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ABOUT THE CONFERENCE 


This is a conference open for an exchange of thoughts, highlighting results, tools, and mindset when it comes 
 to tackle the challenges in managing urban flooding. The conference present results from four innovative 
 research projects, from the perspective of the following themes: 


- End-user engagement, tailored tools and public perceptions 
 - Rainfall and environmental observation and forecasting 
 -  Urban flood modelling and forecasting 


- Water management, nature-based solutions and climate adaptation 


We welcome practitioners and experts dealing with urban flooding hazards in some way, as well as 


academics and scientists in the field. The conference will consist of both short lectures and hands-on demos 
 of web-based tools.  


The content of this booklet has not been peer-review and the information may have been published 
 elsewhere. The authors are responsible for content and copy rights.  


The four projects: 



The INXCES project 


https://inxces.eu  
 Partners: 


Norwegian University of Science and Technology 
 (NTNU) 


University of Applied Sciences Groningen (HUAS) 
 Luleå University of Technology (LTU) 


Technical University of Civil Engineering of 
 Bucharest (UTCB-CCIAS) 


Geological Survey of Norway (NGU) 


Sponsors: The Research Council of Norway (NO), 
 The Executive Agency for Higher Education, 
 Research, Development and Innovation Funding 
 (RO), Formas (SE) and Netherlands Organisation 
 for Scientific Research (NL) though Water 
 Challenges for a Changing World Joint 
 Programme Initiative (Water JPI)  



The MUFFIN project 


http://www.muffin-project.eu/about-muffin  
 Partners: 


Swedish Meteorological and Hydrological Institute 
 (SMHI), 


Aalborg University (AAU) 


Delft University of Technology (TUD) 
 Aalto University (AU) 


Swedish Geotechnical Institute (SGI) 


Sponsors: The Swedish Research Council Formas 
 (SE), Netherlands Organisation for Scientific 
 Research (NL), Innovationsfonden (DK) and Maa- ja 
 vesitekniikan tuki ry (FI) though the Water 


Challenges for a Changing World Joint Programme 
 Initiative (Water JPI) 



The Weather Radar project 


http://www.svensktvatten.se/forskning/svenskt-
 vatten-utveckling/pagaende-svu-


projekt/vaderradarteknik-inom-va-omradet--
 test-av-metodik  


Partners: 


Lunds Tekniska Högskola 
 Lunds Universitet 
 Sweden Water Research 
 SMHI 


Sponsor: Svenskt Vatten Utveckling 



The SUrF project 


http://www.surf.lu.se  
 Partners: 


Lund University 


Sweden Water Research 
 Region Skåne 


Höje å Vattenråd 
 Länsförsäkringar Skåne 


Göteborgs stad, kretslopp och vatten 


Sponsor: The Swedish Research Council Formas 
(SE) 



(5)2 



MUFFIN
 has worked to bridge the gap between the urban and large-scale hydrological modelling 
 communities, providing mutual benefits and an arena for new thinking. The project has developed 
 innovative systems and solutions that diminish the adverse effects of urban flooding. The basic approach 
 was to analyze, develop, join, compare and evaluate observational and forecasting systems operating at 
 different scales (local, regional/national, continental). A flooding event may be generally divided into the 
 following three temporal stages, during which different users require different types of information. 

•  Before the flood: The main components in this stage are the rainfall and flood forecasts, signal-
 ling when and where problems may occur. 


•  During the flood: Frequent real-time observations are required to follow how the event develops 
 and maximize situation awareness. 


•  After the flood: Properly quality controlled, stored and documented observations, forecasts and 
 other relevant information are needed to facilitate post-event analyses. 


Furthermore, flood-related information (observations, forecasts) is available from systems operating over 
 different spatial domains. 


•  The city: A city may operate its own flood forecasting system or be included in a small regional 
 system. 


•  The region/country: Several regions and countries operate forecasting systems. 


•  The continent (Europe): A range of hydrological modelling systems have been set up for flood 
 forecasting at the Pan-European level. 


Generally, local systems and information provide the highest value for the end-users in all flood phases. 


However, local systems are lacking in many cities which are thus dependent on purely hydrological 


information from national or even continental level. In MUFFIN, we have aimed at increasing the end-user 
 value of information related to urban floods by research and development at all scales as well as adaptation 
 and promotion of existing material. The research and development have been performed in three cities: 


Aalborg (DK), Rotterdam (NL) and Helsinki (FI). During the first phase of the project, local forecasting systems 
 were developed and optimized for selected sub-basins in these cities. In parallel, the hydrological model 
 HYPE was developed for high-resolution modelling and set up for the same sub-basins. In the second phase 
 of the project, coordinated forecasting experiments were carried out in order to explore the benefits and 
 limitations of each type of model system as well as the prospect of combining them. 


Partners: 


Swedish Meteorological and Hydrological Institute, Norrköping in Sweden – Coordinator 
 Jonas Olsson (Jonas.olsson@smhi.se) 


Aalborg University, Aalborg in Denmark 
 Søren Liedtke Thorndahl (st@civil.aau.dk) 


Delft University of Technology, Delft in the Netherlands 
 Marc Schleiss (m.a.Schleiss@tudelft.nl) 


Aalto University, Helsinki in Finland 


Teemu Kokkonen (teemu.kokkonen@aalto.fi
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INXCES
 is funded by the Research Council of Norway (NO), The Executive Agency for Higher Education, 
 Research, Development and Innovation Funding (RO), Formas (SE) and Netherlands Organisation for 
 Scientific Research (NL) though Water Challenges for a Changing World Joint Programme Initiative (Water 
 JPI). During the project period new innovative technological methods for risk assessment and mitigation of 
 extreme hydroclimatic events has been developed and including optimization of urban water-dependent 
 ecosystem services at the catchment level, for a spectrum of rainfall events. It is widely acknowledged that 
 extreme events, such as floods and droughts are an increasing challenge, particularly in urban areas. The 
 frequency and intensity of floods and droughts pose challenges for economic and social development, 
 negatively affecting the quality of life of urban populations. Prevention and mitigation of the consequences 
 of hydroclimatic extreme events are dependent on the time scale. Floods are typically a consequence of 
 intense rainfall events with short duration. In relation to prolonged droughts however, a much slower 
 timescale needs to be considered, connected to groundwater level reductions, desiccation and negative 
 consequences for growing conditions and potential ground – and building stability.  

INXCES has taken a holistic spatial and temporal approach to the urban water balance at a catchment scale. 


Perform technical-scientific research to assess, mitigate and build resilience in cities against extreme 
 hydroclimatic events with nature-based solutions. INXCES used and enhance innovative 3D terrain analysis 
 and visualization technology coupled with state-of-the-art satellite remote sensing to develop cost-effective 
 risk assessment tools for urban flooding, aquifer recharge, ground stability and subsidence. INXCES used 
 quick scan tools that will help decision makers and other actors to improve the understanding of urban and 
 peri-urban terrains and identify options for cost effective implementation of water management solutions, 
 which will  reduce the negative impacts of extreme events, maximize beneficial uses of rainwater and 
 stormwater for small to intermediate events, and provide long-term resilience in light of future climate 
 changes. The INXCES approach optimizes the multiple benefits of urban ecosystems, thereby stimulating 
 widespread implementation of nature-based solutions on the urban catchment scale. https://www.inxces.eu    
 Partners: 


Norwegian University of Science and Technology (NTNU), Trondheim in Norway – Coordinator  
 Tone M. Muthanna (tone.muthanna@ntnu.no) 


Hanze University of Applies Sciences (HUAS), Groningen in the Netherlands 
 Floris C. Boogaard (floris@noorderruimte.nl) 


Geological Survey of Norway (NGU), Trondheim in Norway 
 Guri Venvik (guri.venvik@ngu.no ) 


Technical University of Civil Engineering of Bucharest (UTCB-CCIAS), Romania 
 Constantin Radu Gogu (radu.gogu@utcb.ro) 


Luleå University of Technology (LTU), Sweden  
Maria Viklander (maria.viklander@ltu.se ) 
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SUrF 
stands for Sustainable Urban Flood Management and is a vision as well as a project. We, the project 
 partners, have reached a common view of the topic which we understand as a system of systems, illustrated 
 by the figure below. 

This concept corresponds well with the title of the 
 conference. Rain is the input to the Hydrological system, 
 which may consist of both natural and man-made 
 components. In extreme cases, the Impact system 
 consisting of both physical elements and non-tangibles in 
 the City, may be negatively affected. This is a Risk which 
 has to be handled via a Flood Management system. Due to 
 the complexity of the problem the management system 
 requires understanding, and input from a broad spectrum 
 of individuals and organisations, private as well as public. In order to make useful research for this 


multifaceted system we have established a multidisciplinary team of researchers with support from an 
 engaged group of funders which have also been partners in the project. 


Our strategy has been to work with all the three systems in the figure above. Two special topics, which have 
 been especially important in SUrF are hydrological modelling and blue-green solutions, both of which can be 
 seen as dealing with the hydrological system and the management system. Issues related to responsibility, 
 legislation and organisational structure have been shown to be obstacles for efficient urban flood 


management in Sweden (and elsewhere). Therefore, a lot of SUrF research activities have been focused on 
 these areas. The project team consists of researchers from six departments, representing three faculties, at 
 Lund University plus researchers from Malmö University and the Swedish University of Agricultural Sciences.  


Partners: 


Lund University– Coordinators 


Rolf Larsson (rolf.larsson@tvrl.lth.se  and Ronny Berndtsson (ronny.berndtsson@tvrl.lth.se 
 Sweden Water Research 


Hans Bertil Wittgren (HansBertil.Wittgren@vasyd.se) 
 Göteborgs stad, Kretslopp och vatten 


Lena Blom (lena.blom@kretsloppochvatten.goteborg.se) 
 Region Skåne 


Jerry Nilsson (jerry.nilsson@skane.se) and  
 Höje å Water Council 


Anna Helgeson (anna.helgeson@lund.se)  
 Länsförsäkringar Skåne 


David Lamppu (david.lamppu@lansforsakringar.se) 
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The Weather Radar project - Väderradarteknik inom VA-området test av metodik 


VA SYD together with the Faculty of Engineering (LTH), Lund University, Sweden, Water Research, and SMHI 
 have collaborated in the Weather Radar Project. The X-band weather radar was installed from July-September 
 2018 to test the facility on Dalby water tower, Lund municipality. The purpose with the test period was to 
 obtain an in-depth conclusion of how an X-band weather radar facility could be implemented in VA SYD´s 
 sewage utilities including weather radar data quality control and validation.  


The purpose with the test period was to obtain an in-depth conclusion on how an X-band weather radar 
 facility could be implemented at VA SYD, including data quality control and validation. The following parts 
 constitute the report:  


•  A literature study and an evaluation of the critical parameters for a weather radar facility  


•  An evaluation with proposed sewerage system and wastewater treatment plant applications of the 
 weather radar data  


•  Validation of the radar data  


VA SYD has collaborated with the Faculty of Engineering at Lund University (LTH), Sweden Water Research 
 (SWR) and the Swedish Meteorological and Hydrological Institute (SMHI) in this project. VA SYD and SMHI 
 made an analysis of the technology and localized a test site with ideal conditions for the first X-band weather 
 radar facility in Sweden to be on the top of the Dalby water tower outside the city of Lund. The X-band radar 
 offers higher resolution when compared to SMHI’s C-band radar. The weather radar was in operation 
 between 2018-07-03 and 2018-09-12. In addition to precipitation data from VA SYD, the Trelleborg 
 municipality has contributed their precipitation data.  


The study included an analysis of processed radar data from Informatics (IT-supplier) and LTH, and from VA 
 SYD´s rain-, flow-, and sewerage overflow gauges. Four precipitations events from August 2018 have been 
 studied in which different data sets, including rain gauge data in Trelleborg municipality, have been 
 analysed. LTH processed and validated the radar data with a Matlab code while Informatics used a Python 
 code.  


http://www.svensktvatten.se/forskning/svenskt-vatten-utveckling/pagaende-svu-projekt/vaderradarteknik-
 inom-va-omradet--test-av-metodik  


Partners: 


VA Syd – Coordinators 


Nicholas South (nicholas.south@vasyd.se) and Henrik Aspegren (henrik.aspegren@vasyd.se) 


Lund University 


Hossein Hashemi (hossein.hashemi@tvrl.lth.se) and Andreas Persson (andreas.persson@nateko.lu.se) 
 SMHI 


Jonas Olsson (jonas.olsson@smhi.se) 


Sponsor: Svenskt Vatten Utveckling 
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THEME 1: END-USER ENGAGEMENT, TAILORED TOOLS 



& PUBLIC PERCEPTION 



Knowledge exchange on Climate Adaptation Best Management Practices for Sus- tainable water management in Resilient Cities  


F. Boogaard 1+2, Guri Venvik3  


1 Hanze University of Applied Science, Groningen, The Netherlands, Email: floris@noorderruimte.nl  


2 Global Center on Adaptation, Energy Academy Europe, Groningen, The Netherlands 


3Geological Survey of Norway (NGU), Trondheim, Email: guri.venvik@ngu.no  
 The INXCES project 


Cities are becoming increasingly vulnerable to climate change, and there is an urgent need to make them 
 more resilient. The Climatescan adaptation tool www.climatescan.nl is applied as an interactive tool for 
 knowledge exchange and raising awareness on Nature-Bases Solutions (NBS) targeting young professionals 
 in ClimateCafes. Climatescan is a citizen science tool created through ‘learning by doing’, which is interactive, 
 open source, and provide more detailed information on Best Management Practices (BMPs) as: exact 


location, website links, free photo and film material. BMPs related to Innovations for Climatic Events 


(INXCES) as stormwater infiltration by swales, raingardens, water squares, green roofs subsurface infiltration 
 are mapped and published on social media.  


Climatescan is in continuous development as more data is uploaded by over 250 people around the world, 
 and improvements are made to respond to feedback from users. In an early stage of the international 
 knowledge exchange tool Climatescan, the tool was evaluated by semi-structured interviews in the 
 Climatescan community with the following result: stakeholders demand tools that are interactive, open 
 source, and provide more detailed information (location, free photo and film material).  


In 2016 Climatescan (first stage of INXCES) was turned into an APP and within two years the tool had over 
 10,000 users and more than 3,000 international projects. More than 60% of the users are younger than 34 
 and 51% of users are female, resulting in engagement with an important target group: young professionals. 


The tool is applied in Climatecafe.nl around the world (The Netherlands, Sweden, Philippines, Indonesia, 
 South Africa) where in a short period of time stakeholders in triple helix context (academia, public and 
 private sector) work on climate related challenges and exchange their knowledge in a café setting. 


Climatescan has also been used in other water challenges with young professionals such as the Hanseatic 
 Water City Challenge and Wetskills.  


During the INXCES project over 1000 BMPs related to Innovations for Climatic Events (INXCES) are mapped in 
 all partner countries (figure 1). The points of interest vary from just a location with a short description to a 
 full uploaded project with location, description and summary, photos and videos, presentations, links to 
 websites with more information and scientific papers and books (as Bryggen in Norway: 


https://www.climatescan.nl/projects/16/detail ).  
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Fig. 1 Norway (73), Sweden (25), The Netherlands (>1000) and Bucharest, Romania (19).  


In conclusion, there is a clear demand for a collaborative knowledge-sharing tool on BMPs, where first 
 impressions of different urban resilience projects can be quickly gained, and examples of climate adaptation 
 is easily accessible. Further work in linking events to the UN Sustainable Development Goals will further 
 empower the usability of this web-tool www.ClimateScan.nl. This tool helps policy makers and practitioners 
 to gather valuable data for decision-makers in a rapid appraisal at neighbourhood and city level. The results 
 provide insights, create awareness, and builds capacity with bringing together stakeholders in the 


Climatescan community.  


Acknowledgements: This study would not have been possible without the registered users from the public 
and private sectors who have mapped their BMPs. This study would not have been possible without funding 
from STOWA and collaboration within the JPI Water funded project INXCES and INTERREG IVb project 
WaterCoG. 
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Are house owners’ willing to invest in self-protection against flooding?  


Jonas Nordström 
 Lund University


The SUrF- project 


Compared to insurances that reduces the severity of flooding for the individual, self-protection may reduce 
 both the probability and the severity of flooding. Increased self-protection may thus lower the socio-
 economic costs of flooding and can be seen as an important part of the societies’ adaptation to climate 
 change. In this survey we study house owners’ self-protecting behaviour.   


The results suggest that a relatively large fraction of the house owners is willing to undertake self-protecting 
 measures to reduce the probability and severity of flooding. The median expenditures that are spent on self-
 protecting means were SEK 5000. There is, however, a large difference in the median and mean 


expenditures, and about one fourth of the house owners report no (direct) costs for the self-protection 
 measures. For house owners that have been affected by flooding, the median expenditures on self-


protection measures were SEK 3000, while the median loss due to the latest flooding were estimated to SEK 
 10000.  


The most common means of self-protection were “not to store or have valuable items in the basement” 


followed by “draining”, “remove vegetation that can damage pipes” and “using building material that is less 
 sensitive to water”. 


After the decision to carry our various self-protection measures the house owners stated the following 
 subjective probability of flooding for their property. 


Figure 1: House owners' subjective probability of flooding per year 
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 For half of the house owners that have not undertaken any self-protection measures, the subjective 


probability of flooding is 0.5 percent or less. About 90 percent of the house owners that have not carried out 
 any measures, estimate that the probability of flooding is 2 percent or less per year, i.e. relatively low.  


House owners that have carried out self-protection measures sated a higher subjective probability of 
flooding compared to house owners that have not undertaken any measures.  One third of these house 
owners say that the probability of flooding is 0.5 percent or less per year, while about half of them stated 
that the probability of flooding is between 1 and 5 percent. Half of the house owners that carry out self-
protecting measures thus have or have undertaken measures that reduce the subjective risk of flooding to 
between 1 and 5 percent per year. The results also suggest that many of the house owners that have been 
affected by flooding and that have carried out self-protecting measures, expect that their property will be 
flooded again (during the coming 20 years). For these subjects, self-protection measures such as using 
building material that is less sensitive to water and not store or have valuable items in the basement, can 
have an important impact on the severity of the expected flooding.  
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Building flood resilience – together 


Kristina Hall & Nina Steiner, VA SYD 


VA SYD, Box 191, 201 21 Malmö, Sweden, E-mail: kristina.hall@vasyd.se ; nina.steiner@vasyd.se 


The SuRF Project  


Cloudbursts in urban areas can lead to massive flooding, in public areas as well as in private houses and 
 buildings. The costs of this are enormous, both for society and for individual citizens. The problem is not 
 new, so how come it hasn’t been solved? 


Building flood resilience – together is exploring new ways to address the issue in the city of Malmö. The 
 project was initiated in 2017 by VA SYD, a regional water and wastewater services provider in south-western 
 Skåne, and operates in close collaboration with the city of Malmö. Four employees at VA SYD, three 


engineers and one communications officer, work in the project. 


Pre-requisites 


There is a gap in the responsibility matrix regarding urban cloudbursts in Sweden (table below). Concerning 
 in particular ‘area with existing buildings’, there is nobody to hold responsible.  


Normal rain  Cloudburst 


New urban development  The wastewater  
 services provider 


The municipality  


Area with existing  
 buildings 


The wastewater  
 services provider 


Nobody 


Another dilemma is the fact that 70% of Malmö consists of privately-owned land. It is therefore important to 
 make the private property owners take action and contribute to building flood resilience. Since there are no 
 legal demands on private property owners, actions are all voluntary. Making them want to act is one of the 
 main tasks for the project Building flood resilience – together.  


Objectives and target groups 


The project has identified two levels of objectives – a collective change of mind set in society and an increase 
 of individual actions.  


The chosen target groups for the individual action part may be roughly divided into four categories:  


1. Colleagues within VA SYD and the city of Malmö 
 2. Private homeowners (detached houses) 


3.  Private housing cooperatives (apartment houses) 
4.  Industries and businesses occupying large areas.  
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 Strategic approach 


“Hard” problems do not always have “hard” solutions. It is often more efficient to use “soft” techniques. We 
 can’t rebuild the city to make it fit todays conditions. But by involving everyone living and working in the city, 
 we can achieve change. Communication is therefore essential in order to reach the set objectives, and the 
 communicative strategy has from day one been to use positive enforcement in all communication. Emphasis 
 is on showing the benefits of doing things right, instead of showing the negative consequences of doing 
 things wrong.  


In August 2017, a survey was made within target groups 1 and 2 to measure the knowledge about flood 
 resilience possibilities and the willingness to take individual action. Based on the answers, strategic and 
 communicative activities were decided on: 


•  Employing a variation of nudging techniques, ranging from tone of voice to delivering rain barrels to 
 peoples’ homes. They have all been evaluated and improved on a regular basis. 


•  Financial compensation of 2 500 SEK for each disconnected downpipe in Malmö has been promoted 
 strongly.  


•  Offering services of an engineer to do on site counselling to housing cooperatives. 


•  Seeking collaboration with housing cooperatives, real estate companies, private property owners, 
 builders, architects, landscape architects and others, in order to spread awareness and knowledge. 


•  Taking part in several workshops and giving lectures in order to put focus on cloudburst issues in 
 every part of the city planning process, locally as well as nationally. 


•  Not waiting to be found, but to find people through participation at garden shows and fairs  


•  Offensive PR work with focus on local media.  


•  Using the web site vasyd.se/platsforvattnet as the centre of all communicative activities. A lot of fo-
 cus has been on improving the site and getting people to visit it.  


Results 


It is clear that there is no ‘one size fits all’-solution. All actions have to have an individual approach. This is 
 time consuming but effective. Through differentiated communication, offers and actions to each target 
 group, we have been able to reach more people and achieve more. 


The awareness of the importance of building flood resilience has increased among colleagues and city 
 planners in Malmö.  


An increasing amount of private house owners in Malmö are disconnecting their downpipes.  


It is clear that there is a need of other solutions than offered today for big warehouses, industries and other 
 businesses.  


A final conclusion is that building flood resilience together with the citizens, entrepreneurs, builders, city 
planners and others takes time. But it is possible.  
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A review of sustainability of urban flood management from the aspects of        hydrology, economy and the perceived urban design quality 


Misagh Mottaghi, Jonas Nordström, Catharina Sternudd, Salar Haghighatafshar, Karin Jönsson 
 Faculty of Engineering LTH, Lund University 


The SurF-project 


Flooding in urban areas is a problem of growing concern due to numerous reasons. It has been proved that 
 only relying on pipe system is not the solution. Urban areas are getting denser and large proportion of 
 impermeable surfaces makes built-up land more vulnerable to flooding than the surrounding environment. 


Accordingly, applying surface solutions, called blue-green solutions and evolving the drainage systems are 
 essential steps for the reduction of flood impacts. Some municipalities are now well informed of the 
 necessity for applying green solutions as flood control methods. Many studies have shown that blue-green 
 solutions are efficient in controlling flooding and recycling the run-off water. However, we have limited 
 knowledge on the extent to which such solutions are sustainable and even less on how sustainable the 
 everyday life around them can be. Moreover, we have limited information on how individuals value blue-
 green solutions in monetary terms. This information is important from both a welfare perspective and from 
 a socio-economic cost benefit analytic perspective. 


The research is trying to assess the impact that blue-green solutions have on the quality of urban 


environments. Here, we apply a multilevel approach to review socio-cultural values that these ecological 
 techniques offer to the environment. The research objective is the effect that such solutions have on 
 human’s everyday use and practice. In this study, an urban housing area called ‘Augustenborg Eco-city’ has 
 been chosen as the case study. The area is located in the city of Malmö in Sweden and includes almost 1970 
 households. The research team tries to gain knowledge from the user’s perspective to see how people 
 experience blue-green solutions in their everyday life as well as how they value them in relation to their 
 experience. The researchers have considered two criteria to come up with specific urban area as the case 
 study. First, the area needed to have different open stormwater techniques, which were deliberately 
 planned, designed, and implemented on site to deal with urban flooding. The second and very important 
 criteria was that the blue green techniques were implemented a while back in past, so the inhabitants have 
 had enough time to live, explore and experience the area. Augustenborg urban area has been retrofitted in 
 1998 with the goal of making the area flood resilient as well as more attractive. Augustenborg eco-city is a 
 well-known example being known as one of the best practices of sustainable urban project. 


A questionnaire has been formulated and designed based on the affordance theory, which address questions 
 regarding urban design qualities. The questions are developed in the way to understand different 


possibilities for action and perception that blue-green solutions may bring to the area and people’s everyday 
life. Furthermore, a contingent valuation method was used to elicit the respondents’ valuation of the blue-
green solutions in monetary terms. The questionnaires were distributed to all households in the area in 
November 2018 and collected by the end of December. The project is a collaboration between Lund 
university of Sweden, VA SYD and MKB housing company. The research team is supposed to carry on the 
project with a follow-up focus group as a new method for getting deeper knowledge on social and cultural 
sustainability of blue-green solutions in Augustenborg Eco-city. 
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Responding to end-user requirements before, during and after the flood


Lisa Van Well 


Swedish Geotechnical Institute  


The MUFFIN project 


The MUFFIN seeks to address the gap between the urban and large-scale hydrological modelling 


communities and to contribute to improved integrated risk management solutions to urban floods. WP2 on 


“End-user value”, for which the Swedish Geotechnical Institute (SGI) has been responsible, had the goal to 
 optimize the process and outputs of the project with respect to practical value for relevant end-user 
 categories. This is to facilitate that the flood forecasting meets the specific and concrete needs of the urban 
 users and can be integrated into their existing organizational structures and current use of forecasting.  


To specify the end-user value, SGI used a three-prong or triangulation method to understand the needs and 
 requirements of the MUFFIN end-users. In the MUFFIN case these three methods consisted of 1) an 


international workshop in February of 2017. 2) an end-user survey administered in December 2017 and 3) in-
 depth telephone interviews with end-users in November 2017- February 2018. 


End-users are had differing needs and conditions and thus MUFFIN cannot provide a one-size-fits all solution 
 to the problems of urban flooding. However, are some general conclusions about end-user specifications 
 that can be made from this three-pronged exercise: 


• Local level forecasts and observations geared specifically to local specificities and conditions are most 
 important for end-users but there is also scoped to integrate data at larger scales to complement local level 
 data.  


• End-users prefer data, forecasts and observations of rainfall/flooding at a local level which specific to their 
 conditions, but also request data on a larger scale such catchment areas. National stakeholders were 
 interested in extended geographic coverage of smaller watercourses and non-urban areas. 


• The greatest need for more guidance and information tools on rainfall and flooding was requested at the 
 stage “before the flood”, followed by guidance and tools “after the flood”. But methods to integrate 
 observations and reports during the flood are also important. 


• Accuracy and certainty of forecasts and observations appeared to take precedence over lead time or 
 timing of observations/analysis becoming available, although end-users and stakeholders were reluctant to 
 specify any trade-offs between accuracy and spatial resolution.  


• Visualizations in GIS-formal and web-based visualizations at the different scales would be very useful for 
 end-users. Communication of observations through citizen observations can an important complement to 
 radar and rain gauge data to be further explored.  


• MUFFIN is very ambitious, and the small steps achieved by the project can drive technology forward, even 
 if the project can’t solve all problems in each case study area. 


• Better tools with higher accuracy within meteorological and hydrological forecasting and modelling are 
 needed, and if good tools exist for rainfall and flooding forecasts, end-users will find a way to use them. 


The presentation will show how the MUFFIN case studies, joint experiments and the RainVis visualization 
tool contribute to fulfilling these needs.
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APPETIZER 



RAINVIS: a real-time high-resolution high-intensity rainfall visualization prototype  for Sweden 


Jonas Olsson1, Peter Berg1, Jim Hedfors2, Mats Öberg2


1Research and Development (hydrology), Swedish Meterological and Hydrological Institute, 601 76 
 Norrköping, SWEDEN 


2Division of Climate Adaptation, Swedish Geotechnical Institute, Olaus Magnus väg 35, 581 93 Linköping, 
 SWEDEN. E-mail: jonas olsson@smhi.se 


The MUFFIN Project 


Real-time visualization of rainfall is today provided by many meteorological institutes and companies 
 worldwide. This includes both (recent) rainfall observations, often made by weather radar (Figure 1a), and 
 (short-term) rainfall forecasts by NWP or nowcasting (Figure 1b).  


Figure 1. Examples of visualization of radar-observed (a) and forecasted (b) rainfall. A screenshot from the development of the RAIN-
 VIS tool (c).   


Although these available visualization products are clearly useful for assessing the risk of high-intensity 
 rainfall and subsequent pluvial flooding, from a hydrological perspective a number of limitations may be 
 identified: 


-  Although radar-based rainfall estimates are commonly adjusted towards gauges, to some degree, 
 systematic errors still exist that affect especially long-term accumulations but potentially also single 
 events. 


- Rainfall is presented only at its highest resolution in time and space, without possibility to accumu-
late over relevant temporal and/or spatial domains. 
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 -  Rainfall intensity is given in arbitrary intervals with no connection to established levels or thresholds 


representing e.g. frequency of occurrence. 


In RAINVIS, we have attempted to overcome these limitations as follows: 


-  The radar-based rainfall estimates are more closely adjusted towards gauge observations, repre-
 sented by daily gridded fields, which ensures accurate long-term accumulations (Berg et al., 2016). 


- Concerning spatial resolution, the radar rainfall is averaged over hydrological basins; ~40 000 sub-
 basins covering Sweden with a median size of ~7 km².  


-  Concerning temporal resolution, besides the highest available (1 hour), rainfall may be averaged 
 over durations of 2, 3, 6 or 12 hours.  


- At each duration, the estimated rainfall depth is compared with national Depth-Duration-Frequency 
 statistics (Olsson et al., 2019) to provide an alert when 2-, 10- or 50-year return levels are observed 
 or forecasted. 


-  Furthermore, for multi-hour durations, observations from the recent hour(s) may be combined with 
 forecasts for the coming hour(s). 


The ultimate aim of RAINVIS is to provide the user with the best possible information and decision support 
 both before a flood event (forecasts – for early warning), during the event (observation+forecast – for 
 situation awareness) and after the event (observations – for post-event analysis). Very welcome to have a 
 look at our demo. 
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The FLOODVIEW portal – a web-based prototype for innovative modelling and       visualization of heavy rainfall and urban flood risk 


Jonas Olsson1, Heiner Körnich1, Linus Zhang2, Magnus Ihrsjö3, Mats Alexandersson3, Ramesh Saagi4, Kenneth 
 Persson2


1Research and Development, Swedish Meteorological and Hydrological Institute, 601 76 Norrköping, 
 SWEDEN 


2Water Resources Engineering, Lund University, Box 118, 221 00 Lund, SWEDEN  


34IT AB, IDEON Science Park, Scheelevägen 17, 223 70 Lund, SWEDEN 


4Industrial Electrical Engineering and Automation, Lund University, Box 118, 221 00 Lund, SWEDEN 
 e-mail: jonas.olsson@smhi.se 


The MUFFIN Project 


The FLOODVIEW project, utilizing concepts developed within the MUFFIN project, is aiming to provide a 
 web-based flood control decision support system for municipality managers/decision makers to identify 
 effective solutions to minimize urban flooding. It includes an early warning system through flood forecasting, 
 drainage system impact assessment, low impact development practices, insurance issues and management 
 framework. Three pilot sites at different municipalities from Canada and Sweden are chosen for the study. 


The water sector benefits from deployment of solutions for flood control, decision support and quick market 
 access for water technologies. 


The FLOODVIEW components with a direct link to the MUFFIN project include a prototype of real-time 1-
 hour discharge simulations for Höje River in southern Sweden, which has a history of flooding problems. 


Another envisaged component is a “cloudburst risk estimator”, which uses high-resolution meteorological 
 ensemble forecasts to estimate the risk of high-intensity rainfall in a certain location (e.g. a city), taking into 
 account the spatial forecast uncertainty.  


SMHI/Jonas: description of the Höje Å 1-h forecast prototype and the concept of “rain risk estimation”  


A functional prototype of the frontend application is currently under development. The frontend will be 
 completely web-based and fully responsive to be usable from both computers and mobile clients. From the 
 frontend users are able to search and browse results from various simulations and predictions. Depending 
 on the type of models and data used, the interface will present the results in different ways, but most of the 
 presentations will consist of a combination of maps and charts. 


On the backend side the FLOODVIEW application will fetch data both ad-hoc and on schedule from various 
 data sources, like public API:s, files uploaded to FTP-servers specifically for the FLOODVIEW project etc. 


There are also planned functionality for triggering simulations ad-hoc, storing the output in a database and 
 optionally making the results available for others to view. 


A role-based permission system will be implemented where power users will have ability to trigger 


simulations, upload data and share results with others, while other users will be limited to view results and 
 configure individual alerts etc. There will also be presentations that are publicly available without any login 
 required. Figure 1 show a screenshot of the FLOODVIEW portal 


In addition to above prototype development, with the early warning and flood mitigation concern in mind, 
and in order to understand how these changes will affect the existing infrastructure in urban areas, an 
integrated urban water model is also needed to identify effective solutions to minimize urban flooding. In 
this study, a newly developed urban water model software, the Tokyo Storm Runoff (TSR ) model was tested 
and examined for the small urban area Augustenborg in Malmö, Sweden. 
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Figure 1. Example screenshot from the FLOODVIEW portal: real-time forecasting in Höje River. 
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THEME 2: RAINFALL & ENVIRONMENTAL  OBSERVATION & FORECASTING 



Can  we  trust radar? High-intensity  rainfall in  operational radar 


M.  Schleiss,1 T.  Niemi,2 T.  Kokkonen,2 S. Thorndahl,3 R. Nielsen,3 and J. Olsson,4


1 Dept. of Geoscience and Remote Sensing, Delft University of Technology,  Netherlands 


2 Dept. of Built  Environment, Aalto University, Finland 


3 Dept. of Civil Engineering,  Aalborg University,  Denmark 


4 Dept. of Hydrology, Swedish Meteorological  and Hydrological Institute SMHI, Norrkoping, Sweden 
 The MUFFIN Project  


Today,  several high-resolution  radar rainfall  products for use in hydrology are readily available across the 
 globe. Com- pared with  gauges, radar provides superior spatial coverage, leading to  more insight into  the 
 spatio-temporal  characteristics of rain  events and their  link  to  hydrological  response. But  when it comes to 
 accurately measuring small-scale rain- fall extremes responsible for urban flooding, many challenges remain. 


Large disagreements between radar  and gauges associated and non-linear error propagation  into 


hydrological models  strongly  limit the  reliability of radar  for  local flood predictions. The  hope  is that by 
 moving  to  higher  resolution and making  use of  dual-polarization  errors can be  reduced.  However, each 
 country  seems  to  have  developed  its own strategy  for  this.  Consequently, there is a strong need for an 
 objective, multinational and multiscale assessment of radar’s  ability to  capture  heavy localized rain.   This 
 study sheds more light on this  issue by  providing  a detailed analysis of 4 different  radar  products  in 
 Denmark,  the  Netherlands, Finland and Sweden.  The  top  50 events in  the  observational record for each 
 country  are used to quantify the average disagreements between radar and gauges but also errors affecting 
 the peak rainfall intensities. By comparing different types of radar products (e.g., single vs dual pol, 


composite vs single radar and bias corrected vs uncorrected) and analysing error propagation across scales, 
 important conclusions and recommendations can be drawn as to the use of radar in urban hydrology. 


Data &  Methods 


Using automatic  rain  gauges,  the  top  50 events for  each country were  selected. For each event, the radar 
 pixels around  the  gauges were  extracted  and  aggregated in  time to match the sampling resolution of the 
 gauges. Table 1 provides an overview of the used radar products. 


Denmark: A  single radar product  from a C-band radar 40 km  south of Copenhagen. The radar scans at  9 
 different elevation angles are combined to generate a gridded product at 10 min and 500 m resolution. 


Rainfall  rate R is estimated based  on a fixed  Z-R  relationship Z = 200R1.6. Rain  rate values are corrected for 
 mean field  bias using hourly data from  a network  of 67 rain  gauges. 


Netherlands: The used product  is a 5 min,  1 km  composite based on reflectivities  from 2 C-band radars 
operated by the Royal Netherlands Meteorological Institute (KNMI). Rainfall  estimates are obtained by 
applying  a constant Z-R relationship  given by Z = 200R1.6.  It is adjusted for bias at hourly  time  scales using 
a network  of 35 rain  gauges. 
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 Finland: The  Finnish  radar  product is  an  experimental  product  from  the  FMI OSAPOL-project that takes 
 advantage of dual-polarization  and measurement geometry by combining data from 8 C-band dual-pol 
 Doppler radars. For heavy  rain, rainfall  is  estimated  using  Kdp while  for  low to  moderate intensities  a 
 fixed  Z-R  relation given  by  Z  = 223R1.53 is used. The OSAPOL  is the only product  that  is not gauge-
 adjusted. 


Sweden: The Swedish radar product  uses data from 12 single-polarization C-band Doppler radars. Rainfall 
 rates on the ground are estimated trough a constant Z-R relationship Z = 200R1.5.  The  product  is adjusted 
 for  range-dependent bias. Although  several radars are available, the current system  does  not  take 


advantage of overlapping measurements and only  uses  the  data  from  the  nearest radar  to  estimate the 
 rainfall  rate. 


Table  1.  Radar  products  used in  the  study 


Country  Radar  type(s)  Resolution  Method 


Denmark 
 Finland Sweden 
 Netherlands 


1 single-pol  Cband 
 8 dual-pol  Cband 
 12 single-pol  Cband 
 2 single-pol  Cband 


500 m,  5 min 
 1 km,  5 min 
 2 km,  15 min 
 1 km,  5 min 


Z-R 
 Z-R  Kdp 
 Z-R Z-R 


Results 


Overall agreement between  radar and  gauges 


Figure 1  shows the rainfall  intensities of  radar versus gauges at  the highest temporal  resolution  for each 
 country. Looking at Figure 1, we see strong disagreements between radar  and gauge  estimates, which  is a 
 common problem at high  temporal  resolutions.   The  relative root  mean square errors are between 
 116.4% and 135.1% and the  linear  correlation  coefficients  between 0.72 and 0.83. The multiplicative bias 
 values of 1.59, 1.41, 1.56 and 1.77 show that  radar systematically  underestimates the  rainfall rate  by  41-
 77% across countries. Overall, the  Dutch product exhibits  the best agreement, followed by Finland,  Denmark 
 and Sweden. Differences between countries are hard  to  interpret due to the  many  confounding factors.  


However, the  fact  that the Swedish product  has the lowest performance is likely  due to its  lower resolution 
 of 2 km  and 15 min. Interestingly, the high  500 m  spatial  resolution  in  the  Danish  product does not  seem 
 to  provide  an  obvious advantage over  the  1  km resolution  in the  Netherlands  and  Finland.  One  possible 
 explanation  for  this  could  be  that the  Finnish  and  Dutch products  combine data  from  multiple radars 
 whereas  Den- mark only uses only one. The fact that the Dutch  and Finish products have comparable 


performance is interesting,  since the Finish  product  has not  been bias-adjusted but  relied on polarimetry to 
estimate rain  rates in  times of heavy rain. 
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Figure 1. Radar versus  gauge intensities at  the highest available temporal  resolution  for  each  country. 


Agreement across  scales 


Figure  2 shows the  relative  root  mean square error  and correlation  coefficient of  radar  versus gauges 
 estimates for aggregation time  scales  up  to  2 h. We see  that the  radar products  with higher  spatial  and 
 temporal  resolution  generally  agree better  with the  gauges. Denmark  (500 m  and 5 min)  comes out  on 
 top,  followed by the Netherlands, Fin- land  (1  km,  5 min)  and Sweden  (2  km  and 15 min).   Note that even 
 at  2 h  time  scale, differences  between radar  and gauges remain substantial,  ranging from  65.1% to  85.9%. 


Figure 2. Relative root  mean square error  and correlation coefficients of  radar  versus rain  gauge estimates at different aggregation 
time  scales. 
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 Agreement in  terms  of peak  intensity 


Figure  3 shows  the  peak intensity ratios  between  gauges and radar as a function of aggregation time scale. 


Compared to the average bias which is “only”41-77%,  the underestimation of the peaks appears much larger, 
 in excess of 150-300%. Most  of the  bias is attributed  to  errors at  mall  time  scales of 0-30 min.   The  mean 
 field  bias correction  does  not  seem to  improve performance at  these scales.  The results for  the Danish 
 product  are  particularly   interesting,  as it has the best overall agreement with  gauges in terms of rmse but 
 also the worst performance in  terms of peak intensities, showing that  the ability  to combine radar 


measurements from multiple viewpoints  appears  to  be  more important for  capturing the most intense 
 parts of a storm  than  spatial  resolution. 


Figure 3. Peak intensity  ratios  versus aggregation time scale for  each country. 


Conclusions 


Overall, radar  and  gauges  were in  fair agreement with each other,  with average  biases of 40-80%. However, 
 much larger  discrepancies  of  150-300%  were observed during  the peaks. The spatial and temporal resolution 
 of the radar product  seems to play an important role in determining  the overall  bias  with respect to 
 gauges. But high  resolution alone is not the key to success.  The two best radar products (Netherlands  and 
 Finland)   all  combined data  from  multi- ple  radars  to  help  mitigate  attenuation  in  times  of  heavy rain, 
 performing better  in terms of peak intensities than  the Danish product which has higher resolution (i.e., 500 
 m) but only  used data  from  a single radar.  The rainfall estimation algorithm also plays  an  important 
 crucial  role.   While  the Dutch  used a fixed Z-R  relationship  and corrected for  bias using  gauges, the  Finish 
 achieved similar performance by relying  on polarimetric variables such as Kdp  without bias adjustment. 
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Accuracy of satellite-observed rainfall over Sweden 


Hossein Hashemi, Faculty of Engineering LTH, Lund University  


The SUrF Project 


Precipitation is an important source of freshwater, and its accurate measurement is essential. Over the 
 years, several instruments, i.e., rain gauge, weather radar, and satellite, have been used to measure 
 precipitation. Ultimately, the choice of precipitation data depends on the particular application, the 
 catchment size, climate, and the time period of study. In poorly gauged regions the use of remotely sensed 
 precipitation products is an absolute necessity.  


Rain gauge and weather radar are the most common ground-based precipitation measurement techniques. 


However, both of these instruments have their own set of limitation, particularly concerning spatial 
 resolution and spatial coverage. The Global Precipitation Measurement (GPM) has been providing, since 
 February 2014, high-resolution precipitation data sets with larger spatial coverage relative to Tropical 
 Rainfall Measuring Mission (TRMM). GPM is expected to deliver the more accurate estimation of light 
 rainfall and snowfall, particularly, in the high latitudes such as Scandinavia. However, the evaluation of the 
 performance of the GPM mission is an essential step before the extensive use of its products in 


hydrometeorological studies. Despite the unique spatial coverage, 60 N and 60 S globally, spatial 
 resolution, 0.1  0.1, and advanced retrieval algorithm, Integrated Multisatellite Retrievals for GPM 
 (IMERG), most recent studies have shown that the GPM products show some differences relative the 
 ground-based measurements. Since the GPM algorithm is based upon experiences from TRMM algorithm 
 (TMPA), therefore IMERG is experiencing new sources of error as the measurements have extended beyond 
 the subtropical region where the light rain and snowfall are more frequent. 


Though GPM data product has a higher spatial and temporal resolution, it is quite often found to 
 overestimate or underestimate the true precipitation based on the region, topography, and type of 


precipitation. In order to understand the performance of GPM and its limitations, this study aims to evaluate 
 the GPM products in daily and sub-daily scales against the gauge measurement in Sweden. The results show 
 that the GPM daily estimates perform better than hourly estimates. The satellite data agree well with gauge 
 data concerning the correlation coefficient. In the case of error analysis, such as MEA, RMSE, POD, and FAR, 
 the daily estimate outperforms hourly estimates. The results also show that the satellite sensor is 


experiencing detection issues at the southwestern coastline of Sweden in both daily and sub-daily scales. 


This might be related to the common precipitation type and temporal measurement issue with the GPM 
 core observatory (three-hourly) in this area. Overall, satellite performance relative to ground-based 


measurement shows less accuracy in the coastal regions. These errors can be attributed to many factors like 
the influence of wind, weather system, and the gap between satellite revisit of any given spot. Therefore, 
further research is required to adjust the satellite data based on the investigated error.  
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Use of weather radar in the water sector in Denmark; what can we learn? 


Søren Thorndahl1, Malthe Ahm2, Rasmus Nielsen3, Christoffer Bang Andersen4, Jesper EllerbækNielsen5, 
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The MUFFIN project 


The interest in applying weather radar data for urban hydrological purposes has increased significantly in 
 recent years in Denmark. Until now radar data has only been applied in research or development projects, 
 but operations and services in urban hydrology are impending. Potential users of quantitate precipitation 
 estimates from weather radar counts water utility services, municipalities, consultants, authority, research 
 institutions and more. Potential usage of radar data covers both offline applications such as (Thorndahl et 
 al., 2017):  analysis and statistics of rainfall, reanalysis of damaging extreme events, insurance claims, 
 management purposes, e.g. design or urban hydrological systems, as well as online applications such as 
 severe rainfall warning systems, flow/flood warning based on online hydrological models, real time control 
 of urban hydrological systems, etc.   


In 2018 the largest water utility services in Denmark along with research institutions and private companies 
 to was funded the project : “VEVA” (in Danish: VEjrradar i VAndsektoren) with the overall purpose to 


promote the application of weather radar data in the Danish water sector (www.veva.dk). The objectives of the 
 project are to:  


• Create an open standard for use of radar data for hydrological and hydraulic purposes, 


• Create a widely applicable quality controlled and adjusted data format,  


•  Develop and maintain data information models and data formats, 


•  Have expert knowledge and experience on use of radar data in the Danish water sector, 


• Promote continuous research and development in use of radar data. 


Danish radar data both cover X-band radars (primarily owned by water utility services) and C-band radars 
 (owned and operated by the Danish meteorological institute). The VEVA project includes both types of 
 radars which individually have different specifications and pros and cons (see e.g. Thorndahl et al. (2017). 


Figure 1 shows an example of Danish radar data. 
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Figure 1: Example of data from the Danish Meteorological institute radar in Virring, Denmark on May, 10, 2018. The example shows a 
 narrow convective storm over the city of Vejle where almost no rain was recorded in the rain gauge network, but the radar recorded 
 up to 20 mm of rain during a few hours. 
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Experiences of X-band weather radar in Skåne 


Nicholas South, VA SYD 


VA SYD, Box 191, 201 21 Malmö, Sweden E-mail: nicholas.south@vasyd.se   


The Radar Project 


The purpose with the test period was to obtain an in-depth conclusion on how an X-band weather radar 
 facility could be implemented at VA SYD, including data quality control and validation. The following parts 
 constitute the report:  


•  A literature study and an evaluation of the critical parameters for a weather radar facility  


•  An evaluation with proposed sewerage system and wastewater treatment plant applications of the 
 weather radar data  


•  Validation of the radar data  


VA SYD has collaborated with the Faculty of Engineering at Lund University (LTH), Sweden Water Research 
 (SWR) and the Swedish Meteorological and Hydrological Institute (SMHI) in this project. VA SYD and SMHI 
 made an analysis of the technology and localized a test site with ideal conditions for the first X-band weather 
 radar facility in Sweden to be on the top of the Dalby water tower outside the city of Lund. The X-band radar 
 offers higher resolution when compared to SMHI’s C-band radar. The weather radar was in operation 
 between 2018-07-03 and 2018-09-12. In addition to precipitation data from VA SYD, the Trelleborg 
 municipality has contributed their precipitation data.  


The study included an analysis of processed radar data from Informatics (IT-supplier) and LTH, and from VA 
 SYD´s rain-, flow-, and sewerage overflow gauges. Four precipitations events from August 2018 have been 
 studied in which different data sets, including rain gauge data in Trelleborg municipality, have been 
 analysed. LTH processed and validated the radar data with a Matlab code while Informatics used a Python 
 code.  


The weather radar facility recorded precipitation on several occasions in August 2018. In particular, the 
 event in Trelleborg on the 11th of August recorded a cloudburst event with local differences in accumulated 
 rain amounts (0-15 mm), which was confirmed and illustrated with the radar. However, some differences 
 were observed between the recorded amounts of precipitation by the rain gauges relative to radar 


estimates. This shows the importance of accurate rain gauge measurements, as well as calibrating the radar, 
 as the first steps for the future facility.  


The study indicated that the X-band radar could provide VA SYD with a future warning system with a margin, 
 at best, of 0,5-1 hour. A collaboration with the HOFOR/BIOFOS facility in Copenhagen could extend the 
 observational range of the radar further, based on the condition that most rain fronts come from the west. 


The next step would be to initiate a project where the X-band radar will be integrated with other methods of 
 precipitation measurements, both observational and prognosis tools. 


The weather radar in Dalby will measure precipitation in the southwestern part of Skåne from 2019, when a 
 permanent facility will be installed.  


The weather radar technology will become a key component in a future warning system, which would 
benefit the customers of Swedish water utilities.  
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The INXCES Project 


In Bucharest, a dynamic city, the consistently development of ground and underground works is associated 
 to groundwater dynamic changes. These impact the stability of the ground surface and can produce 
 subsidence. Using Sentinel 1 data for the period of October 2014-April 2018, the Norwegian Geological 
 Survey produced a map of vertical displacements for Bucharest by applying PSInSAR technique. Figure 1  
 presents the PSInSAR map obtained using Sentinel 1 data from ascending orbit 131. This map was used to 
 identify the city areas where subsidence is encountered. Hence, 13 areas with subsidence trends were 
 identified (see Fig.2). The comparison of these results to other vertical displacement maps for the historical 
 periods 1992-2000 (ERS data) and 2002-2009 (ENVISAT ASAR data) processed in the frame of INXCES project 
 as well as to the results of several previous projects studying the vertical ground dynamics of the same area, 
 revealed additional areas showing subsidence trends since the beginning of the 90s. Five of these areas have 
 been identified in the frame of PanGEO project (Vîjdea și Bindea 2013).  


Fig. 1- PSInSAR ground deformation map of Bucharest       Fig. 2- Identified subsidence areas in Bucharest 


For 2014 – 2018 time period an area marked on the map as Cotroceni_04 has been identified as presenting 
only subsidence. At the end of 2015 a collapse of the terrain occurred, as a Tunnel Boring Machine (TBM) 
was crossing this area for the construction of a new subway line. The alluvial matrix, affected by the 
groundwater barrier effect produced by the extensively channelized Dambovita River and another subway 
line, collapsed. Poor studied geological and urban hydrogeological aspects, largely contributed to this 
accident. As a consequence, many buildings of this area were damaged, even the ground surface was 
registered as being stable during the previous monitoring periods.  
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 Other three new observed areas affected by subsidence are newly built areas. For these, two hypotheses are 
 considered: the lack of subsidence trend shown by the previous periods (the subsidence trend could not be 
 observed due to the vegetation coverage) or the areas were previously stable, meanwhile the constructions 
 development process broke this stability. Beside these particular areas, a subsidence trend could be revealed 
 along Colentina River, one of the rivers crossing the city.  
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APPETIZER  



Subsidence in urban areas measured by InSAR (Sentinel1) related to flooding 
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Rapid changes in the urban environment due to growth puts the urban water cycle out of balance, hence, 
 affecting other surface and subsurface processes, such as subsidence and surface water management. 


Subsidence of the ground is causing risk and hazard, as well as unexpected costs. This newly, November 
 2018, launched tool InSARNorge is Open Access and part of the Copernicus program.  


Figure: Subsidence in three cities in Norway. Some areas clearly show subsidence, indicated by red points. The Bryggen (Wharf) in 
Bergen has now stabilized due to mitigation, such as SuDS. www.insar.ngu.no  
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