associate Professor Godecke Blecken 
and Professor Maria Viklander (all of LTU). 

Multi-criteria analyses of street scale Blue/Green Infrastructure 
Stormwater blue/green infrastructure can be a core component in delivering sus-
tainable cities. Besides evaluating its technical/environmental potential, a wider 
perspective is needed to evaluate blue/green infrastructure in a holistic way, as il-
lustrated in Fig. 44.  
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Fig. 44 Multifunctional BGI: Ecosystem services and connected SDGs 

Within this DRIZZLE project, an integrated sustainability assessment is under-
taken, of selected blue/green infrastructure facilities, in 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 a methodological approach has to be found to combine qualitative 
and quantitative indicators in one assessment.  

After having started to choose and weight indicators in collaboration with a stake-
holder reference group based on environmental, economic, societal, and technical 
objectives in 2019, the next step in 2020 was (ii) the evaluation of the environmental 
impact of blue/green infrastructure facilities using a Life Cycle Analysis (LCA).  

Based on that, (iii) an integrated sustainability assessment of selected blue/green 
infrastructure facilities, using the non-compensatory Multi-Criteria Analysis 
(MCA) method ELECTRE III. The LCA will be an input to this MCA. The results 
will give guidance for integrated decision making regarding the sustainability of 
different types of stormwater blue/green infrastructure. 
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2020 

In 2020, a LCA was started, focusing on the environmental impact of bioretention 
facilities constructed in three Swedish municipalities. First results have been ob-
tained which will be submitted as journal paper and be one input in the MCA.  

This work is done by industry PhD student Pär Örn Sagrelius (Tyréns and LTU) 
together with Associate Professor Godecke Blecken, Associate Professor Annelie 
Hedström, Visiting Professor Richard Ashley and Professor Maria Viklander (all 
of LTU) in collaboration with staff at Tyréns AB.  

The integrated role of gully pots in stormwater management 
Gully pots are a ubiquitous dual-function component of urban drainage infrastruc-
ture, both enabling runoff to enter the piped system and preventing blockages by 
large debris and floatables. With the increasing recognition of the impacts of diffuse 
urban pollution, the role of gully pots in providing additional functions, such as 
minimising the pollutant loadings on recipients, is of increasing interest to storm-
water managers.  

However, despite their widespread use, little is known about their efficacy in terms 
of trapping sediments (acting a pollutant sink), their potential for scouring previ-
ously-deposited gully pot sediments (pollutant source) and the implications of both 
their operation and management.  

2020 

The performance of two gully pot basal sediment scour models of distinct complex-
ity levels was evaluated, under both current and future rainfall conditions. A regres-
sion model for gully pots with a curb entry (called Model One) was chosen, as that 
inlet type is more commonly employed within a European context. Model Two is a 
regression model for the washout of single-sized sediments in gully pots. Field data 
previously collected from a sub-catchment in Luleå was used within the models.  

Analysis of results suggest that model outputs can be used to inform gully pot emp-
tying strategies from different user perspectives. For example, the use of Model 
One is more appropriate in the establishment of gully pot maintenance schedules, 
with Model Two more suited to the dimensioning of gully pots based on perfor-
mance requirements.  
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A manuscript of this research “An assessment of gully pot sediment scour behav-
iour under current and potential future rainfall conditions” was developed and sub-
mitted to the Journal of Environmental Management. After minor revision, the pa-
per was resubmitted in December 2020.  

 
Fig. 45 PhD Student Haoyu Wei conducting gully pot sampling 

Haoyu Wei, PhD student, is undertaking the above research studies under the su-
pervision of Visiting Professor Lian Lundy, Professor Maria Viklander and Asso-
ciate Visiting Professor Tone Merete Muthanna (all of LTU), and in collaboration 
with City of Stockholm, Stockholm Vatten & Avfall and Luleå Municipality.  
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2.5 Research publications 
Notable is that the publication by Lundström, Åkerstedt, Larsson, Marsalek, and 
Viklander on the so-called Sponge was awarded editor’s choice by the publisher.  

Moreover, when the largest international conference in the stormwater area, i.e. 
ICUD (International Conference on Urban Drainage), was cancelled due to the im-
pacts of covid-19, the ICUD management team decided to hold a series of webinars 
where young authors, who originally submitted to ICUD2020, presented their work 
to the Urban Drainage community. That is, twelve conference contributions from 
young researchers were selected for these webinars. One of the selected presenta-
tions was a presentation by the DRIZZLE PhD student Ico Broekhuizen, on adapt-
ing weighing-bucket rainfall observations to urban applications. 

However, it has to be pointed out that since quite many conferences have been can-
celled due to impacts of covid-19, (e.g., ICUD2020; World Water Congress & Ex-
hibition 2020), the number of publications in 2020 have been affected. Another 
impact of covid-19 is that it has been harder than usual to conduct field studies due 
travel restrictions, which also affected and will continue to affect the number of 
publications.  

Articles in journals 2020 
Below are the publications where DRIZZLE has financed the whole or parts of the 
research costs.  

Broekhuizen. I, Leonhardt. G, Marsalek. J, Viklander. M. (2020). Event selection 
and two-stage approach for calibrating models of green urban drainage systems. 
Hydrology and Earth System Sciences, Vol. 24, s. 869-885  doi.org/10.5194/hess-
24-869-2020  
 
Hamann, F., Blecken, G.-T., Ashley, R. & Viklander, M. (2020). Valuing the Mul-
tiple Benefits of Blue-Green Infrastructure for a Swedish Case Study: Contrasting 
the Economic Assessment Tools B£ST and TEEB. Journal of Sustainable Water in 
the Built Environment, Vol. 6, nr 4, article id 05020003 
 
Lange, K., Österlund, H., Viklander, M., Blecken, G. (2020). Metal speciation in 
stormwater bioretention: Removal of particulate, colloidal and truly dissolved met-
als. Science of The Total Environment, Vol. 724, article id 138121. 
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Lange, K., Viklander, M., Blecken, G. 2020. Effects of plant species and traits on 
metal treatment and phytoextraction in stormwater bioretention. Journal of Envi-
ronmental Management, Vol. 276, article id 111282. 
 
Lindfors, S., Österlund, H., Lundy, L. & Viklander, M. (2020). Metal size distribu-
tion in rainfall and snowmelt-induced runoff from three urban catchments. Science 
of the Total Environment, 743, article id 140813. 
 
Lundström, S., Åkerstedt, H., Larsson, S., Marsalek, J. & Viklander, M. (2020). 
Dynamic Distributed Storage of Stormwater in Sponge-Like Porous Bodies: Mod-
elling Water Uptake. Water, Vol. 12, no 8, doi.org/10.3390/w12082080 
 
Lönnqvist, J., Hanslin, H. M., Johannessen, B. G., Muthanna, T. M., Viklander, M., 
& Blecken, G. (2020). Temperatures and precipitation affect vegetation dynamics 
on Scandinavian extensive green roofs. International Journal of Biometeorology, 
(December). doi.org/10.1007/s00484-020-02060-2 
 
Milovanovic, I., Vojtěch, B., Hedström, A., Herrmann, I., Picek, T., Marsalek, J. & 
Viklander, M. (2020). Enhancing stormwater sediment settling at detention pond 
inlets by a bottom grid structure (BGS). Water Science and Technology, 81 (2), 
274-282 doi.org/10.2166/wst.2020.101  
 
Müller, A., Österlund, H., Marsalek, J., & Viklander, M. (2020). The pollution con-
veyed by urban runoff: A review of sources. Science of the Total Environment, 709, 
article id 136125 
 
Nyström. F, Nordqvist. K, Herrmann. I, Hedström. A, Viklander. M. (2020). La-
boratory scale evaluation of coagulants for treatment of stormwater. Journal of Wa-
ter Process Engineering, Vol. 36.doi.org/10.1016/j.jwpe.2020.101271 
 
Nyström. F, Nordqvist. K, Herrmann. I, Hedström. A, Viklander. M. (2020). Re-
moval of metals and hydrocarbons from stormwater using coagulation and floccu-
lation. Water Research, Vol. 182. doi.org/10.1016/j.watres.2020.115919 
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Søberg, L., Al-Rubaei, A., Viklander, M. & Blecken, G.-T. (2020). Phosphorus and 
TSS Removal by Stormwater Bioretention: Effects of Temperature, Salt, and a Sub-
merged Zone and Their Interactions. Water, Air and Soil Pollution, Vol. 231, nr 6 
doi.org/10.1007/s11270-020-04646-3 

Conference papers 
Broekhuizen, I., Leonhardt, G., Viklander, M. (2020). Adapting weighing-bucket 
rainfall observations to urban applications. Virtual International Conference on Ur-
ban Drainage (ICUD2020): Young researcher webinar, Online, December 8-10, 
2020 oai:DiVA.org:ltu-82913 

Reports 
Blecken, G., Hamann, F., Ashley, R. & Viklander, M. (2020) Vilka nyttor kan blå-
grön infrastruktur bidra med? Ekonomisk bedömning av en fallstudie i Luleå med 
verktygen B£ST och TEEB. Svenskt Vatten Utveckling rapport 2020-12 
 
Sörelius H., von Scherling, M., Blecken, G., Karlsson, L. (2020). Utvärdering av 
biofilter vid HSB Living Lab – samlade erfarenheter och råd. RISE rapport 2020:87 

PhD theses  
Galfi, H. (2020). Assessment of stormwater and snowmelt quality based on water 
management priorities and the consequent water quality parameters. PhD Thesis, 
Luleå University of Technology. ISBN: 978-91-7790-547-9 

Licentiate theses  
Gavric, S. (2020) Enhancement of stormwater quality in grass swales: Removal and 
immobilisation of metals. Licentiate thesis, Luleå University of Technology. ISBN: 
978-91-7790-698-8 
 
Lange, K. 2020. Total and dissolved metal treatment in stormwater bioretention. 
Licentiate thesis, Luleå University of Technology. ISBN: 978-91-7790-574-5 
 
Vijayan, A. (2020). Quality of snow deposited in urban areas: Storage, load assess-
ment and release of selected pollutants with snowmelt. Licentiate thesis, Luleå Uni-
versity of Technology. ISBN: 978-91-7790-650-6 
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Master and Bachelor theses 
Agerberg, F. (2020). Data interpolation for groundwater modelling: How choice of 
interpolation method and sample size affect the modelling results. Master Pro-
gramme in Natural Resources Engineering oai:DiVA.org:ltu-79577  
 
Eklund, S. (2020). An evaluation of the treatment performance of a ten year old 
stormwater biofilter in Sweden. Master Programme in Natural Resources Engineer-
ing oai:DiVA.org:ltu-78146 
 
Eriksson, J. (2020). Sensitivity analysis of pluvial flood modelling tools for dense 
urban areas: A case study in Lundby-Lindholmen, Gothenburg. Master Programme 
in Natural Resources Engineering oai:DiVA.org:ltu-80431 
 
Helmersson, K. (2020). Effects of Microplastic Leachates on Phytoplankton: A La-
boratory Study on Nodularia spumigena and Phaeodactylum tricornutum. Master 
Programme in Natural Resources Engineering oai:DiVA.org:ltu-79453 
 
Lundqvist, D. (2020). Sensitivity analysis of grate inlet representation and a com-
parison of two coupled hydraulic models for urban flood simulation. Master Pro-
gramme in Natural Resources Engineering oai:DiVA.org:ltu-78224 
 
Roos Lindell, F. (2020). Konsten att samla upp släckvatten: En fallstudie av svensk 
släckvattenhantering. Bachelor Programme in Fire Engineering oai:DiVA.org:ltu-
81896 
  
Svedin, J. (2020). Photodegradation of macroplastics to microplastics: A laboratory 
study on common litter found in urban areas. Master Programme in Natural Re-
sources Engineering oai:DiVA.org:ltu-80599 

Articles in popular science journals 
Lönnqvist, J., Blecken, G., & Viklander, M. (2020). Växtlighet på gröna tak i norra 
Sverige. Bygg&teknik, 2  
 
Wei, H. (2020). Rain, dust, gully pots and ???, a chain of concerns Tidskriften 
VATTEN 1. 2020.  
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3. Development and changes of constellation 
In August 2020, at the official part of the annual meeting, the partners elected Erik 
Karlsson, head of Strategic Planning at Stockholm Vatten & Avfall, as new chair-
man of the DRIZZLE board. He took over after Pär Weihed, deputy vice-chancellor 
at Luleå University of Technology.  

Other than the change of head of the board, the changes can be summarized as the 
employment of industrial/municipal PhD students, and the exchange of a few con-
tact persons in the participating organizations due to changing employment, long-
term sick-leave (covid-19), workload, or retirement.  

4. Progress management 
Workshops have been held with the Board, to work with the reviewer comments 
from the 2-year evaluation.   

So called “Pulse Meetings” have been held at least once a month, with participation 
from the management team (centre 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. As most research 
staff has been working from home most of the year due covid-19 restrictions, these 
white boards have been (at least temporarily) transferred to three shared online files.  

Monday meetings are held every week with the whole research group to, for exam-
ple, keep track of field studies, and to make sure that weather-related opportunities 
(rain/snowmelt) are captured. Since March 2020, these meetings have been held 
digitally, via Zoom. 

All PhD students regularly have to present their research progress in several ways. 
That is, PhD students present during lunch seminars. Since mid-March these lunch 
seminars have been fully digital.  

Additionally, progression seminars are held yearly, and then PhD students present 
their ongoing and planned research in more detail, and discuss it with the rest of the 
research group. As the progression seminar was held in the beginning of February 
2020, it was carried out as a physical 3-day event, in the small village of Sörbyn 
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outside of Boden. Parts of the days were dedicated to social activities, such as ice 
fishing of char, common lunches and dinners (including the newly caught char).  

 
Fig. 46 Kelsey Flanagan, PhD, after ice fishing in -27°C, Sörbyn 

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 
research, and judgement and approach (ethical considerations, etc.). The progres-
sion review serves as the basis for awarding course and thesis credits. 
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