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Hello, thank you to SLU Vatten for the invitation. Before I start, I want to say that I took this as an opportunity to showcase our department of Landscape Architecture, Planning and Management at SLU Alnarp on this topic – so the talk is a bit of a smorgasbord of examples. 
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We need more research on
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Second, as I was going through the scope of research that we do, I realize that most of our work has been on the ”green” part of blue-green infrastructure, that is, terrestrial vegetation and soils – though often with a motivation of improving water resources and downstream aquatic ecosystems. In any case one of my take-homes is there is a clear need for more work on urban aquatic ecosystems like the one shown here, and how they tie in to an overall urban infrastructure.



Climate change is an existential threat to many cities, and this 
threat is intertwined with the water cycle

Major CC threats
1. Sea Level Rise
2. Flooding
3. Drought, loss of crops
4. Heat waves
5. Storm water runoff 

causing pollution

https://www.sciencenews.org/article/waters-rise-coastal-megacities-mumbai-face-catastrophe

Adaptation i needed, for cities to be able to deal 
with the effects with minimal damage (resilience).
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Cities are particularly vulnerable to many of the pressures brought on by a changing climate, primarily because -many cities are built on large water bodies, and this makes them more vulnerable particularly to flooding exacerbated by rising sea level or high river water following large storms-high concentration of people and infrastructure making any accident more impactful-Cities have typically already lost much of their green space/ecosystems and the associated ecosystem services, including regulating services like evapotranspiration and associated cooling, water infiltration, nutrient retention, and so on.



Grey infrastructure – stormwater capture tunnel, Milwaukee, WI
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Presentation Notes
A traditional approach to dealing with the issue of stormwater runoff, which tends to be very high from all of the hard surfaces in cities and can result in both flooding and degraded water quality from combined sewer overflows, is to build up so-called grey infrastructure like this several km long water capture tunnel. But these tend to be super expensive and serve only a single purpose.



Urban (blue)-green infrastructure provides multifunctional benefits

• Multiple ecosystem services from the 
same structure in the same space

• Stormwater runoff mitigation
• Flood reduction
• Improved water quality – nutrient and 

metals removal
• Reduced Urban Heat Island Effect
• Reduced greenhouse gas emissions
• Wildlife Habitat Creation
• Noise and Air Pollution Reduction
• Psychological Effects
• Creation of social/community/recreation 

spaces
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Another approach is urban BGI, which is a distributed approach to the problem, typically involving nature-inspired solutions like raingardens, artificial wetlands, street trees, urban forests or green roofs, all of which serve to retain or detain stormwater runoff at the ground surface, thereby delaying runoff during storms and reducing overall runoff by promoting infiltration and evapotranspiration.  Several of the clearest goals of urban BGI involve stormwater runoff management, for flood prevention and improved water quality, but also increasing evapotranspiration to contribute to alleviating the urban heat island effect. Although these are clear potential tools for climate change adaptation, there are many other needed ES that can also potentially be fulfilled by these elements..



SLU’s LAPF department is attacking the challenge of urban 
water resilience from different angles, in teaching and research

• Climate change – landscape in 
transition (Kristina Blennow)

• Challenges of the city                              
(Ann-Mari Fransson)

• Green-blue infrastructure             
(Scott Wahl)

• Green roofs – basic concepts and 
application (Tobias Emilsson)

• Dynamic Vegetation Design (Björn 
Wiström) 

• Design research on urban water 
landscapes (Lisa Diedrich)

• Etc. Photo courtesy Lisa Diedrich
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Now I would like to highlight a few of the different ways in which members of the Landscape Architecture, Planning and Management department (LAPF for short, in Swedish) at SLU Alnarp, are contributing to this theme.For example, we have bachelors and masters level courses on “Climate Change – Landscape in Transition”, “Challenges of the City” which includes a module on climate change adaptation, “Green-Blue Infrastructure”, and Dynamic Vegetation Design with a module on design for wetlands and other aquatic areas. We also have a program of design research which trains new landscape architects particularly to have an awareness of, and to take advantage of, existing water features in the landscape and incorporating these when urban landscapes are redesigned (Lisa Diedrich).



Example #1: Street trees in a changing climate (Tobias Emilsson & 
Colleagues, Formas project)

Karlavägen, Stockholm 
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There are also a number of department research projects on this theme. For instance, Tobias Emilsson and colleagues are currently running a project screening new street tree species and varieties for a changing climate, as well as testing different designs of tree planting pits and their influence on stormwater runoff. These images shows the start of the renovation at Karlavägen in stockholm The primary aim here is to improve the performance of the street trees but also to infiltrate stormwater in the planting pit. The approach uses a structural soil with crushed stones mixed with biochar and compost, and the plots are installed with sensors for soil moisture, temperature and water column depth, to give an estimate of water storage capacity, as well as a basic understanding of the hydrologic dynamics. These installations will not solve the entire problem of urban stormwater runoff but are a component in the treatment train, that can help reduce and delay urban runoff.



Example #2: Development of
Blue-green-grey systems 

(Ann-Mari Fransson & 
colleagues)

• Collaboration between EDGE and SLU

• Raingardens, open reinforcement layer
and subsurface irrigation modules

• https://bluegreengrey.edges.se/

Rest till bäst project: Biokol.org
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Another colleague, Ann-Mari Fransson, has collaborated with EDGE, a landscape architecture, engineering and design company on the development of a Blue-green-gray system for retaining, cleaning and reducing storm-water. The systems include raingardens, where runoff water is led either to the planting beds in order to percolate throught the substrate or to the open reinforcement layer were it may be stored temporarly or used to irrigate plantations from below. Ongoing research in Rosendal in Uppsala looks at the levels of pollution reduction by these systems, and the relation between the amount of water managed by the system and the effects on the trees.Again, a key component is the engineered structural soil which can both support rapid drainage but also retain water to sustain the plantings – and one of the exciting aspects is testing the use of biochar as an additive to help increase water holding capacity.



Example #3: Research on hydrological and biogeochemical function in 
Green Roofs – novel engineered ecosystems, simple catchments

Pataki et al., 2011 (Frontiers in Ecology and the Environment)

?
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I will spend a few slides now talking about one of my own group’s research lines, which involves the study of green roofs as urban engineered ecosystems. This was begun at the University of Cincinnati in the US where I was previously, and continues now at SLU.I was inspired by a synthesis paper which noted exceptionally high uncertainty regarding biogeochemical function in urban green spaces, and that they could either perform positive ecosystem services or negative dis-services – often coupled to water resource impacts. I found that green roofs made a valuable study system for many related questions. Green roofs are simple engineered ecosystems, and they make excellent model study systems for ecosystem science, because they are relatively small, well-bounded, can be replicated, and one can measure input-output budgets as they are simple catchments. They are also becoming increasingly common in many cities as a part of an urban green infrastructure portfolio – for instance, you see the picture here from Stuttgart Germany, where fully 20% of the flat roofs in the city have been constructed with green roofs.



Green roofs delay and reduce stormwater runoff 
Civic Garden Center Roof, Cincinnati, USA

Example rain event (12mm)
Plot-scale experiments

Clear runoff reduction, 50-70% on annual basis: Our group and many others.
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By now there has been considerable research on runoff reduction from green roofs, and this has shown that green roofs consistently delay and reduce runoff water flows during storms. Depending on the roof design and the climate, water retention can vary considerably for individual storm events, but in temperate climates the average annual retention is generally between 50% and 70%, that is, less than half of the incoming precipitation ends up as runoff – good news for cities concerned with stormwater runoff.Here you see a few examples of results from our group showing runoff reduction from green roofs at the plot scale on the left, and on the right, hydrographs from a series of thunderstorms during a warm summer afternoon. Runoff from the green roof is slightly delayed relative to the traditional shingled roof, peak runoff rate is dramatically reduced, and total runoff amount is reduced by 60% compared to the traditional roof.



Average Effluent NH4
+ Concentration

Biochar in green roof substrate increases 
water retention and reduces NH4

+ and PO4
3-

leaching loss (Goldschmidt et al. 2018)

Green roof design and climate play a strong role in the impact on runoff water quality

Biodiverse plots MUCH better at 
holding N (Johnson et al., 2016)Seasonal variation in runoff 

nutrients (Buffam et al. 2016, 
Buffam and Mitchell 2015)
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In terms of the direct water quality impact due to changing runoff water chemistry, to give a few examples from our research program, we found in long-term monitoring studies of several green roofs that the runoff fluxes of C, N and P could be quite high, especially for phosphorus, and were also highly temporally dynamic, often reaching peaks during the summer months. Dissolved organic carbon could also be quite high, to the point where we really didn’t need to run the analysis in the lab, we could just look at the runoff and give a good guess at the level from the tea-brown color!The concern over potential negative impacts of the leaching out of nutrients and organic matter from green roofs has led to a lot of interest in managing the design of these engineered ecosystems differently, and we have carried out a number of experiments along these lines. For instance, we tested biochar as an additive to the engineered soil, and found that it can increase water retention and reduce the leaching loss of ammonium and phosphate. And we also found that plots with higher plant species richness are slightly more productive, and are at the same time MUCH better at holding nitrogen – thus reducing N leaching in runoff.



Current Project: How do ecosystem services provided by green roofs develop over the 
long term as a function of changes in soil and plant communities? (Formas 2020-2022) 

Substrate N Content (%) Substrate N Pool (g m-2)

Mitchell et al. (In Revision, Ecological Engineering)

Carbon sequestration?

Experimental Design: Chronosequence Isolating Long Term Changes in Nutrient 
Pools and Export  (N=15 roofs, Malmö, Sweden) (Soon in Stockholm, Helsinki)
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Since moving to Sweden I’ve continued to work with colleagues in this vein, and we currently have a project looking at how green roof ecosystems change over time. Given that the assumed lifespan of green roofs is 50 years or more, we need to understand how these ecosystems will function not just years, but decades into the future. We’ve found, for instance, that the roofs are a sink for Nitrogen, rapidly sequestering N over time. This impacts local nutrient cycling, a supporting or regulating service that can improve both air quality and water quality in cities. The results for C and P were similar but more variable, and we also have some initial indications of increasing water holding capacity as the roof’s engineered soil develops over time – which would help to reduce runoff amount.



Scaling up: NICE - Innovate and Enhanced Nature-based Solutions for 
Sustainable Urban Water Cycle (EU H2020, Neil Sang & colleagues)

• Lead : Fundación
Centro Tecnológico
de Investigación
Multisectorial
(CETIM, Spain) 

• SLU Lead WP 6 
Modelling of NBS 

• Budget: Approx 5 
Million Euros.
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Experimental research projects like those I have shown, often have the weakness of requiring upscaling to be management relevant, and this is where GIS and spatial modeling expertise becomes critical. Neil Sang in our department is working specifically on this topic, and has worked with local communities modeling their climate resilience based on flood risk modeling in different urban planning scenarios. He also has a recently started EU Horizon 2020 project where he leads the modeling effort, developing software to estimate effects of different green infrastructure elements on managing urban stormwater runoff and water pollution at the landscape scale. The project involves 14 partner institutions and includes cities on 4 continents, and it will be exciting to see how that upscaling and synthesis project develops. 



Natural conditions

Societal context
Biophysical

Functional/
Performance

Ecosystem
service

Benefit

Value

Governance framework

ACTIO
N

S

PRESSUREPolicy, planning, design, 
implementation, 

management

Developed based on Andersson-Sköld et al. 2017

“Cascade Model” of Ecosystem Services
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Even with upscaling, to implement actual change at large scales in cities, there are key parts of the system which I haven’t really talked about at all, and that is the people themselves – the actual and perceived benefits that city-dwellers accrue from the urban green infrastructure, the way that they make their opinions heard by putting pressure on the decision-makers, and the way in which the powers that be change policies, which will ultimately result in changes to the biophysical setting, cascading down to enact the desired ecosystem services, if all goes as planned.Those relationships are depicted here, in the “Cascade Model” of Ecosystem services, this is a complex, cyclical system of relationships, dynamic and with many interdependencies and potential feedbacks.



Addressing Governance of Urban Sustainable Stormwater Management –
Challenges and Interdependencies (Thomas Randrup & colleagues)

Governance challenges

• Lack of funding 
• Lack of knowledge
• Lack of space
• Lack of private 

stakeholder 
involvement

• Unclear leadership 
and responsibility

• Lack of evidence on 
SSM efficiency

• Lack of legislative 
support

• Lack of SSM standards

Qiao et al. 2018, 2019, 2020
Xiu-Juan Qiao PhD Thesis
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The study of governance and management of urban green-blue spaces is a key piece of the puzzle, and is the focus of Thomas Randrup’s research group at our department. here I show an example of some of their work particularly relevant to urban water resources. This is the recent PhD thesis of Xiu-Juan Qiao, who studied sustainable storm water management with a governance perspective, inspired by the literature where recent studies have concluded that ’the real’ problem in implementing new sustainable solutions is often governance related. �The study revealed some of the key challenges include lack of resources and lack of knowledge, especially about long-term efficiency and costs of blue-green infrastructure, lack of space, and lack of stakeholder involvement, leading to insufficient ownership of new solutions. Unclear leadership and responsibilities and lack of supportive legislation were also key challenges. 



Transdisciplinary Project: How can we design blue-green urban landscapes for a 
balanced array of ecosystem services supporting the UN SDGs? (Formas, 2019-2020) 

Ode Sang et al. in review, Gamstetter et al. 2020

Cincinnati

Addis Ababa

Malmö

Approach: Foundational
studies in cities with 
different natural conditions, 
societal context and 
governance framework
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The closest I have come to a more holistic, system-wide study of urban BGI was a recent transdisciplinary planning project examining how urban green infrastructure can provide ecosystem services supporting the UN Sustainable Development Goals, for 3 different pilot cities in the U.S., Sweden and Ethiopia, varying widely in natural setting, societal context and government framework. We organized the project conceptually around the Cascade model of ecosystem services, and thus it is highly transdisciplinary. (NEXT SLIDE)



Transdisciplinary Project: How can we design blue-green urban landscapes for a 
balanced array of ecosystem services supporting the UN SDGs? (Formas, 2019-2020) 

Ode Sang et al. in review, Gamstetter et al. 2020

Governance

Planning 

Landscape architecture

Environmental Psychology

Ecology

Management 
Human ecology
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We had different sub-teams working on the natural conditions or biophysical performance, on the societal context and how people value different blue-green elements in the city and which services are most important, and on the governance and decision-making frameworks that determine green infrastructure policy and management. This transdisciplinary aspect was very exciting to me and really opened my eyes to many important parts of the system that I had never really considered before.
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Just to give a quick glimpse of one of the take-home messages from the study, this table summarizes the current provision, and future priority and need for a whole suite of ecosystem services, as assessed by expert stakeholders in each of our three cities. Here I highlight just the regulating and supporting services, and we can see that stormwater management, climate adaptation, and biodiversity were identified as consistent high priorities across the cities, in spite of the widely varying local context.



Challenges and potential ways forward

• Urbanization and climate change lead to complex interrelated challenges in 
cities that can’t be solved by single disciplines

• Ecosystem Services = useful framework 
• Research is needed:

• of whole systems
• at multiple spatial scales
• long-term
• across disciplines and domains (technical, social, ecological)
• at different locales/regions in different climates for comparison
• Involving policy-makers and other stakeholders

19
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So where does this leave us? It is clear that urbanization and climate change together present a set of complex interrelated challenges in cities, some of which can be solved with the help of a thoughtful blue-green infrastructure strategy. Ecosystem Services is one useful framework for thinking about this challenge and the potential tradeoffs or synergies of different strategies for achieving multiple benefits from the same space.This is kind of the fall-back mantra of the ecosystem scientist so I hope you’ll excuse me for that, but I think that what is most needed is to embrace this complexity and tackle this research with transdisciplinary systems thinking and approaches. We need consistent long-term research studies which are of whole systems and at multiple spatial scales. And we should also directly involve stakeholders including policy decision-makers in projects. 



What about: Transdisciplinary Urban LTER with water focus

20

Thank you!
ishi.buffam@slu.se
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In short, the study of water resource mgmt. and climate adaptation in cities can be better understood when considered as part of a complex Social-Ecological-Technological system, and thinking big and holistically – and what I would really hope to see is the development of Urban LTER type programs in Sweden with a water focus. I see a lot of promising signs here at SLU. I am really happy to see programs like SITES and the role they are playing in supporting long-term and comparative research. I also appreciated Brendan McKie in his talk noting that they have established a standardized research infrastructure for sampling buffered and unbuffered stream reaches in the urban environment around Uppsala – this is just the kind of thing we need more of, and to be most efficient, we should take advantage of such investments by studying many different aspects of these ecosystems.I also see that we have a very wide-ranging set of strengths in water research here at SLU, many of which have been highlighted here at this forum. I think it would be exciting to assemble those strengths towards better understanding of urban ecosystems. So, I hope that we will get the opportunity to work on some of these challenges together, as we proceed. Thank you!
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