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Urban stormwater management faces increasing pressure due to climate change and 

urbanization, which can intensify precipitation patterns and increase the risk of flooding. 

Nature‑based solutions (NBS) offer a sustainable alternative to traditional grey 

infrastructure, while providing additional ecosystem benefits.  

This thesis presents a multi‑criteria framework designed to identify suitable locations for 

implementing NBS for stormwater management in Lappeenranta, Finland. The framework 

includes a set of criteria and scenario‑based weighting, allowing the evaluation of thirty sites 

across the city. The results show that the most suitable areas were those capable of providing 

multiple benefits, such as reducing flood and sewer loads and strengthening green 

connectivity, rather than locations facing a single dominant challenge. A recently built 

nature-based solution in the city was also evaluated. Although it did not rank among the top 

sites, it is located near an area with stronger overall performance.  

The framework demonstrates strong flexibility and replicability and can support urban 

planners in prioritizing NBS locations to enhance urban resilience and sustainability. 
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1  Introduction 

The increase in the frequency and intensity of precipitation is a widely recognized 

consequence of climate change (IPCC, 2023). However, instead of falling as snow, an 

increasing share of winter precipitation has already begun to fall as rain even in the Arctic 

(Bradley et al., 2025) and this shift is expected to be even more pronounced in the Nordic 

countries in the coming years (Räisänen, 2021). As precipitation intensifies, urban areas with 

a high proportion of impermeable surfaces must ensure that drainage systems are adequately 

designed to prevent the generation of polluted runoff, which can be transported into nearby 

water bodies and cause significant harm to the environment. Existing drainage systems, 

however, often consist of grey infrastructure, which were designed to handle past 

precipitation patterns and may lack the flexibility to handle future precipitation levels and 

unpredictable rainfall or snow melt events (Johns, 2019). As a result of that, cities face the 

risk of sewer overload, floods, and discharge of untreated and polluted water into receiving 

water bodies. 

 

An alternative to expanding conventional grey infrastructure, usually impervious 

infrastructure containing pipes and pump stations (Johns, 2019), to improve stormwater 

management in cities are solutions which integrate natural aspects and provide multiple co-

benefits. Also addressed in literature as green or blue infrastructure, nature-based solutions 

(NBS) have been increasingly applied in urban areas to reduce flood risks, enhance water 

retention and infiltration, and support local sustainability goals. In addition to stormwater 

management, NBS can contribute to the conservation of local biodiversity and regulate 

temperature, among other ecosystem services, which address multiple urban challenges and 

add green and recreation spaces to cities (European Commission, 2024). 

 

Despite their potential and clear benefits, the implementation of NBS in urban areas can be 

a complex process. Urban planning requires balancing land use, regulatory constraints, 

technical feasibility, financial limitations, and the interest of stakeholders, including 

residents and decision-makers (Albert et al., 2020). The identification of areas suitable for 

the new infrastructure can be challenging, as it depends on a combination of spatial, 

hydrological, ecological, and social factors. For example, areas which present a high flood 
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risk may not have available land, while available sites may not be near the most urgent 

hydraulic issues. Additionally, NBS can be perceived as expensive when its co-benefits are 

not taken into account (Biasin et al., 2024), therefore the selection of a location requires a 

structured approach which takes multiple criteria into account rather than focusing on a 

single performance goal. 

 

Studies have previously been conducted to develop a prioritization framework for the 

implementation of NBS on pre-identified areas (Alves et al., 2024; Simperler et al., 2020). 

While such approaches can provide valuable insight on a local level, they may not consider 

additional suitable sites in the city. Additionally, the criteria and methodology can vary 

significantly according to the context of the study, which can limit comparability and 

transferability.  Therefore, there is still the need for an adaptable and city-wide assessment 

framework that enables municipalities to identify and evaluate multiple potential areas and 

prioritize them based on the benefits they provide and local constraints. By applying a 

criteria-based framework to areas distributed across the city of Lappeenranta, this study 

contributes to more strategic and comprehensive urban stormwater planning. 

 

Two research questions are addressed in this study:  

• How can a framework be developed to evaluate the suitability of different areas in 

Lappeenranta for stormwater management NBS?  

• How does the existing NBS location in Lappeenranta align with the results produced 

by the criteria framework?  

 

Considering the research questions raised, the aim of the thesis is to support decision making, 

taking into account local environmental and infrastructural characteristics to assess the 

feasibility of NBS for stormwater management in a study area, while establishing a 

framework designed for replication in other regions. The framework developed is applied to 

the City of Lappeenranta, and a site hosting a NBS in Sammonlahti is assessed and validated. 

This thesis begins with an overview of urban stormwater management, addressing both 

conventional grey infrastructure and NBS. The latter is then reviewed in depth, having its 

sustainability benefits identified as well as the challenges faced in the implementation of 

said solutions. Examples of NBS in the Nordics are then presented, followed by a review of 

existing assessment frameworks developed to identify suitable sites for implementation. 
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Building upon this foundation, a criteria-based framework is developed, designed to respond 

to local characteristics while maintaining replicability. The framework is applied to thirty 

sites across the City of Lappeenranta, resulting in the identification of the five most suitable 

areas, and a discussion of how an existing NBS performed under the criteria evaluation. A 

sensitivity analysis is conducted to assess the robustness of the results. The thesis concludes 

with a discussion of the findings and their implications, followed by final conclusions and 

recommendations for future research. 
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2  Urban stormwater management 

Stormwater can be defined as “water from rain and snowmelt flowing along streets and 

property surfaces.” (Vesi.fi, n.d.). When in contact with soil, precipitation water is usually 

filtered and continues its path within the water cycle. Urbanization, however, has caused a 

stress on the natural flow by increasing the area of impervious surfaces and therefore 

preventing it from infiltrating the soil (Shrestha et al., 2021). Due to most of the land 

coverage in urban areas being impervious, over 90% of rainfall can become runoff (Bell et 

al., 2016). Additionally, human activities in urban areas of all sizes are responsible for 

releasing significant amounts of pollutants into the atmosphere (Liang and Gong, 2020), 

which get absorbed and carried out by stormwater. Pollutants also set in snow piles during 

winter and get carried with the snowmelt runoff (Yan et al., 2024). Urban hydrology is a 

relatively new field of study, and as such, the full extent of the impacts of urbanization on 

the water cycle is still being discovered (McGrane, 2016). Nevertheless, the latest climate 

assessments indicate that an increase in heavy precipitation is likely to happen as a result of 

human activities (IPCC, 2023), which will further increase challenges related to stormwater. 

 

Different types of urban environments can impact on the severeness of stormwater-related 

issues. The increase in impervious surfaces for example, when combined with geographic 

aspects of cities such as catchment areas, may turn an area with previously low occurrences 

of stormwater issues into an overflow- or flood-prone area (Szeląg et al., 2022). Such 

affirmation is confirmed by the combination of catchment areas and rainfall being addressed 

in literature as one of the most important factors in stormwater quality (Liu et al., 2013). 

Other geographic aspects such as river-valley morphology can further make areas prone to 

floods (Van Appledorn et al., 2019), making cities established in such locations more 

vulnerable.  

 

Water contamination and floods are recognized by Gülbaz and Kazezyılmaz-Alhan (2017) 

as the main consequences of urbanization, both issues being attributed to stormwater. The 

characteristics of urban stormwater include suspended sediments (Yan et al., 2024), nutrients 

such as Nitrogen and Phosphorus (Yunus et al., 2025), heavy metals (Yang et al., 2025), oil 

and grease (Kent et al., 2025), and microplastics (Wei et al., 2023), among other pathogens 
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(Steele et al., 2025) and pollutants originating from traffic and other anthropogenic activities. 

When reaching water bodies or groundwater, stormwater carries said pollutants which can 

cause bad odors (Sun et al., 2024) and contribute to major environmental impacts, such as 

eutrophication, and those resulting from ecotoxicity (Brudler et al., 2019), such as ecosystem 

damage and species loss (Oginah et al., 2023). Figure 1 presents graphically the difference 

between the water flow in pre-urban and urban environments, with a visualization of how 

stormwater reaches waterways. 

 

 

Figure 1. Comparison of water flows in pre-urban and urban areas (Fletcher et al., 2024). 

 

Stormwater, however, can be considered a resource rather than a hazard (Cousins, 2018). 

Harvesting stormwater has been proved to have many local benefits and improve water 

security even when the water is not used for potable purposes (Fisher-Jeffes et al., 2017; 

Fletcher et al., 2024), while treating stormwater has the potential to make it usable in even 

wider range of applications (Shoja Razavi et al., 2024). Additionally, methods such as 

rainwater harvesting can reduce the formation of stormwater and prevent floods, helping 

mitigate the stormwater issue while also contributing to the reduction of water stress and 

climate change adaptation (de Sá Silva et al., 2022). Such harvesting applications have 

already been tested, one example using stormwater for irrigation in Italy, and preliminary 
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results indicate that replication is possible in diverse environments and for varying water 

demands (Maglia and Raimondi, 2025).  

 

The IPCC report (2023) predicts an increase of heavy precipitation in Northern Europe, also 

confirmed by Benestad et al., 2025 through a climate downscaling study which forecasts 

similar or fewer number of wet days in the Nordics accompanied by more intense rainfalls. 

Although academic literature on current stormwater-related challenges in Northern Europe 

is relatively limited (Gimenez-Maranges, 2020), and societal vulnerability models cannot be 

developed due to the declining population (Tesselaar et al., 2023), the implementation of 

several EU-funded projects aimed at managing and mitigating stormwater runoff indicates 

that the region is already facing challenges. Projects like Urban Storm (2023), MUSTBE 

(Central Baltic, 2026), City Blues (Interreg Baltic Sea Region, 2026a), and BALTFLOODS 

(Interreg Baltic Sea Region, 2026b) all have similar goals: to reduce polluted stormwater 

discharges and better respond to floods, often through the implementation of innovative 

infrastructure. 

 

Urban stormwater challenges are addressed through stormwater management 

infrastructures. The European Union’s Urban Wastewater Treatment Directive, adopted in 

1991 and revised in 2025 to address new challenges, mandates that Member States 

implement wastewater collecting infrastructure and treatment plants. Among the 

requirements of the new Directive are: the collection and treatment of wastewater in urban 

areas with more than a thousand inhabitants, the removal of nutrients responsible for 

eutrophication and micropollutants, the latter falling into the extended producer 

responsibility and therefore becoming responsibility of the sectors responsible for the 

pollution, monitoring of wastewater for health parameters, and making treatment plants 

energy-neutral while reducing their GHG emissions by 2045. Stormwater management also 

falls under the Directive, as the increase of overflows and runoffs directly impact wastewater 

management infrastructure, and solutions to reduce such source of pollution are required to 

be defined at local level. Additionally, article 5 of the Directive requires Member States to 

establish integrated urban wastewater management plan for drainage areas of concentrations 

of 100 000 p.e. and above (Directive 2024/3019). Some of the requirements can therefore be 

supported through the implementation of a range of infrastructures, the most common being 

grey, green, and blue-green infrastructures. 
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2.1  Grey infrastructure 

Grey infrastructure is the most common type of infrastructure used in urban areas to prevent 

stormwater-related issues such as floods (Chen et al., 2021). Also addressed as traditional 

infrastructure in literature (Alves et al., 2019), it is impervious and consists of the use of 

pipes, pump stations, and detention tanks which collect the stormwater (Johns, 2019; Chen 

et al., 2021) and often conveys it to water bodies during overflow events (Jean et al., 2022), 

resulting in pollution and therefore degradation of the water quality (Dhakal and Chevalier, 

2017). Grey infrastructure is often criticized due to its negative impacts, one example of it 

is the lack of permeable surfaces, which prevents rainwater from infiltrating the soil and 

replenishing groundwater resources and resulting in it mixing with polluted runoff (Dhakal 

and Chevalier, 2017). The capacity of grey infrastructure is also a concern with increasing 

precipitation levels (Johns, 2019).  

 

In order to deal with future flood threats and other stormwater issues with grey infrastructure, 

expansions and/or renovations are required, which can be very costly to the municipalities 

(Li et al., 2024), to the natural environment (Paulin et al., 2020), and animal species (Wang 

and Banzhaf, 2018).  Considering these impacts, there is a consensus among researchers that 

grey infrastructure is not the best option to deal with the consequences of urbanization and 

the changes in precipitation patterns, and that more sustainable types of infrastructure should 

be adopted (Lu et al., 2025; Wang et al., 2025). 

2.2  Green infrastructure 

Green infrastructure is defined by the European Comission as a “strategically planned 

network of natural and semi-natural areas with other environmental features, designed and 

managed to deliver a wide range of ecosystem services, while also enhancing biodiversity”. 

Said services can improve air and water quality, help mitigate climate change impacts, and 

provide habitats for animals therefore supporting biodiversity (European Comission, 2024). 

The US EPA (2025) has a narrower description focusing on precipitation, mentioning the 

use of “filtration, infiltration, and evapotranspiration to treat and soak up rainwater where 
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it falls”, while also pointing out that this type of infrastructure offers benefits to all three 

sustainability pillars (environmental, social, and economic). 

 

In the context of floods and other stormwater-related issues, green infrastructure can be 

implemented through the incorporation of permeable surfaces with vegetation (in contrast to 

impervious surfaces common in grey infrastructure), with the goal of increasing the filtration 

and infiltration capacity and implementing rainwater storage techniques (Moazzem et al., 

2024). Applications of green infrastructure can be green roofs (Yan et al., 2025), rain gardens 

(Parameswarappa Jayalakshmamma et al., 2024), vegetated swales, bioretention, among 

others (Zhang et al., 2024). While experts unanimously agree that said solutions are 

sustainable alternatives to grey infrastructure, different authors may not call them green 

infrastructure, instead addressing them as grey-green, blue-green, or even blue-green-grey 

infrastructure.  

2.3  Other terminology   

As researchers’ interest in sustainable urban stormwater management grew and alternatives 

to grey infrastructure were developed, a range of terminology were used by experts in 

different regions and with different understandings, which resulted in several terminology 

for the same (or very similar) concept (Fletcher et al., 2015). For example, blue-green 

infrastructure is defined by the combination of green areas common to green infrastructure 

with water-based elements (Rodrigues Capítulo et al., 2025). However, solutions categorized 

as green infrastructure such as rain gardens by some authors (Parameswarappa 

Jayalakshmamma et al., 2024) are sometimes addressed as blue-green infrastructure by 

others (Chaves et al., 2025).  Similarly, green roofs can also be categorized as green-grey 

infrastructure in literature (Chen et al., 2021). Lastly, those that combine all mentioned 

elements can be found in literature as blue-green-grey infrastructures (Alves et al., 2020; Li 

et al., 2024). 

 

Besides the previously mentioned, other terms are used in the scientific community to refer 

to sustainable stormwater management practices. Terms such as “Low Impact Development” 

(LID) (Qi et al., 2025), “Water Sensitive Urban Design” (WSUD) (Wu et al., 2025), “Best 

Management Practices” (BMPs) (Chen et al., 2025), “Integrated Urban Water Management” 
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(IUWM) (Samsu et al., 2025), “Sustainable Urban Drainage Systems” (Maglia and 

Raimondi, 2025) and “Nature-Based Solutions (NBS) (Marino et al., 2025) are all used to 

describe practices aiming to control runoff, improve water quality, reduce the events of urban 

floods, and adapt to changing climate. Given such variety of terminologies, it is the 

responsibility of the authors to clearly define the term they decide to adopt and describe the 

specific practices used. 

 

Cities all over the globe have the need to become more sustainable and resilient to climate 

change, particularly when dealing with precipitation and stormwater (Dottori et al., 2023). 

Grey infrastructure, although still the most popular option, is often not sufficient and can 

sometimes cause additional problems. Sustainable alternatives should therefore be 

implemented, whether through the renovation of existing infrastructure or the development 

and implementation of new systems. Among the sustainable alternatives presented, NBS 

were selected as the foundation for this thesis.  
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3  Nature-based solutions 

Nature-based solutions, or NBS, are defined by the International Union for Conservation of 

Nature (IUCN) as “actions to protect, sustainably manage and restore natural or modified 

ecosystems that address societal challenges effectively and adaptively, simultaneously 

providing human well-being and biodiversity benefits” (Cohen-Shacham et al., 2016). The 

European Commission has similar definition, defining it as actions inspired by nature which 

“are cost-effective, simultaneously provide environmental, social and economic benefits and 

help build resilience.” (European Commission, 2024). In a simplified term, NBS are actions 

or infrastructure designed to replicate features and/or processes found in nature in order to 

manage the consequences of human activities, such as urbanization, which also bring 

economic and social benefits.  

 

The term is relatively new, gaining popularity only in the late 2000s due to IUCN’s effort in 

conservation practices (Cohen-Shacham et al., 2016) and the introduction of the term in the 

2008 World Bank report (MacKinnon et al., 2008). Since then, the term has been 

increasingly used in the scientific community, which can also be attributed to EU’s 

incentives in research in the topic such as the Horizon 2020 programme (Maes and Jacobs, 

2017). 

 

In IUCN’s “Nature-based Solutions to address global societal challenges” report, eight 

principles are defined for a better understanding of NBS. As part of the principles, NBS 

should embrace the norms and principles of nature conservation, they can be integrated with 

other technological solutions or be implemented as a single project, cultural and scientific 

knowledge should be part of the planning of the solution and therefore be site-specific, the 

solutions have to be equally beneficial to the society, diversity (both cultural and biological) 

have to be maintained and given the ability to evolve with time, NBS have to be applied 

within a landscape scale, balance short-term economic gains with long-term ecosystem 

services (ES), and must be a critical part of the development of policies and actions to tackle 

a specific challenge (Cohen-Shacham et al., 2016). 
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In practice, NBS can take form in the conservation of forests with the goal of mitigating 

climate change, support biodiversity, while ensuring energy security and food support to 

locals, or in the restoration of drylands to ensure water security and resilience. The 

reforestation of mangrove and coastal infrastructure to slow down the impacts of sea-level 

rise is another example of applications of NBS. The most common example, however, is the 

implementation of green infrastructure such as green roofs, bioswales, or even smaller 

projects such as planting more trees in the streets of urban areas (Cohen-Shacham et al., 

2016).  

 

In order to make the categorization of NBS simpler, Eggermont et al. (2015) proposed the 

grouping of solutions within 3 types according to their level of human intervention: type 1 

refers to minimal to no interference in the ecosystem with the goal of improving or 

maintaining the local ecosystem services, which is typically done by preserving and 

protecting biodiverse areas such as mangroves and forests. Through the protection, 

biodiversity is safeguarded and the population benefits from the nature services. Type 2 

refers to more invasive strategies, such as the implementation of solutions that would work 

as ecosystems and therefore provide ES. These solutions are typically implemented in areas 

that are currently going through human intervention such as cultivated land and can be 

applied through the planning of agriculture such as agroforestry practices (de Faccio 

Carvalho et al., 2024; Ali et al., 2024), or efforts to enhance tree genetics to increase their 

resilience to extreme weather events. Type 3 corresponds to the most invasive 

implementation of NBS, which results in the manipulation of ecosystems or even the 

creation of new ones artificially. This type of NBS is closely related to sustainable 

infrastructure covered in the previous chapter (such as green and blue infrastructure) and 

serve as a bridge between the urbanized area and nature. Solutions targeting the restoration 

of natural areas such as devastated or polluted land and/or water bodies are also included in 

the third category. Each type of solution has a different impact, with varying number of 

services, how effective said services are, and level of engineering used. Figure 2 presents a 

schematic of the 3 types of NBS, positioned according to its impacts and services delivered 

(Eggermont et al., 2015).  

 

It is important to note that NBS are complimentary, and therefore their services are enhanced 

when more than one solution is implemented (Cohen-Shacham et al., 2016). Studies show 
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that NBS are also beneficial when combined with traditional grey infrastructure (Zoghi et 

al., 2025).  

 

 

Figure 2. Representation of the 3 types of NBS with examples, positioned according to 

their number of services and stakeholder groups, level and type of engineering of 

biodiversity/ecosystems, and maximization of the delivery of key services (Eggermont et 

al., 2015). 

 

Nature-based solutions can directly support EU’s biodiversity strategy for 2030 (European 

Commission, 2025), which has among its goals to conserve nature and recover degraded 

ecosystems, emphasizing those with higher carbon sequestration capacity. Consequently, the 

solutions can also support the Nature Restoration Regulation (Regulation 2024/1991), which 

specifically targets pollinating insects, river connectivity, and urban and forest ecosystems, 

among other habitats. The UN’s Sustainable Development Goals (SDGs) (United Nations, 

2025) are also supported by NBS. SDGs 11 (Sustainable Cities and Communities), 13 

(Climate Action), and 15 (Life on Land) are the most commonly linked to the solutions. 

However, social and economic benefits are also provided, and examples of these can be 

found in NBS implemented around Europe presented in figure 3. The 2030 targets defined 
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in the Kumming-Montreal Global Biodiversity Framework (Convention on Biological 

Diversity, n.d.), which has the goal of living in harmony with nature, call for the wide 

adoption of NBS. Goals 8 (Minimize the Impacts of Climate Change on Biodiversity and 

Build Resilience), 11 (Restore, Maintain and Enhance Nature’s Contributions to People), 

and 12 (Enhance Green Spaces and Urban Planning for Human Well-Being and 

Biodiversity) are linked to the principles and benefits of NBS.  

 

 

Figure 3. Applications of NBS across Europe and their link to UN’s SDGs (Faivre et al., 

2017). 

 

Adopting the three types of NBS, therefore, would not only provide benefits to cities, 

residents, and the environment, but also comply with the regulatory requirements and goals 

and advance towards reaching climate targets.  

 

Nature-based solutions can target several issues, and each solution will have different 

impacts, therefore it is important to note that the most effective solution will highly depend 
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on the location, geography and weather conditions, community and citizens’ perceptions, 

among others (Hamel and Tan, 2022). For example, countries in the African continent may 

lean towards solutions that focus on water management (such as rainwater harvesting), while 

countries in Northern Europe try to implement solutions to deal with increasing precipitation 

(Aghaloo et al., 2024). 

3.1  Benefits  

As previously mentioned, NBS provide several benefits to all three sustainability pillars. 

Environmental and social, however, are the most documented and assessed in review 

articles. A study by Li et al. (2025a) analysed over 500 NBS studies and linked them with 

the urban challenges they aim to solve and their outcomes, which can be observed in figure 

4. The outcomes are then grouped into biodiversity, health and wellbeing, regulating 

ecosystem services, and others (which was mainly referred to resource efficiency and food 

production).   

 

 

Figure 4. Overview of nature-based solutions studies grouped by continent, country, type 

of NBS, the challenges targeted and outcomes (Li et al., 2025a). 
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The implementation of NBS is often focused on solving environmental issues, and therefore 

environmental benefits are the most mentioned and studied. The implementation of the 

solutions, however, indirectly contribute positively to the social and economic pillars of 

sustainability. A representation of this relationship can be seen on figure 5, with the links to 

the respective SDGs being supported by the solutions. 

 

 

Figure 5. Representation of the sustainability benefits provided by NBS, as well as the 

SDGS supported by them (Lundy et al., 2025). 

 

In order to assess the economic benefits of NBS, the assessment of individual ecosystem 

services need to be performed, which makes the quantification more difficult in most cases. 

While quantifying ecosystem services such as carbon sequestration and pollination is not a 

straightforward process, the wide range of benefits they deliver often indicates a strong 

return on investment (Henneberry et al., 2020). 

 

While it is possible to assess the most common benefits provided by NBS, it is important to 

assess solutions individually to understand which benefits are realized and to what extent. 

The outcomes synthesized by Li et al. (2025a) are mostly found on NBS implemented in 

Asia, Europe, and North America, therefore they may greatly vary from those applied in 

Africa or South America. For instance, the retention performance of green infrastructure can 

vary not only between countries but also within the same country and even for the same 
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solution across different years (Mantilla et al., 2023), which enhances the importance of 

individual evaluation of NBS for more accurate results. 

3.1.1  Environmental 

Diverse studies have been conducted to analyse and quantify the environmental benefits of 

NBS. Benefits may vary as different solutions can have different impacts, however most 

solutions have been proven to have significant environmental benefits, while evidence shows 

that certain NBS can present more than one ecological benefit. Chausson et al. (2020) 

reported that, out of nearly 150 studies with a positive environmental impact assessed, 54% 

reported additional benefits. (Chausson et al., 2020.) 

 

Studies that compared the environmental impacts of NBS and grey infrastructure, through 

the use of life-cycle assessments (LCA) for example, have found that NBS have a positive 

impact even when considering the emissions attached to the materials used, construction and 

transportation stages, among other processes, due to the multiple benefits provided by the 

solutions. Peng et al. (2024) found that a rain garden of around 5500 m² would result in a 

net carbon reduction of nearly 810 tCO2 e. This finding was previously reported by 

O’Sullivan et al. (2015), who reported that a concrete unit (grey infrastructure) had 

significantly higher environmental impact than a raingarden while performing the same 

function. Sustainable applications in drainage systems, such as permeable pavements and 

bioretention areas, also outperformed traditional systems in environmental benefits in 

similar studies (Fathollahi and Coupe, 2021; Jato-Espino et al., 2022). Carbon sequestration 

capacity alone can offset the emissions in CO2e of the implementation of many NBS 

(Kavehei et al., 2018), therefore, when considering the additional benefits the solutions can 

offer, it is possible to emphasize their advantages over traditional infrastructure. 

 

The adoption of NBS can have microclimate regulation and cooling effects, which are 

especially beneficial for urban areas impacted by heat waves (Nascimento et al., 2025). A 

study by Costadone and Zhang (2025), through simulations, observed that the conversion of 

a golf course into a NBS would result in cooler temperatures, with the highest impact on 

temperature mitigation being during the night. They also noticed that the highest 

temperatures were found in impermeable areas, while the opposite was found in green areas 
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with trees and water bodies. This conclusion was also achieved by (Li et al., 2025b), who 

compared an urban green space to a residential area (350 meters apart from each other) in a 

megacity located in Southern China and found that the green area presented cooler 

temperatures 80% of the time during 2023. Additionally, a study by Wang and Gou (2025) 

reinforced, through results of their research, that vegetation has a better performance than 

reflective materials to improve thermal comfort in urban areas with tropical and subtropical 

climate. While greenery can increase surface temperature in areas predominantly green, 

thermal comfort was still increased, confirming a positive impact on microclimate 

regulation. 

 

Nature-based solutions also have the capacity of mitigating greenhouse gases, though less 

studies have covered it when compared to the microclimate regulation function (Chausson 

et al., 2020). The conservation types of NBS can have a role in climate change mitigation 

though carbon sink, and certain biomes such as peatlands have been addressed in literature 

due to the benefits it offers in tackling the effects of climate change (Pop et al., 2025). 

Solutions consisting of the addition of trees to urban areas are also relevant in sequestrating 

carbon. Zaniboni et al. (2025) found that adding trees to the streets of Bologna, in Italy, 

could result in a carbon sink of up to 30 tons, while still contributing to air quality, habitat 

connectivity, and other environmental benefits. Carbon sequestration is considered by some 

authors to be one of the most relevant functions of the NBS (Marino et al., 2025), a capacity 

seen in mangroves, which when preserved (previously identified as a form of NBS), can 

store up to a thousand tons of carbon per hectare (Kapos et al., 2019).  Air quality can be 

improved by vegetation present in NBS, especially when the right plants and trees are 

planted in areas with high traffic intensity (Kim and Arik, 2025). Corada et al. (2021) have 

identified that certain plant species have specific leaf characteristics that are able to adsorb 

particulate matter (PM), a pollutant known for environmental degradation (Bamotra et al., 

2025). 

 

Among the ecosystem services provided, biodiversity enhancement and conservation, 

especially that of pollinators, are among the most cited. The inclusion of certain plant species 

in NBS can result in an increase of pollinators in urban areas and bring back species that are 

strongly affected by urbanization, such as butterflies (Llodrà-Llabrés and Cariñanos, 2022). 

The addition of green elements in urban areas also improves the connectivity by acting as 
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ecological corridors (Fu et al., 2022), making it safer and convenient for wildlife to relocate 

(Wang and Xu, 2024). Even small portions of greenery in urban areas, such as gardens and 

even cemeteries, already contribute to habitat creation and offer support to biodiversity 

(Minor et al., 2018), so implemented NBS would be supported by existing urban green areas 

in preserving biodiversity. 

 

Trees and other greenery in NBS can be effective in storing and water from precipitation 

(Bathurst et al., 2018), reducing runoff events while still helping to restore the urban water 

balance towards the natural hydrological levels (Feng et al., 2016). Said solutions have an 

additional benefit of reducing water scarcity (Apostolaki, 2025). Combined with grey 

infrastructure elements, such as drainage pipes, NBS can become suitable for even frequent 

and heavy rainfall, which could otherwise saturate the soil (Zhou et al., 2025). In applicable 

areas, landslide events caused by rainfall can be reduced by a combination of plants 

(Gonzalez-Ollauri and Mickovski, 2016), and this potential application of NBS has already 

been recognized in literature (de Jesús Arce-Mojica et al., 2019). When used in stormwater 

applications, NBS have been responsible for nutrient reductions, particularly of nitrogen and 

phosphorus in runoff from urban (Bixler et al., 2019) and agricultural areas (Rizzo et al., 

2023), but also of other pollutants present in municipal wastewater (Hopkins et al., 2025). 

Compared to concrete-based solutions for example, vegetated solutions have shown better 

rates of nutrient removal in several applications (Shen et al., 2021). 

3.1.2  Social 

Studies on NBS often identify co-benefits generated by them, many of which positively 

impact the population (Herath et al., 2025). Many of the environmental benefits mentioned 

in the previous chapter also directly benefit the population  by providing cleaner air and 

environment and better living conditions (Hartig et al., 2014), especially  for those living in 

areas prone to flooding or most affected by heat waves, the latter issue having a large impact 

on public health (van den Bosch and Ode Sang, 2017). Besides PM reduction, urban 

vegetation is also responsible for reducing noise pollution from traffic, for example (Silva et 

al., 2025). 
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Physical and mental health are the most mentioned social benefits of NBS (Li et al., 2025a; 

Dick et al., 2020). Studies have shown that contact with nature improves mental health, 

increasing happiness (Fernee et al., 2019) and even reducing anxiety (Davies et al., 2020). 

Benefits are such that interacting with nature is recommended for school-aged children and 

teenagers, as it improves their behaviour in addition to mental health (Obeng et al., 2023). 

The adoption of NBS in urban areas would make green areas more available to the 

population, and the proximity to nature itself is related to positive health impacts (Jimenez 

et al., 2021). Social benefits are not easily quantified, as residents can have different opinions 

and experiences. Nature-based solutions, however, can provide extra spaces for recreation 

and social interaction, both of which often related to enhanced wellbeing (Fagerholm et al., 

2025). Furthermore, NBS are often perceived as valuable by people, and many residents are 

willing to pay to have forests (Salm et al., 2023) or other NBS implemented in their 

neighborhood (Cristiano et al., 2025). 

 

Additional societal benefits include the creation of new jobs, for example in the 

implementation and upkeep of NBS (Lemgruber et al., 2021), and behavioural changes, in 

which citizens value nature more as they are in contact with it (Colléony et al., 2020). It was 

found that the contact with nature increased sustainably thinking in people, and those who 

visited green spaces at least once a week were more likely to think sustainably, for example 

choosing sustainable alternatives of products and increasing recycling efforts (Martin et al., 

2020). 

3.1.3  Economic 

Economic benefits, like social benefits, do not receive as much attention as environmental 

benefits and therefore are less assessed. The studies that do consider the economic aspects 

mostly focus on the costs (Chausson et al., 2020), as most ecosystem services are not as 

easily quantifiable (Thamo et al., 2017) and require a multidisciplinary assessment (Seddon 

et al., 2020). Very few studies have been conducted to quantify multiple ecosystem services 

of NBS (Guerrero et al., 2022; Key et al., 2022), and, even then, the monetary value of said 

services is rarely estimated.  
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González-García et al. (2025), however, attempted to quantify four ecosystem services of 83 

NBS in the Alps region: flood and climate regulation, heatwave mitigation, and landslide 

protection, according to the authors’ perception on the biggest threats caused by climate 

change. The results showed that the value of the four ecosystem services of the NBS 

amounted to 639 million euros, while the implementation costs were of 225 million euros. 

Additionally, the return of 2.8:1 invested benefitted 91,324 people living in the region. While 

it is clear that the adoption of NBS is also economically beneficial, it is important to note 

that ES that support biodiversity, water quality and supply, as well as social benefits were 

not accounted for. Therefore, it is possible to assume that the real economic benefit of the 

assessed NBS is even greater. 

 

A previous study on the protection of marine areas (which can also be considered a type of 

NBS, though less commonly addressed in literature) had similar results: the authors found 

that the return would be between 1.4 and 2.7 times larger than the initial costs. The study 

considered social co-benefits such as tourism and recreation as well as environmental ones 

such as biodiversity, coastal protection and the sequestration of carbon (Brander et al., 2020). 

Similarly, the possible consideration of more ES could lead to even higher returns estimated. 

Economic benefits resulting from the implementation of NBS can be generated in different 

sectors. Solutions that produce goods, such as agroforestry, can generate revenue from the 

sale of products. Services are also a source that can also generate profit, such as in carbon 

credits from carbon sequestration. Avoided costs are another benefit, such as the reduction 

in resources needed to treat stormwater or the reduction of energy used in cooling due to the 

implementation of green walls or roofs. Additionally, solutions that generate jobs result in 

household incomes (Chausson et al., 2024). Avoided health issues can also be seen as a 

benefit. Huang et al. (2023) estimated that the mortality in Europe related to urban heat island 

effects can amount to 314 euros per adult, and same estimation can be made for air pollution 

(Liang et al., 2018) and floods (Zambrano and González-Salazar, 2025). 

 

Further research is still needed to develop methods to quantify the economic benefits of 

NBS. However, current research has shown that NBS can provide benefits to the economy 

in addition to environment and society. 
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3.2  Challenges in adoption  

While NBS offer many benefits, their implementation is currently hindered by several 

challenges, which can vary from the planning phase to implementation and upkeep of 

solutions. 

 

Most studies assessing NBS are currently based on models made through modelling software 

(Herath et al., 2025) and, while models can be a great indicator of the effectiveness of a 

solution, it may not account for environmental factors which can influence how the solution 

works and discourage policy holders to implement them. Studies found that governments, 

both local and regional, rarely include climate adaptation measures to new projects or 

renovations (Runhaar et al., 2018), which further reduces the implementation of NBS. The 

lack of knowledge and expertise may also leave NBS out during the infrastructure planning 

stages (Hamel and Tan, 2022). Additionally, some representatives show aversion to 

innovations that adapt to climate change, even if they are proven effective, and opt for 

traditional infrastructure. The lack of regulations that support the implementation of NBS 

serves as a final barrier to their implementation (van den Ende et al., 2023), as it results in 

no action from parties who assume the responsibility lays on another department or 

government body (Kabisch et al., 2016).  

 

The implementation of NBS has to be thoroughly planned and failing to do so may result in 

extra challenges and conflicts. Solutions can turn out to be ineffective if extreme weather 

conditions such as long and heavy rainfalls or droughts are not accounted for in the planning 

stage (Moazzem et al., 2024). Certain NBS require a large area, which is often unavailable 

in urban environments and therefore negotiations with private owners or within governments 

have to be done (Bogdzevič, 2023). The implementation phase, due to the use of new 

materials, their transportation, and other carbon-intensive activities, results in GHG 

emissions (Rugani et al., 2024), which may make the solution seem inefficient if results are 

not properly interpreted. While the services provided by the solution offset said emissions, 

governments may be reluctant to invest in NBS. Once implemented, NBS require adequate 

maintenance, such as removing weeds and/or trimming plants, clearing pipes, and repairing 

possible damages, which may also require expertise not available in professionals used to 

maintain traditional infrastructure (Knapik et al., 2025). Additionally, the return in benefits 
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may not be delivered instantly, as certain solutions can take years to reach their peak 

efficiency (Dittrich et al., 2019). 

 

One of the most important factors that plays into the dissemination of NBS is funding. 

Without proper funding, cities are not able to make the change from traditional/no structure 

to NBS. The lack of financial help is one of the most mentioned challenges in the 

implementation of NBS, as funding is needed to cover the implementation and maintenance 

costs (Wihlborg et al., 2019; Johns, 2019). Less than 1% of climate finance is directed to 

climate change adaptation, category in which NBS is included (The Earthshot Prize, 2025). 

Misconceptions about the price of implementing NBS is often reported (Biasin et al., 2024), 

which can further prevent decision makers from adopting sustainable infrastructure even 

when the investment required is not so high compared to benefits provided. 

 

Lastly, the citizens’ acceptance and opinion of NBS have to be positive, so that they ask 

local politicians for the change they want in their city. However, locals may not be aware of 

NBS, and research shows that scientific evidence alone is not the most effective in improving 

people’s awareness (Anderson and Renaud, 2021). Additionally, citizens’ knowledge and 

opinions on climate change can have an impact on whether they support the implementation 

of NBS (Crawley et al., 2022). People can also have a negative perception of NBS based on 

their own assumptions, such as that animals and insects will be attracted by them, or that the 

solutions will require a lot of maintenance (Knapik et al., 2025). 

3.3   Nature-based solutions in urban stormwater management in the Nordics 

The majority of studies published on NBS focus on resolving flooding issues and water 

regulation, accounting for 43% of the studies reviewed by Fang et al. (2024). While these 

solutions are the most studied and therefore implemented, a reason for their popularity is the 

increase in precipitation level due to climate change, especially in the Nordic countries 

(Tootoonchi et al., 2023). These changes can lead to more frequent floods resulting from 

rainfalls in northern Europe (Matti et al., 2016), and governments have already 

recommended taking them into account when planning new infrastructure (Dyrrdal et al., 

2023). As an attempt to prevent said floods, NBS have been implemented in the Nordic 

countries. 
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Nature-based solutions, as previously mentioned, are a relatively new topic in research. 

Choosing the right NBS requires thorough planning, considering the area’s geography, 

current and predicted future precipitation levels in case of stormwater solutions, and 

evaluation of the issue that the solution will address. Raymond et al. (2017) created a 

framework with seven stages to successfully implement a NBS and evaluate its co-benefits. 

The result is an iterative process with the goal of transforming a proof of concept into a 

mainstream solution. The first stage consists of the identification of a problem or 

opportunity, followed by an assessment and selection of a NBS and possible actions 

required. Once the solution is chosen, it goes through the third stage, which consists of the 

design of the solution’s implementation processes. Once the design is ready, the solution is 

then implemented in stage four. Stage five then consists of the frequent engagement of 

stakeholders through the communication of co-benefits offered by the solution. Stage six 

and seven consist of the transfer and/or upscale of the solution, followed by monitoring and 

evaluation of the co-benefits. The stages and iterative process are visually represented in 

figure 6. 

 

The NBS implemented in the Nordics can therefore be used as the basis for future 

implementations, once continuous monitoring will provide valuable data which can be used 

for future improvements. 
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Figure 6. NBS implementation process, which include social innovation phases (right) and 

the cyclical demonstration phases (left) (Raymond et al., 2017). 

 

There are currently no laws or directives specifically focused on the implementation of NBS 

in the Nordics. However, all countries follow (even if partially for the non-EU members) the 

EU directives and have implemented own policies that support the adoption of NBS (Enge 

et al., 2024).  

3.3.1  Denmark 

Enghaven park, or climate park, in Copenhagen is the best example of a large NBS (Enge et 

al., 2024). The 35,000 m² park has the capacity to retain 22,600 m³ of water from possible 

cloudbursts with the help of over 11,000 plants, which also support biodiversity (Third 

Nature, n.d.). The park has recreational courts that act as cloudburst pools which are filled 

in case of heavy precipitation events, as well as a water wall that secludes the flood within 
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the park from the streets. In daily rain events with controlled precipitation levels, the park 

collects the water in its reservoirs, which is then filtered and reused at the park for 

recreational purposes (Landezine International Landscape Award, n.d.) and watering the 

plants (State of Green, 2021a). Images of the park, including the one of the courts and water 

walls can be seen in figure 7. 

 

 

Figure 7. Images of a corridor, court, and water wall of Enghaven park, as well as a drone 

photo (Landezine International Landscape Award, n.d.).  

 

Copenhagen suffered from extreme rainfall events in the summers of 2010 and 2011, which 

raised a concern about future events, since the city had no structure to deal with extreme 

weather. The city then adopted a Climate Adaptation Plan, which included a Cloudburts 

Management Plan (The City of Copenhagen, 2012). Falling under the plan, Enghaven park 

was projected to contain and drain the water from everyday rain up to mega 100 years 

cloudburst events, in which it will be retain the 22,600 m³ of capacity (UIA, n.d.). This 

planning can be seen in figure 8. 
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Figure 8. Water planning of Enghaven park for everyday rain, 10 years rain and 100 years 

rain (UIA, n.d.). 

 

Other smaller solutions have been implemented in the country. Remiseparken, also in 

Copenhagen, was converted into a 2,000 m³ rainwater storage using alder trees for water 

retention, while still allowing visitors during flooded periods through elevated footbridges. 

In Aarhus, rainwater is separated from wastewater through the adoption of rainwater beds 

and drains. The city allows citizens to choose between handling rainwater in their lands or 

directing it to public areas with these NBS elements (State of Green, 2021b). Such support 

of the adoption of NBS by local governance in Copenhagen and Aarhus helps the country 

become more resilient to changes in weather patterns and make cities greener. 

3.3.2  Finland 

Finland has been implementing several NBS for stormwater management in the past years, 

especially in the Helsinki metropolitan area. Said NBS are implemented in different urban 

areas, such as in residential neighbourhoods, by roads, and in parks. 

 

Tikkurila central park, in Vantaa, was chosen to host a NBS due to its snow reception area. 

The goal was to create a wetland that would retain and purify the melted snow, while 

preventing it from reaching the Kylmäoja stream. The park therefore contains sand and oil 

separation systems and a biofiltration area, which collects the melted water received through 

ditches. Wetland plants were planted in the biofiltration area due to their tolerance to both 

wet and dry conditions and high concentration of salt. Once purified, the water is then moved 
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to the wetland through drains (Kautto, 2021). Images of the site plan, biofiltration area and 

wetland, can be seen in figure 9. 

 

 

Figure 9. Biofiltration and wetland in Tikkurila central park (Kautto, 2021). 

 

The biofiltration efficiency has only been tested once, when positive results were obtained 

and it was found that heavy metals were almost all filtered and retained in the biofiltration 

site (Kautto, 2021). While more tests should be performed to confirm the benefits, this type 

of NBS offers a sustainable option to deal with snow in the Nordics, which is a challenge in 

urban management every winter (Vinkka et al., 2023).  



35 

 

 

 

3.3.3  Norway 

Similar to Copenhagen, the city of Oslo created the Climate Strategy for Oslo towards 2030, 

which prioritize 16 sectors that should be targeted so that Oslo can become a zero-emission 

city by the end of the decade. The first priority area is in the land use sector, including a 

promise to preserve and restore the city’s watercourses along with the recognition of the 

likely increase in stormwater and urban flooding, river floods and landslides (City of Oslo, 

2020). The periods of heavy precipitation are already impacting the Norwegian environment, 

as the stormwater contaminated with pollutants (such as heavy metals, nutrients, and tyre 

particles) overflows into fjords and rivers (Meland, 2022), therefore the city implemented a 

pilot NBS to treat the highway runoff as part of MULTISOURCE project (n.d.) funded by 

the European Union. 

 

A raingarden of 60 m² was then installed in Tåsenveien, a 730 meters street in Oslo, with the 

purpose of treating road runoff. Following the characteristics of NBS, 50 trees were planted 

along with the raingarden to help treat the runoff and mitigate future flooding, as well as 

avoiding the pollution of Oslofjord. The impact area of the solution is estimated to be about 

1300 m² (Multisource, n.d.) and pictures of the NBS can be found in figure 10.  
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Figure 10. Raingarden in Tåsenveien (Multisource, n.d.). 

 

The solution was adapted with sensors at both the inlet and outlet, which give real-time data 

on conductivity, turbidity, and water level. Following the implementation of the solution, an 

assessment of the treatment performance was conducted, and an 88.5% reduction of TSS 

was achieved, as well as a 60-90% retention potential for metals such as Al, Cr, and Fe 

(Multisource, n.d.).  

3.3.4  Sweden 

In Sweden, the Stockholm Royal Seaport stands out for its efforts to implement an integrated 

stormwater management project which aims to slow down and purify the stormwater before 

it is released. The project contains different NBS, such as rooftop gardens, green roofs, 

ponds, and raingardens, and stormwater ponds, which, with other supporting structure, are 

meant to direct 75% of the stormwater to plant beds (IVL, n.d.). 
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The implemented plant beds are pilot solutions in the city and may be widely implemented 

once their effectiveness has been proven. While their storage capacity has not been 

quantified, the plant beds were projected to withstand high water flow and use its storage 

during dry periods without the need for irrigation. Additionally, biochar was added to the 

substrate in the solutions to further enhance the wastewater treatment (Stockholms stad, 

2025). Planting beds can be seen in figure 11. 

 

 

Figure 11. Rain gardens in Stockholm Royal Seaport (Stockholms stad, 2024). 

 

The project is still under development and further full-scale research will be conducted in 

the future. The lack of results, however, is not a synonym of inefficacy, as the project already 

earned a prize for best sustainable urban development and was winner of the Swedish 

landscape architecture award (Stockholms stad, 2024). 

 

Several cities in Sweden have been impacted by cloudburst events in recent years, and that 

has led the government to set two goals: all municipalities should add sustainable stormwater 

management aspects to the new constructions or through renovation of existing buildings by 

2023, and by 2025 the cities most impacted by floods or at most risk should develop and 

implement action plans for stormwater management (Gunnarsson and Barquet, 2025). As a 

result, municipalities have been considering the adoption of NBS in their planning, as can 

be observed in figure 12. 
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Figure 12. Percentage of stormwater management plans by Swedish municipalities that 

mention specific NBS (Gunnarsson and Barquet, 2025). 

 

It is possible to observe that the municipalities have understood the benefits of NBS, and 

that solutions will be more commonly seen in Sweden in the near future, as the country 

prepares for more often extreme weather events. 
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4  Assessment criteria 

Assessing the sustainability of a solution is not a straightforward process, as there is currently 

no standardized method that can be used. A complete sustainability assessment should 

consider the environmental, economic, and social aspects, while being able to quantify both 

the benefits and impacts caused by the studied solution. 

 

A common sustainability assessment method is the Life Cycle Sustainability Assessment 

(LCSA). LCSA has the principle of combining the assessment of all sustainability pillars: 

environmental through E-LCA (environmental Life Cycle Assessment), economic through 

LCC (Life Cycle Costing), and social through S-LCA (social Life Cycle Assessment) 

(Kloepffer, 2008), which provides valuable results since the latter two assessments are often 

left out or don’t have all their aspects considered in sustainability assessments (Visentin et 

al., 2020). Being based on LCA, this assessment method can assess sustainability through 

the whole life cycle of the subject studied (Ren et al., 2015). Unlike E-LCA (ISO 14040, 

2006), standards for LCC (ISO 15686-5, 2017) and S-LCA (ISO 14075, 2024) were 

established recently in 2017 and 2024, respectively. For that reason, there is currently no 

standard for LCSA, which results in different approaches in each study performed (Visentin 

et al., 2020). An alternative to LCSA, while not as comprehensive as such, is including 

sustainability assessment aspects into multi-criteria analysis methods (De Luca et al., 2017). 

Figure 13 illustrates how life-cycle analysis aspects can contribute to MCA methods. 
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Figure 13. Benefits of integrating life cycle thinking into multi-criteria assessments (De 

Luca et al., 2017). 

 

As the benefits of NBS gain popularity, their implementation might be considered by cities 

dealing with stormwater mainly through grey infrastructure, therefore, an assessment of 

locations in which the solution can be implemented is a mandatory step. Once suitable areas 

are identified, a second assessment can be performed in order to select the best NBS for the 

local conditions. This chapter provides an overview of what has been done in previous 

studies, as well as which criteria assessment methods were used, and the role and importance 

of involving decision-makers in the process. 
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4.1  Area identification literature review 

The placement location of a NBS is of extreme importance, as it will determine how effective 

the solution is in both stormwater management and providing ecosystem benefits. Several 

factors must be considered, however, a literature review of Spatial Multi-Criteria Analysis 

for NBS implementation published by Asare et al. (2024) noted that there is no standardized 

methodology or tool to identify and select possible areas to accommodate NBS. In other 

words, there is no recommended set of criteria that can be used for the analysis of suitable 

areas, which leads different studies to identify criteria that are the most relevant to their case 

study. 

 

Asare et al. (2024) identified nine relevant criteria to analyze target areas, including: distance 

to water bodies such as wetlands or rivers, texture of soil, LULC, geographic aspects such 

as elevation and slopes, texture of soil, humidity, temperature, wind, and the capacity of 

existing drains. While some of said criteria are observed in several studies, a range of criteria 

were left out to better fit the studied region’s characteristics and the nine identified were 

further narrowed down to five due to the lack of data available. Table 1 presents studies that 

have used criteria to identify areas with high flood potential, studies that have assessed the 

areas with goal of implementing NBS, and other similar assessments relevant to this thesis’ 

goals. 
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Table 1. Criteria used in studies performing area analysis. 

Title 

Author(s), year of 

publication, and 

journal 

Goal of the study Criteria used Criteria evaluation 

GIS-based multi-

criteria decision 

analysis for dam site 

selection in the 

Pedieos River basin, 

Cyprus 

Ghanem et al. (2026) 

 

Applied Geomatics 

Design an approach for mapping 

potential dam locations to enhance 

resilience against extreme flood 

events 

Slope 

Elevation 

LULC 

CN 

Drainage density 

Geology 

Soil texture 

Distance from stream 

Lineament density 

Multi-Criteria 

Decision Analysis 

(MCDA) and others 

GIS-based multicriteria 

land suitability 

assessment for nature-

based solutions for the 

enhancement of carbon 

sequestration in Emilia-

Romagna, Italy 

Zaniboni et al. 

(2025) 

 

Land Use Policy 

Evaluate how suitable determinate 

land is for the adoption of NBS with 

the goal of improving carbon 

sequestration 

Carbon emissions 

Proximity to water bodies 

Flood sensitivity areas 

Precipitation 

Solar radiation 

Temperature 

Wind strength 

Multi-Criteria 

Decision Analysis 

(MCDA) 

Site selection for 

nature-based solutions 

for stormwater 

management in 

urban areas: An 

approach combining 

GIS and multi-criteria 

analysis 

Alves et al. (2024) 

 

Journal of 

Environmental 

Management 

Develop a methodology to identify 

suitable locations for implementing 

NBS in urban stormwater 

management, considering 

socioeconomic factors and ES 

Land Use and 

Land Cover (LULC) Slope 

Distance to groundwater 

level 

Hydrological 

soil type 

Infiltration rate 

Distance to building 

foundations 

Multi-criteria analysis 

(MCA) 
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Minimum 

area size, width and length 

Spatial Multi‑Criteria 

Analysis for 

Discovering 

Nature‑Based 

Solutions Location for 

Urban Flood Mitigation 

in Accra 

Asare et al. (2024) 

 

Applied Spatial 

Analysis and Policy 

Create a methodology for the 

identification of urban areas that 

could host a nature-based solution 

for stormwater management 

LULC 

Distance to rivers 

Slope 

Soil texture 

Elevation 

Groundwater depth 

Existing drains capacity 

Temperature 

Wind 

Humidity 

Spatial multi-criteria 

analysis (SMCA) 

A method to prioritize 

and allocate nature-

based solutions in urban 

areas 

based on ecosystem 

service demand 

Longato et al. (2023) 

 

Landscape and 

Urban Planning 

Develop a methodology integrating 

ES demand with nature-based 

solution capacity to prioritise and 

allocate urban NbS types 

Noise reduction 

Air purification 

Runoff regulation 

Microclimate mitigation 

Recreation 

Multi-criteria analysis 

(MCA) 

A regional spatial 

planning model for 

multifunctional green 

infrastructure 

 

Goodspeed et al. 

(2022) 

 

Environment and 

Planning B: Urban 

Analytics and City 

Science 

Develop a method to identify areas 

suitable for green infrastructure 

expansion and/or improvement 

Stormwater management 

Social vulnerability 

Access to green space 

Urban heat island 

Air quality 

Habitat connectivity 

Multi-criteria analysis 

(MCA) 

Planning for green 

infrastructure using 

multiple urban 

ecosystem service 

models and 

multicriteria analysis 

Lourdes et al. (2022) 

 

Landscape and 

Urban Planning 

Develop a systematic approach to 

incorporate ecosystem service 

assessments into nature-based urban 

planning. 

Heat mitigation 

Runoff retention 

Sediment retention 

Scenic quality 

Urban recreation 

Agricultural production 

Multi-criteria analysis 

(MCA) 
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Identification of 

optimum afforestation 

areas considering 

sustainable 

management of natural 

resources, using geo-

environmental criteria 

Kordrostami et al. 

(2021) 

 

Ecological 

Engineering 

Identify high-priority sub-basins for 

restoring degraded lands and 

reducing erosion, and decrease flood 

risk 

Environmental variable: 

Hypsometry 

Temperature 

Precipitation 

Slope 

Aspect 

Soil depth 

Soil texture 

Soil Ks 

River distance 

Residential areas 

Agricultural lands 

Water bodies 

Multi-criteria analysis 

(MCA) 

Assessing the 

performance of gray 

and green strategies for 

sustainable 

urban drainage system 

development: A multi-

criteria decision 

making analysis 

Yang and Zhang 

(2021) 

 

Journal of Cleaner 

Production 

Support decision-making for urban 

sustainable development by ranking 

drainage strategies 

Flood mitigation capacity 

Pollution control capacity 

Life-cycle cost 

Damage cost 

Recreational function 

Biotope area ration 

Spatial consistency 

Multi-criteria 

decision-making 

analysis (MCDMA) 

Creating urban green 

infrastructure where it 

is needed– A spatial 

ecosystem service-

based decision analysis 

of green roofs in 

Barcelona 

Langemeyer et al. 

(2020) 

 

Science of The Total 

Environment 

Develop a screening tool to identify 

priority locations for green roof 

implementation and optimize design 

alternatives for maximizing 

ecosystem service provision 

Thermal regulation 

Runoff control 

Pollinator habitat 

Food production 

Recreational opportunities 

Social cohesion 

Multi-criteria decision 

analysis (MCDA) 
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Prioritization of 

stormwater 

management sites in 

urban areas 

Simperler et al. 

(2020) 

 

Journal of 

Environmental 

Management 

Develop an integrated modelling 

framework to prioritize suitable sites 

for implementing nature‑based 

solutions aimed at enhancing 

stormwater management within 

densely built urban environments 

Building density 

Population density 

Zoning 

Land use 

Functional road classes 

Street width 

Sewer network 

Drainage area 

Rainfall data 

No specific criteria 

evaluation mentioned 

The politics of 

multifunctional green 

infrastructure planning 

in New York City 

Meerow (2020) 

 

Cities 

Identify priority areas for the 

adoption of green infrastructure 

Managing stormwater 

Reducing social 

vulnerability 

Increasing access to green 

space 

Reducing urban heat 

island 

Improving air quality 

Increasing landscape or 

habitat connectivity 

Multi-criteria analysis 

(MCA) 

A planning-support tool 

for spatial suitability 

assessment of green 

urban 

stormwater 

infrastructure 

Kuller et al. (2019) 

 

Science of The Total 

Environment 

Develop a GIS-based planning 

support tool for strategic placement 

of water-sensitive urban design 

assets 

Slope 

Roof areas 

Proximity to water 

demand 

Heat vulnerability 

Connected impervious 

area 

Floods 

Environmental awareness 

Sense of community 

Utility infrastructure 

Cultural heritage 

Multi-Criteria 

Decision Analysis 

(MCDA) 
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Land ownership 

Visibility 

The value of urban 

ecosystem services in 

New York City: A 

spatially explicit 

multicriteria analysis of 

landscape scale 

valuation scenarios 

Kremer et al. (2016) 

 

Environmental 

Science & Policy 

Evaluate the spatial distribution of 

different ecosystem services offered 

by green infrastructures through 

different governance priority 

scenarios 

Stormwater absorption 

Local climate regulation 

Carbon storage 

Air pollution removal 

Recreation 

Spatial multi-criteria 

analysis (SMCA) 
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The studies are based on different continents, therefore combining aspects of each 

framework could lead to a method that could be replicated in any location. Criteria such as 

slope and soil texture, land use, and stormwater management are present in several studies, 

indicating their importance in such evaluation. Information availability was a major 

constraining factor to influence on criteria selection, as the evaluation can only be done with 

reliable and accessible data in the specific context. The lack of data was reported in more 

than one study, which led to the exclusion of certain criteria that was considered relevant to 

the authors. As an example, GIS tools are commonly employed for spatial mapping and 

quantitative criteria evaluation (Ghanem et al, 2026; Kuller et al., 2019), however data 

availability and accessibility can particularly constrain the replication of said methodologies. 

It has also been observed in literature that dividing the evaluation criteria in the three 

sustainability pillars (environmental, social, and economic) was also common, especially 

among studies aiming for a more holistic assessment (García de Jalón et al., 2014; Bellomo 

and Colajanni, 2025).  

 

After suitable areas are identified, it can be beneficial to define which type of NBS would 

best fulfil the needs of the area. While criteria used for the identification of a suitable location 

are a good indicator and can narrow down the decision to fewer solutions, desired ecosystem 

benefits can also be considered to assist in the choice. Table 2 presents studies that have used 

criteria to choose the most suitable NBS for a pre-defined location. 
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Table 2. Criteria used in studies performing NBS suitability analysis. 

Title 
Author(s), year of publication, and 

journal 
Criteria used Criteria evaluation 

Site selection for nature-

based solutions for 

stormwater management in 

urban areas: An approach 

combining GIS and multi-

criteria analysis 

Alves et al. (2024) 

 

Journal of Environmental Management 

Slope 

Distance to groundwater level 

Hydrological type of soil 

Infiltration rate 

Distance to foundations 

Required area, width, and length 

Public or private space 

Multi-criteria analysis 

(MCA) 

A simplified geospatial 

model to rank LID solutions 

for urban 

runoff management 

Kaykhosravi et al. (2022) 

 

Science of the Total Environment 

Hydrological benefits 

Environmental-socioeconomic 

benefits 

Cost 

Feasibility 

Demand within the subcatchment 

Multi Criteria Decision 

Making (MCDM) 

Deliberating options for 

nature-based river 

development: Insights from 

a 

participatory multi-criteria 

evaluation 

Brillinger et al. (2022) 

 

Journal of Environmental Management 

Flood protection 

Sport and leisure boating 

Biodiversity 

Recreation 

Water quality 

Agricultural use of the floodplain 

Implementation costs 

Effort of decision-making 

Feasibility 

Multi-criteria evaluation 

(MCE) 

Quantification of the 

environmental effectiveness 

of nature-based solutions 

Epelde et al. (2022) 

 

Urban Forestry & Urban Greening 

Biodiversity 

Carbon storage 

Reduction of extreme temperatures 

Pluvial flood control 

Integrated effectiveness 

Multi-criteria analysis 

(MCA) 
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for increasing the resilience 

of cities under climate 

change 

An integrated framework 

for the comprehensive 

evaluation of low impact 

development strategies 

Koc et al. (2021) 

 

Journal of Environmental Management 

Aesthetic 

Community resistance 

Employment probability 

Initial investment cost 

Operation cost 

Operation feasibility 

Return period 

Volume reduction 

Peak runoff reduction 

Total suspended solids (TSS) 

Chemical oxygen demand (COD) 

Total nitrogen (TN) 

Total phosphorus (TP) 

Impact on flora and fauna 

Groundwater recharge potential 

Greenhouse gas emission 

Multi-criteria decision 

analysis (MCDA) 
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Choosing the right nature-

based solutions to meet 

diverse urban challenges 

Croeser et al. (2021) 

 

Urban Forestry & Urban Greening 

Improve air quality 

Reduce flood risk 

Reduce heat island effects 

Support urban renewal 

Provide open green space 

Support/ re-introduce biodiversity 

Improve public health and wellbeing 

Stable executive and political support 

Suitable internal processes 

Tailored regulations and policy 

Culture of innovation and risk 

tolerance 

Supportive departments in other level 

of government 

Access to suitable technical skills 

Staff have time and motivation 

Advanced community engagement 

skills 

Alignment of internal departments 

Multi-criteria decision 

analysis (MCDA) 

Creating urban green 

infrastructure where it is 

needed– A spatial 

 ecosystem service-based 

decision analysis of green 

roofs in Barcelona 

Langemeyer et al. (2020) 

 

Science of The Total Environment 

Economic barriers 

 Structural barriers 

Institutional barriers 

Ranked on a Likert scale 

of 1 to 

 5 (‘very low’ to ‘very 

high’) 
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Studies published by Alves et al. (2024) and Langemeyer et al. (2020) can be found in both 

tables 1 and 2, as both assessments of area and solution are performed. The first study uses 

similar criteria for the choice of area and solution, and pairs them according to their 

suitability. Ecosystem benefits of NBS are also identified and considered in the decision 

process. The latter study defines the desired ecosystem services and chooses areas based on 

them. The type of solution (green roof) was pre-defined based on the ES chosen, and criteria 

are used to choose the optimal roof design for the location, therefore the choice is based on 

a smaller range of criteria. 

4.2  Criteria analysis and decision-making 

An analysis of previously studies can conclude that multi-criteria analysis (MCA) or its 

variants such as Multi-Criteria Decision Analysis (MCDA), Multi-criteria decision-making 

analysis (MCDMA), and Spatial multi-criteria analysis (SMCA), among others, are the best 

evaluation method for studies that consider multiple criteria, which meets the conclusions 

made by De Luca et al., (2017). Said methods have been commonly used in sustainability 

evaluation studies published in the past years (Lindfors, 2021) and often involve LCA 

thinking aspects in criteria definition. 

 

Lindfors (2021) defines MCA as a broad term for methodologies designed to assist decision-

making which involves multiple criteria. Five steps in which the analysis is made were also 

recognized by the author: setting up the scope is considered the first, followed by the 

identification of assessment criteria, which leads to the definition and later evaluation of said 

criteria, and, at last, results are interpreted. MCA can be performed in several ways; 

therefore, methodologies and results vary among studies (Lindfors, 2021). These steps are 

similar to those described by Luca et al. (2017). 

 

Stakeholders, especially decision-makers, should be involved in the selection and/or 

evaluation of criteria, as support from decision-makers is essential for the implementation 

of solutions. Failing to do so may hinder the implementation of solutions chosen, yet many 

studies still overlook that group. A notable finding by Visentin et al. (2020) showed that over 

60% of studies performing LCSA did not consider decision-makers when aggregating the 

scores. 
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5  Framework development methodology 

Frameworks are a key tool in the scientific environment and commonly used in sustainability 

sciences. Although they have no single official definition, frameworks are addressed in 

literature as structures or systems, which can include concepts and assumptions, in which 

decisions are planned and/or made. Frameworks can act as guide for future research that can 

both follow the developed structure or use it as a basis for improvement. A well-structured 

framework should be based on scientific foundations, clearly establish the relationship 

between concepts used, provide a clear structure that provides conceptual direction without 

imposing detailed methodological steps, therefore allowing room for interpretation. 

(Partelow, 2023.) 

 

The methodology used in this study to develop the framework, similar to studies cited in 

table 1, uses a multi-criteria approach for the identification of suitable areas for the 

implementation of a nature-based stormwater management solution. However, using a 

broader approach, there are no pre-selected areas according to their suitability, therefore 

areas are first selected within the city, followed by the criteria evaluation. A GIS software is 

used for area identification criteria assessment purposes. Once scores are allocated to each 

area, they are re-weighed according to the defined scenarios and lastly analyzed. Once the 

most suitable areas are identified, a sensitivity analysis is performed for the criteria perceived 

as the most sensitive. The methodology is presented in a flow-diagram format in figure 14. 
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Figure 14. Flowchart of the framework used in the study. 

 

The steps presented in the flowchart can be applied directly or modified when necessary, for 

example by adding further steps such as post-scoring normalization of results or analyzing 

sensitivity through a different method. 
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5.1  Criteria development 

With a similar goal than studies presented in table 1, a range of criteria were selected for a 

multi-criteria analysis with the goal of selecting suitable areas for the implementation of 

NBS in a Finnish city. Three of the criteria chosen also align with those used in studies 

presented in tables 1 and 2 (under literature-derived criteria), as they were deemed essential 

for a comprehensive evaluation, while the remaining criteria were tailored to local 

characteristics and needs (under context-adapted criteria). Similarly, the classification 

thresholds of each criterion were developed to fairly represent both established literature 

standards and the author’s perceived hydrological and ecological priorities of the city. 

Initially, for simplification purposes all criteria are assigned equal weights. Nevertheless, 

recognizing that decision-makers may have varying priorities, alternative scenarios were 

also developed with recommendations of adjusted weighting schemes.  

 

Based on the available data, the original set of criteria were refined to emphasize the most 

reliable and informative indicators. Some variables, such as current and future use, were 

combined into one criterion, while others, such as slopes and type of sewers in the area were 

set aside due to the unclear data to keep the analysis clear and focused. The final criteria 

selection, which includes criteria divided into environmental (green) and infrastructural 

(blue) categories, can be seen below (in table 3), as well as their classification threshold and 

support for the thresholds determined by the author. 
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Table 3. Assessment criteria. 

Criterion Definition Classification threshold Classification support 

Biodiversity 

index 

Richness and/or abundance of 

species in a determined area 

(Pavoine, 2026) 

0-1 

Biodiversity index of forest areas, 

estimated by the city (City of 

Lappeenranta, 2026) 

Distance 

between urban 

and ecological 

areas 

Euclidean distance between 

green areas 

 

1,Within a green area or adjacent to it (<50 m) 

0.8,Connected stepping stone (50-100 m) 

0.6,Potential connection (100- 200 m) 

0.4,Weakly connected (200- 300 m) 

0.2,Isolated (300- 500 m) 

0,Fully isolated (>500 m) 

Determined by the author based on 

literature findings. 

 

The concept of stepping stones (Luo et al., 

2020; Lynch, 2019; Saura et al., 2014) for 

biodiversity support was adopted, and 

thresholds were based on average dispersal 

of species (Han and Keeffe, 2020; Ortiz-

Rodríguez et al., 2023; Wang et al., 2022) 

Proximity to 

water bodies 

and water body 

quality 

Euclidean distance from the 

area to the lake Saimaa and 

measured quality of the water 

1,<50 m 

0.8,50- 100 m 

0.6,100- 200 m 

0.4,200 m- 500 m 

0.2,500 m- 1000 m 

0,Fully isolated (>1000 m) 

 

+0.3 bonus (max 1) 

Proximity to water body regions with worse 

water quality 

Determined by the author based on 

threshold used in literature (Asare et al., 

2024; Ghanem et al., 2026) and the 

concept of buffer zones. 
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Land Use  

 

Analysis of the current (City 

Plan) and planned future 

(Master Plan) use of land in 

Lappeenranta (City of 

Lappeenranta, 2026) 

Current use (0-0.3): 

 

0.3 (suitable for NBS) 

Forest 

Agricultural areas 

Water bodies 

Recreation/ green space 

Leisure/ tourism with vegetation 

 

0.15 (moderate suitability) 

Industrial/ warehouse with adjacent place 

Residential with green space 

 

0 (unsuitable/ built space) 

Dense urban/ residential 

Industrial with structures 

Roads/ infrastructure 

Dense public buildings 

 

Determined per author’s contextual 

understanding of zoning from City and 

Master Plans  

Future use (0-0.7): 

 

0.7 (suitable for NBS) 

Planned forest/ nature 

Planned agriculture 

Planned green spaces/ parks 

Planned water/ riparian zones 

Environmental protection areas 

 

0.35 (moderate suitability) 

Mixed-use with reserved green 

Recreation with limited buildings 
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Industrial with environmental limits 

 

0 (unsuitable due to future development) 

Planned urban residential 

Planned dense commercial 

Planned industrial expansion 

Planned road/ infrastructure 

Planned major public buildings 

Runoff 

coefficient in 

catchment 

areas 

Dimensionless number which 

describes what fraction of the 

rainfall becomes runoff, 

instead of evaporating or 

infiltrating the land. 

Also addressed as 

“valuntakerroin” in Finnish 

1,>0.4 coefficient 

0.75,0.3-0.4 coefficient 

0.5,0.2-0.3 coefficient 

0.25,0.15-0.2 coefficient 

0,<0.15 coefficient 

Thresholds pre-established by the mapping 

of catchment areas and runoff coefficients 

Limited sewer 

hydraulic 

capacity 

Pipe fill ratio during 100 

l/s/ha design storm (1/5-yr, 

30-min). Also addressed as 

“putkien täyttöaste” in 

Finnish 

1, >1 

0.5, 0.71-1 

0, ≤0.7 

 

+0.3 bonus (max 1) 

Manhole floods 

Thresholds pre-established by the mapping 

of the city’s sewers capacity 

Risk of 

stormwater 

flood 

Total rainfall depth of 52 mm 

occurring within one hour, 

simulated over a total 

modelling duration of 2 

hours. 

1,≥2 m 

0.75,1 m 

0.5,0.5 m 

0.25,0.3 m 

0,0-0.1 m 

Thresholds pre-established by the Finnish 

Flood Center (Tulvakeskus) (Finnish 

Environment Institute, 2026) 
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The environmental criteria were included based on the ecosystem services provided by NBS, 

services that also align with the City’s goals of restoring water bodies and strengthening 

biodiversity (City of Lappeenranta, n.d.). Connected green areas offer habitats to species, 

which, in their turn, have been found to improve the efficiency of water treatment (Li et al., 

2021). The proximity of NBS to water bodies is also important for preventing polluted runoff 

from directly reaching the lake, for example. 

 

Nature-based solutions are green areas and therefore were considered as stepping stones that 

provide ecological connection in urban areas (Luo et al., 2020). While articles that also 

adopted the connectivity of green areas criterion in table 1 either did not specify what 

thresholds were used or then only considered the size of the green areas, additional literature 

on connectivity of green spaces in urban environments were used as a guide. Studies by Han 

and Keeffe (2020), Ortiz-Rodríguez et al. (2023), and Wang et al. (2022) all used a similar 

method to estimate a connectivity threshold: basing it on the daily dispersal of species found 

in the urban areas studied. Following that method, the distances for the connectivity criterion 

in this study were estimated based on findings from studies presenting the daily dispersal of 

terrestrial species found in Finnish urban areas. According to Hämäläinen et al. (2019), the 

maximum average daily dispersal of the Eurasian red squirrel (commonly found in Finnish 

urban regions) is 440 m, while other species have even smaller dispersal such as less than 

100 m for European wild rabbit (Künkele J and Von Holst D, 1996) and hare (Krivopalova et 

al., 2024). Therefore, for simplification purposes, the maximum threshold for the distance 

between urban and ecological areas criterion was rounded to 500 m. 

 

The threshold for proximity to water bodies was also inspired by previous studies, though 

even less research has been done to estimate the ideal distance for new infrastructure at 

which polluted runoff would be prevented from entering water bodies. A study by Asare et 

al. (2023) was an exception, using 0- 1600 m as thresholds in a “distance to rivers criteria” 

as part of a multi-criteria analysis for the implementation of NBS for flood mitigation. 

Ghanem et al. (2026) had a similar approach, but the maximum distance considered was of 

452 m from streams, in a dam site selection aiming at controlling floods. The concept of 

buffer zones was also considered for this criterion’s threshold definition, since it refers to 

areas which protect water bodies from degradation caused by, among others, human 

activities (Renouf and Harding, 2015). Lin et al. (2025) established that buffer zones up to 
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1000 m from water bodies are ideal for waterways conservation and integrity of the 

ecosystem. The threshold decision of 1000 m was then made for the criterion, which aligns 

with the aforementioned studies while maintaining the practical simplicity required for 

calculating Euclidean distances, as overly specific thresholds are difficult to apply when 

spatial boundaries are not clearly defined. Finally, the quality of water bodies was also taken 

into account and score increased in 0.3 for areas within 500 m from an area with worse 

quality. The score adjustment feature was added after discussion with local decision maker, 

as the factor was considered relevant in stormwater-related plans.The limited sewer 

hydraulic capacity criterion was also assigned an additional score of 0.3 when flooding 

occurs in nearby manholes. This adjustment reflects the importance of manhole capacity 

highlighted in the literature, as Simperler et al. (2020) emphasize that manhole flooding 

should be considered when prioritizing NBS locations with the primary focus on sewage 

capacity. 

 

Once criteria scores are calculated, the base scenario is calculated by assigning equal weight 

to all criteria. In the base scenario, all criteria are considered important and are considered 

equally in decision-making. Decision-making in city planning, however, is often done with 

land availability constraints, and decisions must be agreed upon among different planning 

departments. Four scenarios were then created, through the readjustment of weights from 

the base scenario according to different focuses.  

 

The first scenario reflects about the risk of a stormwater flooding event, assigning the highest 

weights to the risk of stormwater flood, limited sewer hydraulic capacity, and runoff 

coefficient in catchment areas, which, together, can better describe the local flood hazard 

and the probability that rainfall will exceed the drainage system’s capacity.  

 

The second scenario focuses on how harmful the consequences of a possible flood can be, 

increasing the weight of proximity to water bodies criterion, land use (considering the 

existing infrastructure that could be at risk), and biodiversity and connectivity.  

 

The third scenario emphasizes how suitable an area is for the implementation of an NBS, 

allocating the largest weight to land use while also prioritizing connectivity, biodiversity, 
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and proximity to water bodies, so that NBS are located in areas where they are both feasible 

and provide ecosystem services, water quality benefits being among them.  

 

The last scenario adds a new perspective of where NBS can provide the most ecosystem 

services in addition to flood control. In that scenario, biodiversity index, distance between 

urban and ecological areas, as well as proximity to water bodies receive the highest weights, 

as they indicate the potential to enhance habitat quality, ecological networks, water 

purification, and recreation for local residents. Land availability is also weighted, but less 

than in the full suitability scenario. The hydrological criteria are still included, but with 

smaller weights, to ensure that the selected areas also provide flood regulation services. The 

weight distribution for each scenario can be seen in table 4. 

 

The distribution of the performance and relevance of criteria was done based on this thesis’ 

author’s own judgment. Criteria relevance, however, can be subjected to different 

interpretations between scientists and decision-makers, and even among decision-makers 

with varying backgrounds, which can possibly lead to the quality of multi-criteria analysis 

being perceived as lower by certain parties (Alves et al., 2024). Therefore, it is recommended 

that individual criterion weights in the scenarios are modified according to local needs and 

taking into account local experts’ opinions.  

 

 

Table 4. Weight divisions in base case and four developed scenarios. 

Criterion 

Weight 

Base 

scenario 
Scenario A Scenario B Scenario C Scenario D 

 

All 

criteria 

equally 

relevant 

Risk of 

stormwater 

flooding 

event 

Harmfulness 

of 

consequences 

Suitability 

for NBS 

implementat

ion 

Ecosystem 

services & 

well-being 

focus 

 

Biodiversit

y index 
0.14 0.02 0.2 0.15 0.25  
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Distance 

between 

urban and 

ecological 

areas 

0.14 0.03 0.1 0.15 0.25  

Proximity 

to water 

bodies and 

water body 

quality 

0.14 0.05 0.3 0.1 0.2  

Land use 0.14 0.05 0.25 0.5 0.15  

Runoff 

coefficient 

in 

catchment 

areas 

0.14 0.2 0.02 0.05 0.05  

Limited 

sewer 

hydraulic 

capacity 

0.14 0.3 0.03 0.03 0.05  

Risk of 

stormwater 

flood 

0.14 0.35 0.1 0.02 0.05  

 

5.2  Additional methodological considerations 

In addition to the chosen criteria, other factors had their relevance recognized but could not 

be assessed due to the insufficiency of data. The proximity to pollutant-generating activities 

and areas, such as forestry areas (nutrients and sediments) and high-traffic roads (possible 

source of heavy metals and microplastics, for example) could further improve the selection 

of suitable areas. The type of soil and permeability characteristics would, likewise, provide 

new insight into the decision. For areas with stormwater regulations, taking these into 

account is also beneficial for a comprehensive assessment. An equally important criterion is 

the analysis of the type of sewers in the systems, more specifically whether these are separate 

or combined. The latter criterion, however, was left out in this study due to the lack of data 

and the fact that the city studied has a separate sewer system for stormwater, with only a few 

regions still with a combined structure which are planned to be upgraded in the near future 

(Ramboll, 2021). 
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Individual criteria used in this study can be more comprehensive in replications. The 

connectivity criterion, for example, could have multiple additional factors affecting the 

scores such as proximity to roads (Drasher et al., 2025) or power lines (Çoban et al., 2019), 

both known for their negative impact on connectivity of forests and green areas. The success 

on expanding the criteria, however, will heavily depend on quality of data and its availability. 

For that reason, factors hindering connectivity were deemed out of scope in this study. 

 

The use of multi-criteria analysis in decision-making, even when incorporating multiple 

scenarios targeting different areas of interest, is inherently subject to interpretation of 

stakeholders, which may hold opposing opinions on both the established criteria and the 

results. It is therefore recommended that all decision-makers in urban planning and 

stormwater management be consulted, both to proposed criteria based on their perspectives 

and rank the established set of criteria according to their perceived relevance. Scenarios can 

then be developed based on the results obtained. Failing to involve relevant stakeholders in 

said negotiations can lead to delays in decision-making, or, in some cases even prevent 

implementations altogether (Tsakalerou et al., 2022). 

 

5.3  Sensitivity analysis 

Sensitivity analysis (SA) can be used to measure what effect on the results uncertainties of 

inputs can have. SA is particularly suitable for studies that include criteria with different 

weights and importance in an assessment (Guha et al., 2023). In this study, sensitivity 

analysis was applied to evaluate how variations in an individual criteria score, through a 

simpler assessment method, could affect the overall outcome and to identify whether the 

results change significantly. The most sensitive criterion was selected according to specific 

constraints in both the data and the evaluation method. Since the criterion was the focus of 

one of the scenarios, assessing its sensitivity is of particular importance. Incorporating a 

sensitivity analysis in this study helps clarify the reliability of the assessment and highlights 

where improvements could be made in the data assessment or methodology. 

  



63 

 

 

 

6  Implementation of criteria framework and case study 

The developed framework developed in chapter 5 was then applied to the City of 

Lappeenranta, with the goal of finding out the best suitable areas for NBS. Lappeenranta, 

the 13th largest city in Finland with over 73000 inhabitants (Statista, 2025), is situated in the 

South Karelia region along the shores of Lake Saimaa, the largest lake in Finland and fourth 

largest in Europe. Lake Saimaa is of extreme importance for the city, as it is the main source 

of water provided to citizens. The quality of the lake water, however, has been at risk due to 

the increasing precipitation levels, which lead to the formation of runoffs from rain or 

melting snow that carry pollutants harmful to the water. As a result, algae blooms and 

eutrophication have become a source of concern for the city (Climate Adapt, 2024) 

highlighting the need for additional stormwater infrastructure to mitigate said impacts. 

 

The necessary information for the assessment of the criteria presented in table 3 was 

collected, both from open sources and from local authorities, and applied to GIS software, 

when available in a suitable format. The type of data used for the evaluation of each criterion, 

as well as format and sources are listed on table 5. 

 

Table 5. Type and format of data used in the study. 

Criterion Data type Data format Source 

Biodiversity index Discrete Raster Lappeenranta 

karttapalvelu (City 

of Lappeenranta, 

2026) 

Distance between 

urban and ecological 

areas 

Continuous Raster Author-calculated 

(Euclidean distance 

to green areas) 

Proximity to water 

bodies and water body 

quality 

Continuous + 

discrete 

Raster Author-calculated 

(Euclidean distance 

to Lake Saimaa) + 

water quality 

(Finnish 

Environment 

Institute, 2026) 

Land use Discrete Raster Lappeenranta 

karttapalvelu (City 



64 

 

 

 

of Lappeenranta, 

2026) 

Runoff coefficient in 

catchment areas 

Discrete 

(image format) 

Raster Local authorities 

Limited sewer 

hydraulic capacity 

Discrete 

(image format) 

Raster Local authorities 

Risk of stormwater 

flood 

Continuous Raster Finnish Flood 

Center (Finnish 

Environment 

Institute, 2026) 

 

6.1  Area identification 

Thirty areas were evaluated through the assessment of the seven established criteria. The 

selection of ten potential areas was carried out randomly in the first round, with green spaces 

as the sole inclusion criterion. In other words, already paved areas were excluded from the 

analysis, as they are typically designated for specific uses in the city or master plans and are 

therefore less likely to be available for new infrastructure or accepted by decision-makers. 

The second round of area selection was done with the stormwater flood depth layer applied, 

in which fifteen green areas near flood-prone regions were identified. In the last 

identification round, four green areas near sewers at full capacity were identified. Lastly, the 

area where a NBS was recently implemented was chosen for validation of the criteria used.  

The selected areas, found in figure 15, are mostly located in dense urban areas, as isolated 

regions tend to have more greenery and therefore larger share of permeable soil which can 

infiltrate precipitation. The assessed areas were delineated through polygons in a dedicated 

layer created in the open-source geographic information system software QGIS (2026). Each 

area was assigned an identification number to facilitate score allocation.  
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Figure 15. Thirty identified areas in Lappeenranta, Finland (QGIS, 2026). 

 

Criteria such as biodiversity index, runoff coefficient in catchment areas, and risk of 

stormwater flood were assessed based on the codes provided from the map services, with 

scores assigned directly from given information without additional interpretation. Similarly, 

land use criterion was assessed based on the information from the map services, but the score 

was allocated according to the author’s own defined classification. The distance-based 

criteria were assessed through the Euclidean distance from the subject area to water bodies 

and other green spaces, through a “distance” feature available in the mapping software. Once 

distances were calculated, the scores were allocated based on the defined classification 

thresholds. The limited sewer hydraulic capacity criterion, in contrast, was assessed using 

the average scores of sewers surrounding the outlined area, as multiple sewers with different 

characteristics may occur within a limited area. For that reason, the latter criteria can be 

considered the most sensitive of all, and a sensitivity analysis is beneficial to identify the 

influence of score variability on the final scoring. 
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6.2  Scores distribution 

The scores were first allocated on a scale of 0-1 for each criterion as per table 3. Table 6 

contains the individual scores of areas for each criterion. 
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Table 6. Criterion scores for the assessed areas, in a scale of 0-1. 

Area 

id 

Limited sewer 

hydraulic 

capacity 

Runoff 

coefficient in 

catchment areas 

Current 

land use 

Future 

land use 

Risk of 

stormwater 

flood 

Proximity to 

water bodies 

Biodiversity 

index 

Distance between 

urban and 

ecological areas 

1 0.75 0.75 0.3 0 0.3 0.2 0.2 0.6 

2 0.00 0.5 0.3 0.7 0.75 0.9 0.3 1 

3 0.00 0.5 0.3 0.7 0.75 0 0.5 1 

4 0.83 0.5 0.3 0.35 0.75 0.7 0.2 1 

5 0.00 0.25 0.3 0.7 0.5 1 0.6 1 

6 0.38 1 0.3 0.7 0 1 0.4 1 

7 0.20 1 0.3 0.7 0.75 0.4   1 

8 1.00 0 0.3 0 0 0 0.3 1 

9 0.00 0.75 0.3 0 0.75 0.6 0.3 1 

10 1.00 0.75 0.3 0 0.5 0.8 0.3 1 

11 0.58 0.75 0.3 0.35 0.5 0.2 0.4 0.6 

12 0.50 0.75 0.3 0.35 1 0 0.4 0.2 

13 0.30 0.75 0 0.7 0.75 0 0.4 1 

14 1.00 0.5 0.3 0 0.75 0 0.4 1 

15 0.00 0.5 0.3 0.7 0.75 1 0.2 1 

16 0.50 0.75 0.3 0.7 1 0.2 0.4 1 

17 0.00 0.5 0.3 0 1 0.4 0.3 1 

18 1.00 0.5 0.3 0 1 0.7 0.4 1 

19 0.93 0.5 0.3 0.7 0.5 0.7 0.5 1 

20 0.80 0.5 0.3 0.7 0.75 0.2 0.5 1 

21 0.80 0.5 0.3 0.7 1 0 0.5 1 

22 0.63 1 0.3 0 0.75 0.4 0.8 1 



68 

 

 

 

23 0.50 0.5 0.3 0.7 0.5 0.2 0.3 1 

24 0.30 0.75 0.3 0.7 0.75 0.7 0.6 1 

25 0.30 0.5 0.3 0.7 1 0 0.4 1 

26 0.30 0.75 0.3 0.7 0.75 0 0.4 1 

27 0.72 0.25 0.3 0.7 0.75 1 0.4 1 

28 0.30 0.5 0.3 0.7 0.75 0.4 0.5 1 

29 1.00 0.5 0.3 0.7 0.5 0.2 0.2 1 

NBS 0.88 0.75 0.3 0.7 0 0.2 0.4 1 
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A closer analysis of the scores reflects the pre-selection choices made. Areas chosen were 

primarily located in green areas, which has resulted in the distance between urban and 

ecological areas criterion often being allocated the maximum score. Similarly, the current 

land use of the areas mostly aligned with the implementation of a NBS, since most green 

areas are currently categorized as parks of forests in the city plan. Areas were also chosen in 

regions which face stormwater flood issues after precipitation, and that also reflected in 

higher scores for the criterion. 

 

The scores were recalculated based on the weight allocations for the base case and additional 

four scenarios. The recalculated scores are presented in table 7, with a color code applied, in 

which yellow tones represent lower scores and darker green the highest. 

 

Table 7. Individual area scores for the base case and scenarios. 

  Scenarios 

Area id Base scenario Scenario A Scenario B Scenario C Scenario D 

1 0.44 0.53 0.30 0.36 0.38 

2 0.64 0.49 0.77 0.83 0.72 

3 0.54 0.45 0.54 0.77 0.59 

4 0.66 0.71 0.62 0.64 0.64 

5 0.62 0.37 0.83 0.86 0.79 

6 0.68 0.45 0.76 0.87 0.77 

7 0.62 0.62 0.57 0.76 0.58 

8 0.37 0.35 0.27 0.38 0.42 

9 0.53 0.49 0.51 0.46 0.57 

10 0.66 0.72 0.57 0.50 0.64 

11 0.53 0.57 0.45 0.56 0.48 

12 0.50 0.70 0.39 0.49 0.36 

13 0.56 0.58 0.45 0.62 0.55 

14 0.56 0.72 0.37 0.43 0.51 

15 0.64 0.50 0.78 0.82 0.71 

16 0.69 0.75 0.62 0.80 0.65 

17 0.50 0.52 0.47 0.43 0.53 

18 0.70 0.84 0.61 0.51 0.66 

19 0.73 0.68 0.75 0.86 0.76 

20 0.68 0.70 0.62 0.81 0.67 

21 0.69 0.78 0.58 0.79 0.64 

22 0.70 0.73 0.57 0.54 0.69 

23 0.57 0.52 0.55 0.77 0.59 

24 0.73 0.63 0.78 0.87 0.78 

25 0.60 0.63 0.55 0.76 0.59 
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26 0.60 0.59 0.53 0.77 0.59 

27 0.73 0.67 0.83 0.86 0.79 

28 0.64 0.56 0.66 0.81 0.68 

29 0.63 0.67 0.54 0.77 0.59 

NBS 0.60 0.51 0.53 0.79 0.62 

 

Once the new scores were calculated for all scenarios, it became possible to identify clear 

patterns in how frequently certain areas ranked among the highest-performing locations. 

When examining the outcomes across the five scenarios, areas 2, 5, 6, 19, 24 and 27 emerged 

as the most consistently high scoring. Among these, area 24 and 27 demonstrated the 

strongest performance, appearing in the top 20% in four of the five scenarios. The remaining 

areas also performed well, each showing the highest scores in three scenarios. Therefore, 

any area that appeared in the top 20% of each scenario at least three times was considered to 

be among the most suitable across the different scenario conditions. The location of the areas 

can be seen in detail in figure 16. 
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Figure 16. Best-performing areas in the base case and scenarios. 

 

Area 27 achieved the highest overall performance, with a cumulative score of 3.87 when 

combining the base case and four scenarios, followed by area 24, with 3.79. Areas 2, 5, 6, 

and 19 also performed well, obtaining a total score of 3.44, 3.46, 3.53, and 3.78, respectively. 

As a result, the overall sums also ranked them among the top-performing and most suitable 

locations. In order to better illustrate this consistency, table 8 presents only these six 

highest‑ranking areas and highlights, in light green, the scores that fell within the top 20% 

of overall values in each scenario. 
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Table 8. Top best-performing areas with highlighted scores. 

Area 

id 

Base 

scenario 

Scenario 

A 

Scenario 

B 

Scenario 

C 

Scenario 

D 

 
2 0.64 0.49 0.77 0.83 0.72  

5 0.62 0.37 0.83 0.86 0.79  

6 0.68 0.45 0.76 0.87 0.77  

19 0.73 0.68 0.75 0.86 0.76  

24 0.73 0.63 0.78 0.87 0.78  

27 0.73 0.67 0.83 0.86 0.79  

 

It is worth noting that, when considering cumulative scores alone, some areas outside of the 

selected group achieved a higher total value than some of these. This is evident in areas that 

performed exceptionally well in one or two scenarios but did not consistently rank among 

the highest across all scenarios, in other words, their overall scores were influenced by 

isolated strong results. From a planning perspective, however, areas that consistently scored 

higher in multiple scenarios can be seen as more relevant than isolated higher scores, as it 

can indicate that said locations will perform well under a range of possible conditions. 

 

It can also be observed that none of the areas highlighted achieved the highest scores in 

scenario A. In contrast, areas 10, 14, 16, 18, 21, and 22 showed the greatest potential at 

reducing the risk of stormwater flooding, which was the focus of the scenario A. These areas, 

however, did not score the highest across many of the scenarios, and for that reason they 

were not identified as the most suitable. It is important to note that the scenarios are designed 

to reflect different planning priorities. Therefore, if the primary objective is to reduce 

stormwater flooding, policymakers may consider these areas more suitable than those 

highlighted in Table 8. 

 

The assessment of the area which had a NBS recently implemented (named ‘NBS’ in tables 

6 and 7) has notably lower score and was not placed among the best-suitable areas. This can 

be attributed to several factors, which are discussed in the following subchapter. 



73 

 

 

 

6.3  Sammonlahti case 

The city of Lappeenranta has demonstrated a commitment to improving the water quality of 

lake Saimaa by, among other measures, implementing NBS in identified risk areas. The 

municipality’s new stormwater management plan, currently under development, lists several 

objectives to be followed for the management of stormwater. Among these, an emphasis is 

placed on natural stormwater management solutions that can support local biodiversity, as 

well as the use of stormwater as a resource, whether as a landscape feature or wetland. These 

two goals are well-supported by NBS over the adoption of grey infrastructure, which may 

translate into the implementation of new NBS in the city in the future (Climate adapt, 2024). 

 

Nine constructed wetlands have been built in the city since 2011, most of them in the shores 

of Pien-Saimaa (Lappeenranta, n.d.). Additionally, an infiltration area was built in the city 

center, and the most recent NBS adopted in the city was a retention basin in Heinäkatu, 

Sammonlahti (Climate adapt, 2024). The location of the NBS is shown in figure 18. 
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Figure 17. Retention basin in Sammonlahti, Lappeenranta. 

The area shown in figure 17 was evaluated using the criteria framework outlined in the 

methods chapter. Included under the ‘NBS’ id in tables 6 and 7, the area did not rank among 

the highest-scoring locations in any of the scenarios. This can be attributed in large part due 

to the area not having issues with stormwater floods, as well as being located farther away 

from the lake than other areas. Sammonlahti’s NBS location, however, scores well in the 

sewer hydraulic loading and runoff coefficient criteria, as well as in the remaining 

environment-based criteria. 
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Although the retention basin did not score among the highest-ranking areas in the scenario 

analysis, its location is consistent with the criteria-based findings. The NBS is situated within 

a short distance to area 18 (˂500 m), which was among the highest scorers in scenario A. 

The spatial proximity of the areas can be observed in figure 18. Upon consultation with the 

City’s design engineer, it was indicated that area 18 had previously been considered by 

municipal authorities as a potential site for a natural stormwater management solution. 

However, due to the assignment of the area for future residential development in the master 

plan, the location was not available. 

 

 

Figure 18. Area 18 and retention basin. 

 

The retention basin collects stormwater from surrounding areas, which may have already 

reduced local flood risk. As a result, the site may appear as a lower priority within the criteria 

framework applied in this study than it would have if the area was assessed before the 

implementation of the solution. Furthermore, the stormwater pipeline network was not 

incorporated into the assessment, and including this layer could have significantly influenced 

the results, potentially increasing the suitability of the area. 
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The unavailability of suitable areas due to land use and land change is a common issue 

identified in similar studies. Alves et al. (2024), for example, acknowledged that proposed 

solutions similar to the one in Sammonlahti can conflict with local infrastructure and be 

deemed unfeasible. To address such challenges, the authors emphasized the importance of 

involving stakeholders to mitigate risks of conflicts with the implementation of NBS. Other 

studies, however, have shown that conflicts of interest may still arise even when stakeholders 

are engaged from the early planning stages (Albert et al., 2020). Similarly, Langato et al. 

(2023) recognize that the potential sites for the implementation of NBS identified in their 

study may not be available due to a variety of factors, among which is land use and 

ownership of properties. The study then extends the results to the surrounding areas if the 

primary location is not available, which is consistent with the implementation of the 

retention basin in Sammonlahti, as it was the nearest available site. 

 

The score received by the retention basin area may also suggest that the framework does not 

include all factors that have an influence in urban planning decisions. Engaging municipal 

decision-makers in the refinement of the framework and adopting recommendations could 

further enhance the applicability of the study. A reassessment incorporating new factors 

could result in a higher ranking for the site, while also demonstrating the value of iterative 

framework development. 

6.4  Sensitivity analysis 

The sewer hydraulic loading criterion was identified as the most sensitive of all criteria, as 

its evaluation was based on the average scores of sewer capacities around the analysed areas 

with a score increased based on whether manhole floods occurred. The assessment of the 

criterion was done based on a printed map file, which did not allow for as comprehensive 

assessment in the GIS software such as the other criteria. In order to quantify how changing 

the scores of the criterion would change the results, a sensitivity analysis was performed. 

 

The One-factor-at-a-time method of sensitivity analysis, also called the OAT method, was 

used. In this method, one parameter is altered, and the results are recalculated, followed by 

the interpretation and investigation of the changes. One-factor-at-a-time sensitivity analysis 

is considered a less comprehensive approach than other global sensitivity methods and has 
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disadvantage of not effectively account for parameter interdependencies (Mair et al., 2012) 

the use of scenarios in this study, however, provides some insight into the combined effects 

of parameter variation. Conversely, this SA method has the advantage of requiring fewer 

simulations due to having only one parameter modified, and the resulting outputs are easy 

to interpret (Zischg et al., 2018). The OAT method has also been used in other studies using 

GIS software for sewer systems analysis (Abbas et al., 2019; Simperler et al., 2020), as the 

presence of multiple sewers allows for multiple interpretations and calculations. 

  

For the sensitivity analysis of the sewer hydraulic loading criterion, the scores were 

recalculated based on the highest score among the sewers near the chosen areas. For 

example, if one of the sewers in the region had a pipe fill ratio of >1, the score was 

automatically set to 1. Similarly, if the highest sewer fill ratio in the area ≤1, the score was 

set to 0.5, and if all sewers had a fill ratio of ≤0.7, the score was set to 0. The recalculated 

results can be found in table 9. 

 

Table 9. Individual area scores for the base case and scenarios with recalculated sewer 

hydraulic loading criterion score. 

Area id 

Base 

scenario Scenario A Scenario B Scenario C Scenario D 

1 0.48 0.60 0.31 0.36 0.39 

2 0.64 0.49 0.77 0.83 0.72 

3 0.68 0.75 0.57 0.80 0.64 

4 0.69 0.76 0.63 0.65 0.65 

5 0.62 0.37 0.83 0.86 0.79 

6 0.77 0.64 0.78 0.89 0.80 

7 0.74 0.86 0.60 0.79 0.62 

8 0.37 0.35 0.27 0.38 0.42 

9 0.53 0.49 0.51 0.46 0.57 

10 0.66 0.72 0.57 0.50 0.64 

11 0.59 0.69 0.46 0.57 0.50 

12 0.57 0.85 0.41 0.50 0.39 

13 0.51 0.49 0.45 0.61 0.53 

14 0.56 0.72 0.37 0.43 0.51 

15 0.78 0.80 0.81 0.85 0.76 

16 0.69 0.75 0.62 0.80 0.65 

17 0.50 0.52 0.47 0.43 0.53 

18 0.70 0.84 0.61 0.51 0.66 

19 0.74 0.70 0.75 0.86 0.77 
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20 0.71 0.76 0.63 0.82 0.68 

21 0.71 0.84 0.59 0.80 0.65 

22 0.68 0.69 0.57 0.54 0.69 

23 0.64 0.67 0.56 0.78 0.62 

24 0.69 0.54 0.77 0.86 0.77 

25 0.56 0.54 0.54 0.76 0.58 

26 0.70 0.80 0.55 0.79 0.63 

27 0.63 0.45 0.81 0.84 0.75 

28 0.59 0.47 0.66 0.81 0.67 

29 0.63 0.67 0.54 0.77 0.59 

30 0.62 0.55 0.54 0.80 0.63 

 

As can be observed from the new results, a similar set of areas become the most suitable for 

the implementation of NBS for stormwater management. Areas 5, 6, 15, 19, 24 and 27 are 

the best performing. Overall, most of the identified areas show sensitivity analysis scores 

that align well with their originally calculated suitability scores, indicating that the outcomes 

remain consistent even when the weighting of the criteria is adjusted. This change in score, 

however, made area 15 become the most suitable area of all, achieving scores among the top 

20% in every scenario. 

 

The assessment method used, however, does not fully reflect real conditions. Areas in which 

only a single sewer is operating at full capacity, while surround sewers remain within their 

limits, should not be prioritized to the same extent as areas with multiple sewers at full 

capacity and manhole flooding. The results of this sensitivity analysis, however, indicate 

that the overall ranking of suitable areas is relatively stable under changes in the weighting 

of criteria, as the results closely resemble the original assessment.  The alignment between 

the two sets of results supports the framework’s approach and suggests that the identified 

priority areas are not highly sensitive to moderate adjustments in weighting. Area 15, 

however, is an exception to this pattern since it was not among the most suitable locations 

in the initial assessment. This change highlights how the weight assigned to specific criteria 

can influence the final ranking, especially when an area performs relatively well across 

multiple indicators but does not stand out in any. While the general conclusions remain the 

same, this SA result shows that methodological adjustments can affect the prioritisation of 

individual areas and should therefore be considered in decision-making. This change can 

also be applied to the NBS in Sammonlahti, as it may stand out among other areas if the 

criteria are weighted differently. 
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7  Discussion 

As one of the goals of this thesis, a framework to evaluate the suitability of different areas 

for the implementation of stormwater management was developed, and areas in the city were 

evaluated, it was possible to identify those with the highest potential. Additionally, when 

targeting the second research question established in this study, the area hosting a retention 

basin was also evaluated in order to validate whether the framework results align with local 

decision-making. 

 

It is known that decision-making is a complex process which considers multiple variables, 

many of which were left out of the scope of this study. For that reason, considerations and 

limitations were discussed in this chapter. The feasibility and replicability of the developed 

framework were also assessed, and recommendations for future research were proposed. 

Lastly, recommendations for decision-makers are proposed. 

7.1  Results 

Six areas were identified as most beneficial for the implementation of NBS for stormwater 

management in the city of Lappeenranta through the application of a set of criteria and 

scenarios. Although located in different parts of the city, all areas are located relatively close 

to Lake Saimaa and well connected to other green spaces. This proximity implies that 

implementing NBS in these locations would allow stormwater to be intercepted and treated 

before reaching Saimaa, therefore reducing runoff volumes, limiting pollutant loads, and 

protecting the ecological status of the receiving water body, which is very important in 

regions where the water quality is already affected. The selection of most suitable areas 

aligns with decisions previously made by the City of Lappeenranta, which has constructed 

over 10 wetlands along the shore of Saimaa Lake. 

 

Most of the sites are also characterized by lower soil permeability and nearby sewer systems 

with high fill ratio. The combination of these characteristics makes these areas more 
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vulnerable to stormwater floods, which was also an occurring issue in those areas, 

contributing to a higher score under the stormwater flood criterion. Furthermore, these 

locations stand out due to their availability of land, as they are currently designated as green 

areas and no future infrastructure development is planned there according to the master plan.  

The analysis of worst-performing areas, on the other hand, does not imply that the 

implementation of NBS in these sites would not generate benefits, rather that they would 

address fewer challenges than the best performing areas would. As an example, area 8, which 

received the lowest cumulative score across the scenarios, achieved the highest possible 

score for the sewer hydraulic loading criterion, indicating that during heavy precipitation, 

manhole floods are likely to occur. The area, however, does not face stormwater flooding 

issues nor does it exhibit other vulnerabilities such as low soil permeability or proximity to 

sensitive receiving waters. Furthermore, land availability provides an additional constraint, 

as the site is not designated for green infrastructure development according to the current 

master plan. Nevertheless, the hydraulic loading challenges identified at the site suggest that 

some form of intervention is still required. While the implementation of a NBS there may 

not provide the same multifunctional benefits as in higher-ranking locations, targeted 

measures would still be necessary to mitigate sewer overloading and reduce manhole flood 

risks, while increasing the area’s resilience to future increases in precipitation levels. 

 

When evaluated using the same criteria, a site with a recently implemented NBS in 

Sammonlahti, Lappeenranta, did not score as high as other selected areas, nor did it fall 

among the lowest. This intermediate ranking suggests that the selected location aligns 

reasonably well with the framework’s priorities, even if it was not identified as an optimal 

site under the defined weighting scenarios. The result can indicate an important 

consideration: real-world planning decisions are influenced by additional constraints, such 

as zoning regulations and future development plans across multiple departments. 

Additionally, it can indicate that this framework may prioritize flood risk or ecosystem 

benefits more than other factors considered by decision makers. Rather than undermining 

the framework, the Sammonlahti case shows how such tool can complement urban planning 

by identifying suitable zones, even when the exact implementation site is under limitations. 

As it was identified through the sensitivity analysis, an area previously not considered can 

become suitable if scores are calculated through a different method, and that can also be 
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applied to the area in Sammonlahti, which may have stood out due to characteristics not 

considered in this thesis. 

 

7.2  Methodological considerations and limitations 

The scope of this study was intentionally narrowed to ensure methodological clarity and 

feasibility, therefore several criteria that would have provided a more comprehensive result 

were left out. Stormwater quality is an important factor that could significantly influence 

prioritization, especially in areas located near pollutant-generating activities such as 

industrial zones or high-traffic roads. Another factor to consider is the additional threat that 

stormwater floods generate, including risks to building foundations or vehicles, for example. 

The incorporation of geophysical characteristics as criteria would also enhance the 

assessment, with the inclusion of slopes (Van Appledorn et al., 2019) and type of soil 

Ghanem et al. (2026). Finally, integrating a broader range of ecosystem services into the 

framework would allow for a more holistic evaluation of the benefits provided by NBS. 

 

It is also important to acknowledge that this study focused only on existing green areas for 

the assessment. However, paved areas such as parking lots also have potential and may offer 

additional ecosystem benefits than the ones considered in this study, such as heat mitigation 

and socio-cultural values (Croeser et al., 2022). Certain types of NBS, such as green walls 

and roofs and permeable pavements, were also not considered. The inclusion of solutions 

that can be implemented within existing infrastructure would expand the range of suitable 

areas as well as enhance the applicability and flexibility of the framework. Small scale NBS, 

however, were left out due to their relatively lower capacity of water retention. 

 

This study has two notable limitations which may have influenced the results. First, two of 

the criteria (sewer hydraulic loading and runoff coefficient in catchment areas) were 

evaluated using image-based maps rather than GIS layers, which creates potential 

uncertainty. For that reason, the first criterion was the subject of a sensitivity analysis and, 

given its higher complexity compared to others, further evaluation is still required to fully 

validate the results. The second limitation was the site delineation for each area. A simplified 

map layer was used as a basis for the area delineation, and polygons drawn over entire green 
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areas. A more detailed assessment could reveal that portions of these areas are unavailable 

for implementation, for example due to walking paths or other small existing infrastructure. 

The results of this study should be interpreted considering the data quality and the 

assumptions made in the assessment framework. Simplified, weighted-criteria approaches 

were useful for prioritization in this thesis but cannot fully capture the complexity of 

interactions within urban stormwater systems in a real-life application. In addition, some 

criteria may have a disproportionate influence on the final rankings due to the way they are 

defined or represented in the data. These factors help explain the variation observed in the 

sensitivity analysis and provide important context for understanding the robustness of the 

results.  

 

This thesis also differs from a sustainability analysis due to its scope being narrowed to 

environmental sustainability. Social and economic aspects also need to be considered (e.g. 

by adding relevant criteria to the framework) when determining, for example, social impacts 

and public acceptance as well as cost‑effectiveness of implementing nature‑based solutions 

in real urban contexts. 

7.3  Feasibility, replicability, and future research 

This study presents a framework based on straightforward and simple but important set of 

criteria that can be easily replicated and adapted to local conditions. The scenarios developed 

can serve as recommendations, with the flexibility to adjust weights if a municipality 

prioritizes certain criteria differently than in this study. Additionally, the list of articles 

reviewed and summarized in Table 1 provides valuable insights, highlighting additional 

criteria that could be incorporated to further refine the evaluation of selected areas in 

replication studies. 

 

A major distinction of this thesis is its application to an entire city area, rather than a pre-

selected smaller area of known interest for NBS implementation. Consequently, the criteria 

were designed to be general and adaptable, making the framework applicable to other 

municipalities, including those in different countries. Replication is highly feasible, 

particularly in contexts such as Finland, where most of the required data is publicly available. 

In larger municipalities, even more extensive datasets could enable a more detailed and 
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comprehensive assessment. Considering the entire city, however, inevitably reduced the 

precision of the analysis. For more precise results, future studies could focus on smaller, pre-

defined areas, allowing for a detailed evaluation of site-specific conditions. Such an 

approach would also enable assessment of which specific types of NBS are most suitable for 

each site (such as studies in table 2), further enhancing the practical applicability of the 

framework.  

 

Future research could also further refine the criteria evaluation, especially for the criterion 

which was subjected to a sensitivity analysis in this study. The utilization of complementary 

analysis for the chosen criteria, as well as more detailed datasets, can enhance accuracy of 

results. Additionally, interviews with experts in different fields would be beneficial, as 

expert insights are needed to ensure that the weights used in the scenarios are 

well-distributed and results are methodologically accurate and reflect real-life applications. 

 

7.4  Recommendations for decision makers 

This thesis’ findings can assist in decision making by providing suitable areas for the 

implementation of NBS. Although some of the suggested areas may not be available due to 

constraints not considered in this study, the framework created can serve as a practical guide 

for municipal assessment and spatial prioritization. By adjusting criteria selection and 

weighting according to local priorities, the framework can be integrated as a screening tool 

during the early planning stages of stormwater infrastructure development. 

 

While the screening focused on areas suitable for larger solutions, smaller solutions which 

can be implemented to existing infrastructure are also relevant and suitable for stormwater 

management. While land ownership may pose challenges, incentives could be provided for 

landowners to implement NBS in their own land. Although not included in this study’s 

framework, the involvement of residents is essential, both to encourage voluntary 

implementation and to ensure that community opinions are considered prior to the 

introduction of new NBS within neighborhoods. 
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Land use emerged as a decisive criterion, excluding several otherwise suitable areas. Given 

that land allocation decisions involve multiple municipal departments, stronger cross-

sectoral coordination is recommended. Reserving high-suitability areas for future 

stormwater infrastructure within master planning processes would help prevent conflicts 

with competing land uses and ensure long-term feasibility of implementation. 

 

In addition, long-term monitoring of implemented NBA is recommended to evaluate 

performance and improve future assessments. Integrating updated hydraulic data and 

stormwater quality measurements would enhance the accuracy of future prioritization 

assessments and support the implementation of additional solutions in the city.  
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8  Conclusions 

The goal of this study was to identify the most suitable locations for the implementation of 

NBS for stormwater management in Lappeenranta, Finland. To achieve this, a framework 

was developed in which criteria were selected and scenarios created. Thirty sites across the 

city were assessed using the framework. Overall, the analysis of results revealed that the 

most suitable areas were not necessarily those that faced a single specific problem, but rather 

areas in which NBS could provide many benefits simultaneously, such as the reduction of 

stormwater flood and sewer load, and improving connectivity of green areas while 

supporting local biodiversity. A site with a recently implemented retention basin was 

analysed using the framework, and, while it did not rank among the top 20% of sites, it was 

located near one of the highest-ranking areas. These findings align with challenges reported 

in literature, highlighting that the perceived ideal site is not always available, as urban 

planning decisions must account for a combination of factors. This study provides a 

structured and adapted framework which demonstrates a strong replicability potential, as the 

criteria applied are not specific to the studied city. Additionally, the framework is flexible, 

allowing for modifications such as the addition or removal of criteria. The evaluation of 

criteria approach can also be adapted, and weights can just be adjusted once the scenarios 

are calculated, enabling the framework to be tailored to different contexts or research 

objectives. 

 

Urban planning is a complex process, which must consider a wide range of factors, many of 

which are area-specific, and requires the coordination among multiple stakeholders. The goal 

of this study was to develop a framework which can assist decision-makers in identifying 

suitable sites for new infrastructure. Although the study had its scope limited, and some 

relevant could not be included due to data constraints, the framework can serve as a starting 

point for local city planners and can be further refined for specific applications. 

 

The framework presented in this study can be further developed in future research. The 

incorporation of additional criteria considering ecosystem services, such as temperature 

regulation and air quality improvement, as well as benefits to the community such as noise 

reduction, recreational capacity and aesthetic improvement capabilities, would highlight 
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additional benefits of NBS, including its social aspects. The incorporation of what types of 

NBS should be implemented would also make the framework more comprehensive. Current 

results indicate that certain sites are less suitable for the implementation of nature-based 

infrastructure due to their future land use constraints. However, certain solutions can be 

implemented among or within buildings, and even in existing infrastructure, potentially 

making areas previously considered unsuitable viable for implementation.  

 

Overall, this thesis demonstrates that a systematic, multi-criteria-based framework can 

support the identification of sites for stormwater management NBS, offering a practical and 

adaptable tool for urban planners aiming to enhance resilience and sustainability in cities. 

The comparison with the NBS in Sammonlahti also indicates that the framework is relatively 

consistent with city planning, even if the exact site was not among the highest scoring.  
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