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Cities around the world are experiencing increasing urban floods. A key issue in rapidly 

expanding urban environments is that ground surfaces are covered by impermeable ma-

terials that prevent natural water infiltration. Conventional drainage systems were designed 

to address this challenge, but they are increasingly unsuccessful at managing stormwater 

quality and quantity in worsening climate conditions. 

The aim of this study was to examine what the sponge city concept (SCC) entails in urban 

development, to compare it with similar stormwater management approaches, and to as-
sess whether it can be applied to Finland. The study presents the current state of storm-

water management in Finland and discusses the potential benefits and challenges associ-

ated with the use of SCC. The study was conducted as a literature review. 

SCC’s premise is to resemble the natural water cycle and to place sustainable stormwater 

management at the core of urban planning. The principle of SCC is to prevent flooding 

caused by heavy rainfall by retaining, storing, and reusing water. Its key techniques include 

increasing the use of permeable pavements, green roofs, parks and other nature-based 
solutions integrated with engineered solutions. Together, these form a system capable of 

retaining large volumes of water. 

Although Finland does not officially use the sponge city concept, Finnish stormwater man-

agement practices include similar features. This study explores how these ideas are al-

ready applied in Finland and whether the concept could be adapted further to fit Finnish 

conditions. Finland’s climate differs significantly from the temperate conditions for which 
SCC was developed.  

The main conclusions are that SCC is an effective solution for increasing urban resilience, 
as its impacts extend beyond stormwater management. The concept helps to restore ele-

ments of the natural hydrological cycle in urban areas and reduces peak runoff. SCC could 

advance Finnish cities as a strategic long-term design-basis for climate resilience since it 

urges cities to bring stormwater management to a regional plan scale. The findings suggest 

that there is no clear cause to avoid implementing sponge city practices even when the 

Finnish winter inflicts seasonal variation in effectiveness. 

 

The originality of this thesis has been checked using the Turnitin Originality Check service. 
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Kaupungit ympäri maailmaa kärsivät yhä enemmän kaupunkitulvista. Nopeasti laajene-

vissa kaupunkiympäristöissä keskeinen ongelma on se, että maanpinnat ovat läpäisemät-

tömien materiaalien peitossa, jotka estävät veden luonnollisen infiltraation. Perinteiset vie-

märöintijärjestelmät kehitettiin tämän haasteen ratkaisemiseksi, mutta ne eivät onnistu hal-

litsemaan hulevesien laatua ja määrää ilmasto-olosuhteiden ankaroituessa. 

 
Työn tarkoituksena oli selvittää mitä kaupunkikehityksessä yleistynyt sponge city -konsepti 

(SCC) pitää sisällään, verrata sitä vastaaviin hulevesien käsittelytapoihin sekä selvittää 
voidaanko sitä soveltaa Suomessa hulevesien käsittelyyn. Työssä esitellään Suomen tä-

mänhetkistä hulevesien käsittelyä, sekä käsitellään mitä etuja ja haasteita SCC:n hyödyn-

täminen voi pitää sisällään. Työ toteutettiin kirjallisuuskatsauksena.  

 
SCC:n lähtökohtana on replikoida luonnollista veden kiertoa ja nostaa kestävä hulevesien 

käsittely kaupunkirakentamisen ytimeen. Konseptina on ehkäistä rankkasateiden valunnan 

aiheuttamia tulvia sitomalla, varastoimalla sekä hyödyntämällä vettä. SCC:n keskeiset tek-

niikat ovat läpäisevien tiepäällysteiden, viherkattojen, puistojen ja muiden vihertekniikoiden 
lisääminen integroituna jo olemassa oleviin rakenteisiin. Kokonaisuudeksi muodostuu sys-

teemi, jolla on kapasiteetti pidättää suuria vesimääriä. 

 
Työssä pohditaan miten SCC:a voitaisiin hyödyntää Suomessa ja miten se vertautuu ny-

kyisiin toimintatapoihin. Suomessa ei ole vielä yhtään sponge-kaupunkia ja sen vuoksi oli 

selvitettävä, onko Suomessa tarvetta konseptin soveltamiselle. Suomen ilmasto eroaa pit-

kälti lauhkeista olosuhteista, joihin SCC on kehitetty. Tämän vuoksi oli tarpeen selvittää, 

mitä vaikutuksia kylmällä ilmastolla, erityisesti talvipakkasilla on SCC-tekniikoiden toimin-
taan. Suomessa on myös muiden EU maiden tavoin alettu hyödyntämään enemmän luon-

nonmukaisia käsittelyratkaisuja, mutta niiden käyttöönotto on usein fragmentoitunutta. 

 
Työn keskeisinä johtopäätöksinä ovat, että SCC on tehokas ratkaisu lisäämään kaupun-

kien resilienssiä, sillä sen vaikutukset ulottuvat laajalti hulevesien käsittelyn ulkopuolelle. 

Konseptilla saadaan palautettua takaisin veden hydrologista kiertoa urbaaneilla alueilla ja 

vähennettyä valumapiikkejä. SCC voisi lisätä Suomen hulevesijärjestelmään pitkän aika-

välin yhtenäistä linjaa, sillä sen toimeenpano vaatii suunnittelua ylemmillä kaavatasoilla. 
Sen hyödyntämiselle ei löytynyt selkeitä esteitä, vaikka pohjoinen ilmasto lisääkin kausit-

taista vaihtelua yksittäisten menetelmien tehokkuuteen. 
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1. INTRODUCTION 
 

In the past decade the Intergovernmental Panel on Climate Change (IPCC) has declared 
floods to be one of the most recurring and extensive effects of the climate change (Willems 

et al. 2012). Yearly urban floods affect billions of people (World Bank, 2026) and cause 

tens of billions of US dollars’ worth of damages (Ferreira and Shi, 2023). The effects are 

severe on essential services, people’s safety, economies, the environment and also cul-

tural heritage (Ferreira and Shi, 2023). There are two main reasons why urban floods have 

become more frequent. First, the increased worldwide urbanization which has resulted in 

a rapid replacement of natural pervious surfaces with impervious surfaces such as asphalt 
and concrete. This phenomenon prevents water from infiltrating to the ground as it would 

do naturally and thus causing urban runoffs. Second, while the foregoing is already putting 

pressure on urban sewage systems, the rise in the frequency of extreme rainstorms will 

take the risk of severe disaster even further. (Willems et al., 2012)  

Stormwater refers to rainwater and snowmelt on surfaces in urban areas (Hulevesiopas, 

2020). When large volumes of stormwater gather on specific areas, it poses a flood risk. 

Proactive stormwater management is a forward-looking, preventive practice to mitigate ur-

ban flood risks (Fletcher et al., 2015). Flood prevention and runoff management have be-
come important components of sustainable urban development.  

Numerous techniques have been developed to mitigate stormwater-related challenges, for 

example, runoff control and flooding risk control. One of these approaches, the sponge city 

concept (SCC), has gained considerable attention for its effectiveness in promoting natural 

water infiltration, storage, and reuse within urban environments. SCC was first introduced 

in 2013 and since then, it has been implemented in 30 cities in China alone, and in multiple 

other cities in Asia and Europe (Jia et al., 2022; Stevanovic and Eggimann, 2024; Ariyanti 

et al., 2025; Kłopotek and Ocieczek, 2025). The principle of SCC is to promote the natural 
water cycle in cities by placing sustainable stormwater management at the core of urban 

development. Its aim is also to introduce natural water storages and catchment methods 

while utilizing already existing infrastructure. SCC has numerous additional functionalities 

such as enriching cities’ ecosystem services and social amenities, purifying water and re-

charging groundwater reserves. (Chan et al., 2018; Dai et al., 2018) True to its name, 

SCC’s goal is to enables cities to absorb water like sponges (Chen et al., 2021). This is 

achieved by an abundance of techniques including permeable pavements, green roofs, 
rain gardens, artificial lakes and wetlands (Chan et al., 2018). Application of such resilience 
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enhancing techniques is critical as the climate is anticipated to become more unpredicta-

ble. Not only does SCC make cities more flood resistant it also helps them utilize caught 

stormwater better.  

The goal of this study is to introduce the SCC and examine how it could be applied to 

Finland. This is achieved by a survey of peer-reviewed articles. This work follows two main 

research questions. 

1. What does the SCC include and how does it differ from other similar approaches?  

2. Which parts of the SCC are applicable to Finland? 

The scope of the study is to focus on the SCC mechanism and its hydrological effects 

rather than going too much into the economical, ecological or social benefits. While the 

concept's large-scale urban application is examined through its origins in subtropical and 

monsoon regions (e.g., China), the primary focus of this study is the adaptation of these 

technologies to boreal and subarctic environments (Finland), where freeze-thaw cycles 

and snowmelt dynamics present unique hydrological challenges. 

The second chapter of the thesis presents the principles of the SCC and how it relates to 

similar concepts such as Low Impact Development (LID) and Blue and Green Infrastruc-

ture. At the end of the chapter is a brief study on one of China’s SCC pilot cities, Wuhan. 

The third chapter studies future flood risks in Finland and the approaches Finland has taken 

to tackle them. The fourth chapter explores how SCC can be applied and what challenges 

and opportunities lie there. The final chapter discusses the conclusions of the study. 
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2. SPONGE CITY PRINCIPLES AND OTHER AP-
PROACHES 

 

This chapter presents the principles of the SCC and the theory behind their effects. SCC 

utilizes many different technical approaches, which are introduced. This chapter also pro-

vides comparison between SCC and other related technologies or approaches. The last 

part of this chapter is a brief case study of Wuhan, a popular sponge city pilot city. 

 

2.1 Sponge city concept 

Generally, there are two main approaches to urban runoff management: grey infrastructure 

and a greener approach. Grey infrastructure is the result of traditional engineering. It is a 

centralized drainage system that’s main goal is to direct runoff to outlets as quickly as 

possible (Jia et al., 2022). Green infrastructure, on the other hand, aims to retain and store 

water at its source as a decentralized system using natural elements. The arrangement 

can also be a combination of these, like the concept of the sponge city. SCC was devel-

oped to cater to China’s over-reliance on traditionally engineered drainage systems, the 

grey infrastructure (Chan et al., 2018). The traditional flood mitigation approach in most 
Chinese cities has been to conduct stormwater out of the area to downstream passages 

as fast as possible (Jia et al., 2022). This, however, has not been enough to prevent floods 

caused by intensified rainfalls in the past decades (Jia et al., 2022). Another problem is 

that it carries pollutants, oil and heavy metals from cities to receiving waterbodies. On top, 

it doesn’t recharge groundwaters on the urban area. To these mentioned problems SCC is 

more than a quick fix, it is a proactive approach to urban hydrological problems for the 

future climate extremes (Chan et al., 2018). As two thirds of world’s population is expected 

to live in cities by 2050, mitigating climate extremes’ impact on them is crucial (Nizamani 
et al., 2026). 

SCC tackles stormwater related challenges in three main steps: First, SCC utilizes Nature-

based solutions (NBSs) to reduce peak discharges by source control and bioretention. Bi-

oretention is a process where biological and physical processes reduce runoff and remove 

pollutants from the water (Xia et al., 2018; Hulevesiopas, 2020). Second, it integrates al-

ready existing infrastructure by adding flood-resistant elements like underground water-

storages to collect excess runoff. Thirdl, it adds multi-beneficial natural elements such as 
wetlands, lakes and green spaces, that have a high capacity to absorb water. It also re-

stores ground water reserves and enhances ecosystems and livability (Chan et al., 2018). 
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SCC is a complex of decentralized small infiltrative and retentive units and larger storage 

facilities that work as a proactive complex as shown in Figure 1. SCC can be either utilized 

in building new urban areas or brought to old areas with renovations. Constructing new is 

thought to be easier and more cost-effective (Jia et al., 2022). 

 

 

Figure 1. Conceptual illustration of a sponge city 

 

Soil has a good capacity to absorb water when it’s not inhibited by impervious pavement 

(Ferreira and Shi, 2023). Sponge cities exploit this by replacing concrete with permeable 

pavements, enabling water’s natural infiltration at is source. Permeable pavements have 
proven to decrease urban runoff, purify water as it soaks into the ground, recharge ground 

water reserves and, also help reducing the urban heat island effect. Especially in combi-

nation with green areas, this is a very efficient way to lessen runoff locally. Permeable 

pavements are constructed from permeable asphalt, and they are a great solution for res-

idential areas, walkways, and less busy streets. However, they cannot be used in highways 

or roads with a high traffic load. (Eisenberg, Lindow and Smith, 2015; Jia et al., 2022)  

Green infrastructure or Nature Based Solutions (NBSs) are another way sponge cities con-

trol urban runoff. In restoration of the natural hydrological cycle, natural elements need to 
be reintroduced into urban areas. An increase in ecological spaces is essential to cities’ 
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climatic resilience. Urban green spaces, such as parks, green roofs or even small flower 

beds, can have a substantial increase in water retention and ground’s infiltration capacity 

(Jia et al., 2022). Plants help to reduce runoff peaks by slowing the current by absorption, 

interception and evapotranspiration (Hulevesiopas, 2020). As the size of the green infra-

structure site increases, so do the benefits, although they are always site-specific (Jia et 

al., 2022). Bioretention cells, also known as rain gardens, are especially designed for 

source control and they are considered the most effective method in quantity and quality 
control (Roseen et al., 2009). A typical rain garden consists of a shallow dent filled with 

different ground layers (Tegos and Malamos, 2022). Coarse filling materials, such as gravel 

and sand on the bottom increase water’s fast infiltration. Above them is a denser ground 

layer that prevents excess evaporation. On the top of the layers are plants with a high 

absorbing capacity of water. Runoff from a larger area is conducted towards the swale. 

This way they improve the hydrological performance of an area bigger than the structure 

itself. Along with water, rain gardens capture nutrients and pollutants and stop them from 
harming waterbodies. (Burszta-Adamiak et al., 2023; Jia et al., 2022)  

Constructed wetlands and stormwater ponds are NBSs that have a big impact on sponge 

cities’ ability to resist urban flooding. Their ability to hold up to millions of liters of storm-

water, though depending on their area, combined with their natural water purification pro-

cesses make them a very effective tool for sponge cities (Schaad et al., 2008; Rizzo et al., 

2017). Wetlands have a good rate of clarifying water by removing impurities such as nitro-

gen, phosphorus and lead (Jia et al., 2022). In fact, they have proven to be more money 

and energy efficient than traditionally engineered systems (Scholz, 2006). Plants in wet-
lands utilize nutrients from the water and create a passage for gases. In addition, diverse 

microbial activity, both aerobic and anaerobic, helps to remove excess pollutants (Scholz, 

2006). Wetlands are designed to hold a water layer to prevent them from drying out (Rizzo 

et al., 2018). Their ability to hold water and avoid floods combined with the ability to stay 

wet during dry periods make them important ecosystems.  

The concept of sponge cities can give off the impression that they are the opposite of grey 

infrastructure when in fact sponge cities utilize already existing grey infrastructure. Obtain-

able infrastructure is optimized to work with other SCC components. Grey infrastructure 
can either be a combined or a separate system. A combined system means that storm-

water is conducted to the same treatment plant as sewage. This system used to be imple-

mented more and can still be found in older European and North American cities (Willems 

et al., 2019). Its benefit is that the stormwater gets treated well before it’s released to wa-

terbodies, but its resource demand is too high and it can also result in combined sewer 

overflow. The separate system is more widely used nowadays and even reinforced by law 

in many countries, such as Finland (Milieu, 2016; Hulevesiopas, 2020). In the separate 



 

6 

 

system sewage and stormwater are managed in parallel pipelines, so they don’t mix. This 

system’s challenge is that often stormwater is released to nature untreated (Willems et al., 

2019). On its own grey infrastructure has proven to be insufficient when it comes to flood 

management in large cities. It does have many valuable functions such as reducing peak 

flow volume (Chen et al., 2021). The suitable combination of green and grey infrastructure 

has proven to be the most efficient way to reduce urban floods, and this green-grey ap-

proach is the very core of SCC (Chen et al., 2021). For example, deep tunnels and under-
ground storage facilities can increase a city’s capacity to manage water considerably. 

A sponge city can be a combination of some of these techniques or all of them. The result 

is always case-specific depending on the goals, area available and other features of the 

site. 

 

2.2 Comparing SCC with related approaches  

As sustainable water treatment has become more widely applied, terminology has also 

evolved. This poses a challenge, because similar ideas are called with different names in 

different parts of the world (Fletcher et al., 2015). This chapter attempts to clear the confu-

sion created by many overlapping terms. The observed approaches are Green Infrastruc-
ture, LID, Water Sensitive Urban Design (WSUD), Sustainable Urban Drainage Systems 

(SUDS) and the conventional grey infrastructure water management. These practices, 

apart from the grey infrastructure approach, are relatively new technologies that try to an-

swer to the complexity of urban water challenges with a more holistic approach. (Jia et al., 

2022) 

LID is a form of source runoff control proposed first in the US and is strongly based on 

natural solutions and the usage of green infrastructure. It also goes by the name Nature 

Based Solutions (NBS). LID or NBS is a site-specific approach, where natural systems are 
integrated to small urban areas, such as buildings’ roofs. Its aim is to be cost-effective, 

because it utilizes the sites natural layout (Fletcher et al., 2015). Along with helping to 

reduce peak runoff, it also has multiple other benefits such as enhancing urban ecology 

and reducing the urban heat island effect (Jia et al., 2022) LID cannot, however,  solve all 

urban water problems on its own. It is found to be the most effective when paired with grey 

infrastructure. (Jia and Wang, 2017) 

SUDS is a term first presented in the UK in 2007. It proposes LID-designs but also consid-
ers the usage of grey infrastructure and the recollection of water and its usage. It is recog-

nized to not only improve cities’ liveability but also to lower residents’ stormwater and en-

ergy consumption fees. (Jia et al., 2022) 
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WSUD is a concept developed in Australia in the 1990s. Much like SUDS, its purpose is to 

emphasize the natural water cycle. The goals are also to manage water balance, improve 

water quality, and promote conservation of waterbodies (Fletcher et al., 2015). It connects 

stormwater systems to a whole water system to create an integrated complex. A challenge 

it has faced is fragmented management. (Jia et al., 2022) Apart from SCC, SUDS and GI, 

the term WSUD refers to a process rather than its product (Fletcher et al., 2015). 

Conventional grey infrastructure is not effective when it comes to enhancing resilience in 
cities. Its construction is unsustainable for its material’s, concrete’s, large carbon footprint 

and it doesn’t offer any ecological or social benefits (Chen et al. 2018). As presented in 

chapter 2.1, both separate and combined sewage systems have their challenges.  

Table 1 compares SCC with related approaches on their main goal, scale, runoff control, 

water reuse, ecological benefits, management style and cost effectiveness. The table is a 

general review. It is important to acknowledge that the features of, for example, LID and 

green infrastructure are mostly site-specific. SCC differs from its relative approaches 
mainly by its scale. 
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Table 1. Comparison of different stormwater management approaches (Chan et al., 2018; Jia et al., 2022). 
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2.3 SCC implementation example: case Wuhan 

Wuhan is the capital of Hubei Province and it has a population of 9.1 million, which makes 
it the 9th most populous city in China (World Population Review, 2026). Wuhan is known 

for its numerous waterbodies: it has many lakes and a river that splits into two in the center 

of Wuhan. Wuhan’s abundance of water sources ensures its water security, but it has also 

increased waterlogging and floods (Dai et al., 2018). Due to poor water treatment the wa-

terways are also contaminated. As the climate change develops, Wuhan is predicted to 

face much harder rainfall than now (Dai et al., 2018). Previously Wuhan’s water systems 

have secured a great storaging ability, but urban development has replaced the natural 

sponge systems with concrete infrastructure (Li and Yan, 2019). Wuhan was considered a 
priority in the sponge city program for its recurrent severe floods in the last decades (Zheng 

et al., 2022).  

Wuhan was part of the first batch sponge cities. From the year 2015, 455 Sponge struc-

tures have been built to the central districts of Wuhan. The most famous part of the project 

is the Garden Expo Park, which was built on a garbage patch of 30 km2. The park has 

many sponge city elements like pervious pavements and water recollection and purifica-

tion. (Dai et al., 2018) Another great SCC development was returning shoreline to its orig-
inal ecological state, which helps to prevent fluvial floods (Jia et al., 2022). Since the 

sponge city project in Wuhan started, changes to urban runoff have been visible. The effect 

has been the biggest on a medium flow year with a 40% reduction in overland flow and a 

73% reduction in pipe overflow (Lin et al., 2024). Time will show how well the sponge sys-

tems endure and how they must be maintained.  

SCC in Wuhan has been great from many vantage points, but it does not come without 

limitations. In Wuhan the sponge system does not yet suffice in mitigating floods in rainfalls 

with a return period of over 5 years (Lin et al., 2024). Additionally, the Government in China 
has been keen on building the SCC’s but it has not shown much interest in funding proper 

maintenance for the structures (Lin et al., 2024). When not maintained properly, sponge 

cities’ LID-units might deteriorate. This results in, for example, plant coverage decline and 

silting of waterways, which lessens the city’s water storing capacity (Lin et al., 2024).  
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3. STORMWATER MANAGEMENT IN FINLAND 
This chapter presents the climate in Finland and discusses the effects climate change is 

predicted to have on Finland. The chapter also outlines the characteristics of stormwater 
management in Finland and what approaches are taken to adapt to the changing climate.  

 

3.1 Projected flood risks in Finland 

Finland is climate-wise mostly boreal and has sub-arctic characteristics in its northern re-

gions (Olsson et al., 2015). Finland has four seasons. Winter and summer are the most 

distinct seasons, summers are typically short and rainy, and winters are cold and snowy 

(Olsson et al., 2015). Spring and autumn are transitional seasons. Finland experiences 

moderate precipitation throughout the year, although in the winter water comes down as 

snow. Summer is the rainiest season in Finland (Olsson et al., 2015).  

Climate change is predicted to have many effects on the Finnish climate and hydrology 
(Valtioneuvosto, 2023). It is already feasible that the snowy season has shortened with 1–

2 weeks compared to the 1980–2010 mean and in the southern regions over a month 

shorter compared to the mean of 1961–1990 (Valtioneuvosto, 2023). During winter the 

snow is predicted to rain increasingly as water and permanent snow cover becomes rare 

in southern parts of Finland (Olsson et al., 2015). Droughts are reasonably scarce in Fin-

land, but in the changing climate periods of continuous hot weather are predicted to inten-

sify (Valtioneuvosto, 2023). This might lead to droughts during the summer. Overall, how-

ever, precipitation levels are predicted to rise in the 21st century. This can both increase 
and decrease the flood risk.  

The sea level rise is not predicted to affect Finland instantly, because the land along Fin-

land’s coast still rises as an effect of the latest ice age (Valtioneuvosto, 2023). That means 

the sea level rise does not pose such a flood risk it does in other coastal cities. In Finland’s 

current climate the biggest flood risk is in the spring when melting ice and snow causes 

intense runoff. Usually during that time the ground is frozen, which hinders infiltration and 

leads to water overflow (Hulevesiopas, 2020). As mentioned in the preceding paragraph, 

the level of precipitation is predicted to increase in Finland as the global climate changes. 
This means that the probability of high return period rainfall events rises. The distribution 

of rainfall over the course of a year is not projected to be even. The biggest rise in precip-

itation is to be seen in the winter and, challenging to Finnish agriculture, the rise will be 

relatively modest in the growing season (Ylhäisi et al., 2010). Although winters are pre-

dicted to have more precipitation, the rise in temperature will mean that winter precipitation 

stresses stormwater management systems more gradually. The flood stress is predicted 
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to shift from spring to winter in the future. Temperature rise will also cause the ground frost 

to decline in thickness (Valtioneuvosto, 2023), which enables better ground infiltration also 

in the winter/spring season. Despite a decreased flood risk in the near future, on the whole 

the flood risk is predicted to double or even triple by 2100 (Valtioneuvosto, 2023). 

Finland prepares for the effects of climate change by constructing new buildings, especially 

critical infrastructure, outside flood risk zones (Valtioneuvosto, 2023). As floods can appear 

in unpredicted areas, houses are equipped with flood shielding and site-scale stormwater 
management (Valtioneuvosto, 2023). Climate change is said to be considered in all areas 

of development. Finland is committed to EU’s adaptation strategy, which obliges member 

states to promote NBSs in stormwater treatment (Valtioneuvosto, 2023). The many func-

tionalities and advantages of NBSs’ are recognized in Finland, but Finland needs more 

willingness to fund the implementation and research on the NBSs’ as the first choice of 

action (Valtioneuvosto, 2023). Even though stormwater management is largely the mu-
nicipalities’ responsibility, the state conducts a survey of the flood situation every six years 

for a better overall view. According to the knowledge they make uniform adjustments to 

policies (Valtioneuvosto, 2023).  

 

3.2 Local practices and challenges 

Finland has legislation for water management (including stormwater management) and 

flood risks where it regulates the responsible parties regarding stormwater management 

and flood prevention. Finnish Ministry of Agriculture and Forestry is the authority that fol-

lows the implementation of laws regarding flood and stormwater management (Tul-
variskilaki 620/2010, 2010). On properties, stormwater management is the responsibility of 

the property owner, but on densely built areas, such as city centers, stormwater manage-

ment is the responsibility of municipalities (Hulevesiopas, 2020). Municipalities are also 

responsible for assessing the biggest flood risk areas, creating flood risk maps of their area 

and planning flood mitigation for flood prone areas (Tulvariskilaki 620/2010, 2010).  

In Finnish urban areas, between 50–80% of impermeable surfaces produce runoff that is 

directed to drainage systems (Hulevesiopas, 2020). In most of Finland, stormwater is con-
ducted to drainage systems that lead water directly to waterway outlets. Older city regions, 

like central Helsinki, still utilize combined sewage systems even though they cause many 

problems and building new combined systems is prohibited (Hulevesiopas, 2020). The 

Finnish water treatment legislation prohibits conducting stormwater to sewage systems in 

buildings that that are built later than 2015 and it obliges properties and urban regions to 

have an intentional stormwater management system (Vesihuoltolaki 2001/119, 2001).  
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Stormwater in Finland is managed in two measures: regional and site scale. The concept 

behind the regional scale stormwater treatment is to reduce peak runoff and to prevent 

flooding. Site scale methods are designed to also level runoff peaks, enhance infiltration 

and to purify runoff. Site stormwater management is crucial to preventing moisture damage 

on buildings. (Hulevesiopas, 2020) In both scales it is important to consider the character-

istics of their catchment areas. Stormwater can be divided to two categories, cleaner roof 

catchment, that can be directed straight to waterways or the ground, and dirtier matter that 
needs to be treated before releasing (Hulevesiopas, 2020). The treatment can be anything 

from flowing thought a ditch to going through a more advanced biofiltration system, such 

as a rain garden (Hulevesiopas, 2020). Finland is in many places reliant on groundwater, 

so when it comes to infiltration, groundwater contamination needs to be considered care-

fully (Hulevesiopas, 2020). Stormwater grouting is restricted on areas, where contamina-

tion risk is high and in these areas stormwater must be conducted elsewhere.  

Finland has a base line for stormwater treatment, but there is room for improvement espe-
cially as weather conditions get more severe. When considering the implementation of a 

newer approach it is extremely important to understand the local challenges. For example, 

Finland’s climate is very different to the climate SCC was designed to. This means that the 

methods must withstand a cold climate and more changeable weather. 
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4. APPLICATION OF SPONGE CITY PRINCIPLES 
TO FINLAND 

This chapter discusses SCC’s applicability to the target country, Finland. Finland has some 

potential barriers to the application of sponge city concepts that this chapter outlines.  

 

4.1 Constrains on implementing sponge city concepts in Finland 

There is plenty of literature on the function of blue-green-infrastructure in the subtropical 

climate, but not as much on the colder regions, especially for the time of winter and snow-

melt (Gougeon et al., 2023). The climate in Finland is very different from the temperate 
climate to which the SCC was designed to. That is why a comprehensive utilization might 

not be possible and perhaps not even necessary. Finland is predicted to have heavier rain 

in the future, but still, it does not have as harsh rain conditions Southeast Asian countries 

like China have. There tropical typhoons are predicted to decline in frequency but increase 

in intensity (Chang et al., 2012), which puts an abrupt strain on the system. The total 

amount of rain in China is also on a different scale compared to Finland. For example, in 

the beginning of the 2020 decade average rainfall in China has been just above 2000 mm 

and in Finland it has been between 590–680 mm (Statbase, 2026). Though, as mentioned 
in the third chapter, SCC’s ability to prevent floods is limited, so perhaps it would suffice 

for Finland’s rain conditions.  

 
Apart from climatic differences, Finland does not have such megacities that China does. 

SCC was especially developed to mitigate the flooding problems in Chinese growing met-

ropolitan cities (Jia et al., 2022; Zheng et al., 2022). Finland is scarcely populated with 

many forests and lakes, that store water naturally (Venuti, Heinilä and Davids, 2025). With 

that, it might appear as if the water storing aspects of SCC are not necessary in Finland, 
but there too it is important to value water as a crucial resource.  

 

4.1.1 Effects of the cold climate 

A particular interest in this study is how the cold climate effects stormwater management. 

Frost has a challenging influence on hydrology, since it alters water density and aquatic 

chemistry (Roseen et al., 2009). Ice and snow are able to hold more contaminants than 

liquid water, which puts pressure on stormwater management systems during snowmelt 

(Gougeon et al., 2023). 
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The deployment of new stormwater management practices used to be hesitant in northern 

countries, like Finland, due to their heavy reliance on ground infiltration (Roseen et al., 

2009). In the subarctic region the topsoil is frozen mostly in the winter months. The general 

understanding has been that frozen ground media inhibits water from infiltrating to the 

ground (Roseen et al., 2009). This would mean that infiltration-heavy techniques, such as 

bioretention cells and permeable pavements, are less effective in the time they are the 

most needed, in the time of spring thaw. However, ground frost doesn’t directly equate to 
ground imperviousness and frozen ground media can have significant porosity (Roseen et 

al., 2009). It has even been show that methods reliant on ground infiltration functioned 

around the year even better than some conventional methods such as hydrodynamic sep-

arators and swales (Roseen et al., 2009).  

Water infiltration in the spring is best in areas with no snow removal in the winter (Gougeon 

et al., 2023). This might be due to snow acting like insulation for the soil. Considerable 

ground frost is caused mostly by autumnal frosts, when there is no snow yet to insulate the 
ground surface from the cold (Brady, 2002). In the future, when continuous frost periods 

decrease and autumns become more temperate, the impact of ground frost on ground’s 

infiltration capacity will not be significant.  

With the added effect of warmer winters and freeze-thaw cycles, the amount of frozen 

ground media is already decreasing, lessening its effect on ground infiltration. Infiltration-

based techniques, that are a substantial part of sponge cities, have proven to have a good 

performance despite some seasonal variability in their efficiency (Roseen et al., 2009). 

Although, effectiveness in the winter/springtime is important to study, summer is still the 
rainiest season in Finland (Olsson et al., 2015). Considering this, there is no significant 

reason to avoid applying infiltration-based techniques to colder regions.  

 

4.1.2 Biological activity 

Another challenge related to NBSs is the lack of plant and other biological activity in the 

winter months (Roseen et al., 2009). Plants have a great biofiltration ability, which helps to 

clear pollutants, such as nitrogen and phosphorus from runoff. Finland’s many climatic 

conditions and a short growth period makes absorption and bioretention the most active in 

the summer, but less functioning during winter (Hulevesiopas, 2020). There are some stud-
ies that examine the effects of cold weather to site-scale stormwater management with 

Storm Water Management Model (SWMM), but as Gougeon et al. (2023) notes “There is 

a knowledge gap in the assessment of BGI [Blue-Green Infrastructure] performances con-

sidering both large-scale implementation and cold climate challenges”. This does not 
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mean, techniques reliant on biological or plant activity ultimately do not work in Finland, 

they simply aren’t as active outside the growing period.  

Another factor that effects the productivity of plants besides cold weather is road salt that 

is used to deice roads in the winter (Gougeon et al., 2023). Salt is not removed after its 

function, instead, it travels with snow and ice melt to the ground or waterways altering their 

chemical balance. Although plants are sensitive to road salt, biofiltration is an important 

addition to snowmelt management, because runoff is often polluted from various sources. 

 

4.1.3 Green roofs 

Roofs account for large urban areas that inhibit infiltration to the ground. Mostly these areas 

are not in use for logistics or other important functions (Lönnqvist, Blecken and Viklander, 
2021). Green roofs utilize this unused horizontal space to absorb stormwater and to en-

hance urban ecology. They have proved to be an efficient method of source control. 

 
Roofs are a particularly harsh growing space for plants, because they get large amounts 

sun radiation and they are rarely shadowed. Droughts have a big negative impact on plant 

vitality because roofs are a shallow growing environment, that doesn’t have the same mois-

ture conditions as the ground (Lönnqvist, Blecken and Viklander, 2021). The shortage of 

droughts is why Finland’s sub-arctic conditions might be better for them, especially when 
used resilient native species, such as lichen and moss. There is little information about the 

effect of increasing freeze-thaw cycles on the structures underneath green roofs, but that 

might pose a challenge in the future for structure durability. 

 

4.1.4 Swales, ponds and wetlands 

Swales, ponds and wetlands are all stormwater management practices that retain water 

with large volumetric capacity. They are situated lower than the level of surrounding 

ground, so runoff flows there gravitationally (Hulevesiopas, 2020). Although, ground frost 

on the surface level inhibits some of the water infiltration, any depression from the ground 
level works as a structure that retains water (Hulevesiopas, 2020). Since they are not solely 

based on infiltration, they can hold water even if the bed is impervious, frozen or if biological 

activity is low at times. As presented in sub-chapter 4.2 vegetated systems have a great 

seasonal decline in activity outside growing period. Wetlands, however, are a subsurface 

treatment method, which means, that activity, like biofiltration, takes place underneath the 

water surface. This has shown to make them less liable to seasonal change (Roseen et 

al., 2009).  
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Bioretention cells have the best ability to control runoff quality and quantity combined (Ro-

seen et al., 2009). As Finland struggles with stormwater pollution, bioretention cells are a 

great way to, for example, manage contaminated snow melt. Along with overall effective-

ness, bioretention cells have shown relatively minor sensitivity to cold climate and the effect 

of deicing salts (Gougeon et al., 2023). These qualities make bioretention cells a great fit 

for the demands of Finnish stormwater management. 

 

4.1.5 Other barriers 

Implementing NBS’s to Finland has not been straightforward. Promoting NBSs’ have faced 

legal barriers and unclear distribution of responsibilities. Stormwater management is 

mostly municipalities’ responsibility, but especially property ownership has posed difficul-

ties (Venuti, Heinilä and Davids, 2025). Finland would need cross-sector collaboration and 

clear regulation that obliges municipalities to promote NBS’s even on private or already 

built properties (Venuti, Heinilä and Davids, 2025). 

SCC is a concept that covers a whole city, so its scale is even larger than that of NBSs’. 

Sponge city construction requires large initial investments, which means implementing 
SCC needs sturdy political decisions and support from residents. Residents’ awareness of 

the aims of the sponge project would require multifaceted communication for different de-

mographic groups (Zheng et al., 2022). Acceptance might be hard to achieve if the imple-

mentation means disruptive renovations on populated areas. When compared to China’s 

governmental policy making, executing such entities in Finnish cities requires determina-

tion. Finland’s policymaking system is more decentralized and emphasizes civic engage-

ment. This is why local councils might lean towards a more divided system.  

  

 

4.2 Integration of sponge city elements to Finnish stormwater man-
agement 

No place is completely safe from the effects of the climate change, which is why it is im-

portant to have a strategy on applying resilience enhancing practices even if it doesn’t 
seem critical yet. When applying a practice such as the SCC, characteristics of the Finnish 

climate and geography along with other limitations need to be considered to prevent non-

optimal positioning (Gougeon et al., 2023).  

Against common belief, winter has a smaller impact on the functionality of structures like 

bioretention cells, permeable pavements and wetlands. Even though they are frozen during 
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winter, frost does not equate to impermeability. As winters in Finland are expected to get 

more temperate, it gives even smaller reason to avoid using these solutions. 

Stormwater management practices in Finland are required to reduce peak runoff, store 

stormwater and to purify runoff. According to Table 2 and 3 overall, the most effective 

structures from the ones utilized in SCC are wetlands and stormwater ponds. The best 

structures to manage runoff peaks are wetlands, ponds, bioretention cells and storage 

tanks. Then again, the best structures for substance removal are permeable pavements, 
swales, ponds and wetlands. Although bioswales don’t have the best score in infiltration or 

nutrient removal,  they are considered the most effective single structure for cold climate 

areas due to their lack of seasonal variation (Roseen et al., 2009). Wetlands and ponds 

have shown more seasonal variation, but they are effective most of the year. 

 

Table 2. Efficiency of sponge city’s stormwater quantity management practices in Finland 
(Hulevesiopas, 2020). 

 Urban flood 
management 

Peak runoff 
control 

Infiltration 

Permeable pave-
ments 

1 2 3 

Green roofs 1 2 1 

Swales 2 2 3 

Wetlands 3 3 2 

Stormwater ponds 3 3 2 

Bioretention cells 2 3 2 

Water storage 
tanks 

2 3 1 

Comparison of different methods on stormwater quantity management.  

3 = significant positive effect 

2 = moderate positive effect 

1 = minor positive effect 
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Table 3. Matter removal efficiency of sponge city’s stormwater management practices in 
Finland (Hulevesiopas, 2020). 

 Solid matter 
removal 

Total phos-
phorus re-
moval 

Total nitro-
gen   re-
moval 

Permeable pave-
ments 

3 3 2 

Green roofs Irrelevant Irrelevant Irrelevant 

Swales 3 3 2 

Wetlands 3 3 2 

Stormwater ponds 3 3 2 

Bioretention cells 3 2 1 

Water storage 
tanks 

2 1 1 

Comparison of different methods on stormwater quality management.  

3 = significant removal capacity 

2 = moderate removal capacity 

1 = minor removal capacity 

 

 

An effective stormwater management system cannot only rely on one method, since differ-

ent sites have different requirements considering water quantity and quality. That is why it 

is important to combine different methods even when they might not seem generally the 

most effective on their own. There seems to be no explicit reason to avoid any component 

of SCC in Finland. As shown earlier in this chapter, some parts have proven to work better 

for Finnish conditions such as, bioretention cells, swales and wetlands. They could be em-

phasized more in planning and land use. 

Not every part of the concept is necessary to adopt, especially in each region. For example, 
the city of Tampere has many lakes, which have a great water storing capacity. This way 

underground components, such as storage tanks may not be necessary even when the 

precipitation levels rise. Tampere’s stormwater management system needs to focus on 
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runoff filtration to protect the ecological condition of its waterbodies and groundwater (City 

of Tampere, 2023).  

Greener stormwater management is often applied to already constructed areas, where ar-

rangements are always specific to the site (Gougeon et al., 2023). This has led to frag-

mented management practices which react to the problems at hand rather than follow a 

cohesive strategy. To implement NBSs effectively, they must be integrated to regional de-

velopment plans before being implemented on a local plan scale (City of Tampere, 2023). 
That is why an extensive approach is necessary. Implementing SCC would, however, re-

quire compromises between effectiveness and the site’s needs. In very densely built city 

centers for example, a comprehensive source control might not be possible to achieve 

cost-effectively.  

Overall stormwater management strategies of Finnish cities reflect a shift in the general 

attitude towards NBSs and responsible stormwater management practices. For example 

the cities of Helsinki and Tampere both acknowledge a need for more blue-green infra-
structure and have plans on implementing them (City of Tampere, 2023; City of Helsinki, 

2018). SCC has a lot to offer to urban stormwater management despite cold conditions 

and thus it should be considered in long-term development plans for Finland. 
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5. CONCLUSIONS 
 

This study has three primary objectives: first, to define the sponge city concept and present 
its associated practices, second, to present the methods linked to SCC and provide com-

parison between them, and third, to evaluate SCC’s applicability to Finland.  

The SCC was approached through general overview and a brief case study on Wuhan. 

SCC stands for the sponge city concept, which is a holistic approach for stormwater man-

agement. Its main emphasis is on implementing NBSs to urban areas, that struggle with 

flood management. After its presentation in China in the 2010s, it has spread as a design 

basis for numerous other cities. SCC has three main aims, which are to utilize source con-
trol to reduce peak runoff volumes, to apply water storing infrastructure and to implement 

multi-functional green spaces, that can absorb water and restore groundwater reserves. 

SCC is a city-wide coherent system, that takes proactive steps towards climate resilience 

in cities. SCC utilizes LID structures, including bioretention systems and wetlands as well 

as green infrastructure, such as green roofs. Additionally, it integrates engineered solu-

tions, such as permeable pavements and water storage tanks to manage stormwater ef-

fectively. 

Most cities still rely solely on grey infrastructure for their stormwater management, but 
many approaches, similar to the SCC, have been developed around the world. This study 

presents briefly SUDS, WSUD, LID and green infrastructure. Also grey infrastructure was 

included in the comparison to offer a clear reference point. The comparison between dif-

ferent management styles was not straight forward, because many of them are very similar 

and the concepts overlap. Expectedly, grey infrastructure varied the most from the other 

concepts. It doesn’t utilize natural systems, and in most cases, it has no water retention, 

recollection or filtration of any kind. Its main aim is to drain water as fast as possible without 

taking in consideration factors like waterway contamination. The other concepts apply 
NBSs, but the biggest differences between them are water recollection, the scale and the 

integration to grey infrastructure. SCC is clearly the most wide-ranging concept, that utilizes 

components from many other practices.  

Finland’s conditions differ from where the SCC was first designed to. Finland’s climate is 

boreal with sub-arctic features and Finland is very scarcely populated compared to China. 

This raised the question, is the application of the SCC even necessary to Finland and if so, 

which parts of it would work. The climate models predict that rainfall will intensify and flash 
floods will become more occurrent in the future. At the same time Finland might face dryer 



 

21 

 

summers. This means, that urban areas need systems that reduce peak runoff, purify run-

off and recollect water for later use. Finland could benefit from a proactive, long-term de-

sign basis like the SCC.  

Finland has four distinct seasons. Especially winter and spring have harsh weather and 

during those times, the stormwater management systems are required to work. The aim 

was to discover which parts of the SCC would endure the Finnish climate and which parts 

wouldn’t function as well. The findings suggest that stormwater management practices 
such as bioretention cells, permeable pavements and wetlands have a smaller seasonal 

variance in functionality than expected. There is no reason to avoid using them especially 

when considering that autumns and winters are becoming more temperate in the future.  

Finland would benefit from a comprehensive plan that the SCC promotes. SCC would be 

a step towards a set of precautionary measures that have a long-term effect on cities’ re-

silience. Even though Finland has very different characteristics from China, the SCC would 

offer improvements to urban hydrology in Finnish cities. The design would need to be on 
the city’s terms emphasizing the increase of green spaces, bioswales, underground water 

retention, and wetlands.  

With the rise in extreme weather events all over the globe, the SCC is a promising improve-

ment in the right direction of pursuing more resilient cities. Although it might not be enough 

on its own to save cities from the effects of climate change, in combination with other resil-

ience enhancing technologies it will help to revive the urban water cycle. It also shapes our 

view of city hydrology into understanding the hidden value of stormwater.  
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