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This thesis presents a comprehensive approach of 

the Sponge City concept by developing an 

assessment framework that captures the key 

aspects of the Chinese concept. Sponge Cities, 

characterized by their use of Green and Blue 

Infrastructures for urban water management, have 

gained attention as a sustainable approach to 

mitigate the impacts of climate change and enhance 

urban resilience. However, the recently defined 

concept is in need of tools to help assess the 

effectiveness and impacts of Sponge Cities. The 

methodology employed a combination of scientific 

and gray literature to gather relevant data. On top 

of providing a better overall understanding of the 

concept, the analysis produced tools to make the 

evaluation of cities through the scope of the 

Sponge City easier. The findings of this research 

contribute to the advancement of knowledge in the 

field or urban water management, in particular 

from the perspective of non-western concept. The 

developed assessment framework provides a 

valuable tool for evaluating cities in regards of the 

key elements promoted by this concept. This work 

is also embodied in the context of the Paris 

Agreement and the integration of the Sustainable 

Development Goals across Nations by 2030.  
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ACRONYMS 

MHURD = Ministry of Housing and Urban-Rural Development 

GST = General Systems Theory 

BMP = Best Management Practices 

LID = Low Impact Development 

SUDs = Sustainable Urban Drainages Systems 

WSUD = Water Sensitive Urban Design 
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INTRODUCTION 
Natural or man-made hazards had already impacted people’s lives, destroying their homes, 

affecting them mentally and physically as well as having huge economical consequences to 

overcome the damages generated (Sendai Framework 2015). Moreover, the situation is not 

going to improve yet, many hazards are exacerbated by climate change, increasing their 

frequency and their intensity. Indeed, the rise of the global average temperature, disrupting the 

climate, is and will affect cities and everything connected to it in one way or another (Fyson et 

al. 2021; IPBES 2019). Cities are at the same time, actors of this shift but also highly vulnerable, 

their development is often associated with sealed pavements and a shift from natural 

infrastructures to artificial ones (Scalenghe and Marsan 2009). They shaped the landscape and 

their cities in order to fit their requirements, disturbing the natural processes and the water cycle. 

The lack of knowledge multiplied by climate change led to the incapacity of cities to adapt, 

resulting in increased risks for the population and other socio-economic issues.  

If sealed cities appeared to be the symbol of modernism and technology during the past century, 

the trend is now changing with the adoption of international agreement like the Aichi 

Biodiversity Targets, which focus on biodiversity (IPBES 2019). And the United Nations’ 2030 

Agenda for Sustainable Development (SDGs), with its 17 Sustainable Development goals 

adopted by 194 parties during the Paris Agreement in 2015 (United Nations 2015). These 

parties have agreed to reach some defined goals and keep the temperature increase under +1.5°C 

(UNFCCC 2020). General agreements like the SDGs are pushing nations and so on cities to 

improve the situation that could benefit the development of concepts on sustainable urban water 

management such as the Sponge City.  

However, these agreements might not be enough, in the fifth Assessment Report (AR5), the 

Intergovernmental Panel on Climate Change is assessing what could be the future climate by 

2100 according to different scenarios called RCPs for Representative Concentration Pathways 

(Stocker et al. 2014). The scientific community has defined four different scenarios. According 

to the (IPBES, 2019), objectives of sustainability set by the international organizations cannot 

be met with the current trajectory, in fact to contain the increase of +1.5°C, global emissions 

between today and 2030 have to be reduced by 50%. The current trajectory makes it likely that 

warming will exceed 1.5°C during the 21st century and make it harder to limit warming below 

2°C (IPCC-AR6 2023). Further efforts are needed to have a fundamental change across 

different sectors: economic, social, political and technological factors. 

It is undeniable that the climate crisis and human activities are linked, in their report (IPCC-

AR5, 2013), the Intergovernmental Panel on Climate Change called for immediate reduction of 

Greenhouse Gases (GHC) emissions to reduce and slow down as much as possible the impacts 

of climate change. The different challenges our planet is experiencing and will continue to 

experience according to the projections and the current pathway we are on will push our society 

and so on, our cities to evolve and find new ways to reverse the trend but to adapt as well to the 

new conditions and prepare for more powerful and frequent events. 

This master’s thesis will have a further look at urban water management and seek to investigate 

one of the concept aiming at reducing flood risk and water management issues while addressing 

other problems such as the biodiversity crisis and other socio-economics challenges. The 

objective of this paper is to develop a Sponge City Assessment Framework based on chosen 

indicators that constitutes and defines the sponge city concept. In a few words, this study aims 

https://www.zotero.org/google-docs/?9XlgRa
https://www.zotero.org/google-docs/?46JVtS
https://www.zotero.org/google-docs/?46JVtS
https://www.zotero.org/google-docs/?ZodKZm
https://www.zotero.org/google-docs/?RvT2fj
https://www.zotero.org/google-docs/?broken=QwKH41
https://www.zotero.org/google-docs/?broken=LA6U0S
https://www.zotero.org/google-docs/?broken=rd15zk
https://www.zotero.org/google-docs/?broken=aZN3Ov
https://www.zotero.org/google-docs/?WD28MS
https://www.zotero.org/google-docs/?broken=EX1RFq
https://www.zotero.org/google-docs/?broken=EX1RFq
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to contribute to the development of climate-resilient cities through the scope of Sponge Cities. 

By doing some investigations on the concept, this thesis seeks to provide an understanding of 

the Sponge City which could help or guide municipalities and stakeholders to adapt and mitigate 

the effects of climate in an urban environment. The analysis will be divided in three different 

parts, the Analysis 1 and 2 will focus on the understanding of the concept and the best way to 

translate the understanding of it into measurable elements. Then, the Analysis 3 will combine 

the findings from the previous parts to create the Sponge City Assessment Framework and 

describe each indicator one by one. 

1.1 PROBLEM ANALYSIS 
Statistics are showing (Figure 1), that the world population is still  increasing, especially in 

developing continents like Africa and Asia. This growing population is also characterized by a 

shift from rural to urban population. Indeed, we can see with the (Figure 2), that since 2007, 

the curves crossed and now more people are living in cities. Today the percentage of people 

living in an urban area around the world is around 55%, that means 4.1 billion people, and they 

are predicting 5 billion in 2030 and 6,4 billion in 2050 (Gu, 2019). This shift from rural to urban 

is a global trend, and if, for the current developed countries, it happened during the previous 

century with the industrialization and the need of labor force with the new industrial methods, 

developing countries in Asia and Africa are experiencing this tendency in the 21st century (Gu, 

2019). Nowadays, the foreign market oriented strategy is based on the cheap labor 

manufacturing forces from developing countries. The fast economic growth is characterized by 

rapid urbanization, hundreds of millions of rural surplus laborers flow toward cities and well-

developed coastal cities (Gu, 2019). In summary, the growing population in addition to the 

economic possibilities cities are representing are attracting the rural population seeking for jobs 

and better quality of life.  

Figure 1: Repartition of the 

population across continents and 

projections until the year 2045 

(HYDE, 2017; UN, 2022; 

Gapminder, 2023) 

https://www.zotero.org/google-docs/?broken=lmSD38
https://www.zotero.org/google-docs/?broken=lmSD38
https://www.zotero.org/google-docs/?broken=lmSD38
https://www.zotero.org/google-docs/?broken=DMTILh
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However, the trade-off of this fast urbanization can lead to an additional pressure on the water 

supply, the wastewater and waste management systems (Sim and Balamurugan 1991). Indeed, 

in developing countries, water supply and sanitation in urbanized areas are facing many 

challenges. Three main factors have been identified by (Van der Bruggen, Borghgraef, and 

Vinckier 2010), such as the growing population, the lack of infrastructure and investments in 

infrastructure, and limitations to natural water resources.  Van der Bruggen, Borghgraef, and 

Vinckier (2010) are also mentioning that these factors can be significantly influenced by 

political decisions, instability, poverty and wars. In fact, the lack of basic services such as Water 

Supply are leading to situations like in the Indonesian capital. Indeed, in order to have access 

to freshwater, the population of Jakarta are pumping groundwater from the aquifer, which is 

impacting the city and its inhabitants directly, making the city sink and increasing flooding risks 

(Erkens et al. 2015; Lubis 2018). 

A clear statement to link urbanization and the increase of inequality cannot be made, at least it 

does not apply everywhere. The study made by (Kanbur and Zhuang 2013), focuses on four 

Asian countries. Their conclusions revealed that urbanization has increased inequalities in their 

study area. However, on the other side, the study made by (Wan, Zhang, and Zhao 2022) stated 

that urbanization helped reduce inequalities in developing countries.  

Nevertheless, developing countries in Asia for instance, are struggling to provide basic services 

to the entire population. Indeed, even if the economy is growing, investments in safe drinking 

water, sanitation services, solid waste collection and many other services are lacking. Only 50% 

of the urban population have access to safe drinking water supplied through piped connection, 

while 20% still lack improved sanitation facilities. In addition, the lack of resources or 

knowledge from the governments to build wastewater treatment infrastructures are resulting in 

surface and groundwater pollution (Dahiya 2014). 

In addition to the above paragraph, the increase in built-up areas is also giving arguments in 

favor of the development of Sponge Cities and similar concepts. Urban land cover will increase 

by 315% between 2000 and 2050 (Angel et al. 2011). The expansion of urban settlements, often 

occur at the expense of nature, causing fragmentation in the natural habitat, reducing ecosystem 

services, participating in the biodiversity crisis (Seto, Güneralp, and Hutyra 2012), and 

Figure 2: Trend of the world urban 

and rural population (World Bank 

based on data from the UN 

Population Division) 

https://www.zotero.org/google-docs/?broken=dtQzn7
https://www.zotero.org/google-docs/?broken=oxtlLX
https://www.zotero.org/google-docs/?broken=oxtlLX
https://www.zotero.org/google-docs/?broken=oxtlLX
https://www.zotero.org/google-docs/?broken=oxtlLX
https://www.zotero.org/google-docs/?broken=bdOYxg
https://www.zotero.org/google-docs/?broken=Z8osV2
https://www.zotero.org/google-docs/?broken=drdsxP
https://www.zotero.org/google-docs/?broken=cIgfSN
https://www.zotero.org/google-docs/?broken=tvXWPa
https://www.zotero.org/google-docs/?broken=Zn0e9v
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modifying the natural flow of water and impacting the level and quality of natural reservoirs 

(Wang et al. 2008). 

Urbanization is also responsible for aggravated the effects of natural disasters. The overuse of 

concrete and sealed surfaces has increased urban heat island effects (Tan et al. 2010) and 

reduced water infiltration, increasing the risk of flooding (Depietri and McPhearson 2017). The 

impervious ground in addition to the lack of infrastructures have negative effects in terms of 

rainwater management, leading to flooding issues and other natural disasters. Adding to this the 

undersized water drainage network due to rapid expansion and you increase even more the 

vulnerability of cities and its inhabitants regarding flood risks (Chitwatkulsiri and Miyamoto 

2023).  

These elements and challenges cities around the world are facing are being exacerbated by 

climate change, causing more frequent and powerful hazards. As stated in the (IPCC-AR6 

2023) climate change is not only characterized by more floods but also by more heat waves, 

more drought, more risks to health and food production as well as many other parameters. 

Hence, it is affecting to a certain extent a wide range of people living in urbanized regions but 

above all, it is impacting the ones directly dependent on the ecosystems like the local 

communities and indigenous people for instance. Flooding is a major issue affecting some 

regions around the world more than others, and raises many concerns for the economy but also 

the health and well-being of the population. Some regions and cities around the world are more 

at risk than others regarding flooding. Like the ones exposed to tropical storm, typhoon and 

monsoon (Torti 2012), as well as the population living along the coastline, exposed to sea level 

rise, storm surges and salinity intrusion, resulting in major impacts on the economy, the 

population and the well development of the country (Raitzer et al. 2016). 

We have seen that climate change and urbanization are two of the biggest challenges facing 

cities around the world. As the population is expanding and cities as well, it is essential to 

develop innovative strategies and solutions to build more resilient, sustainable and livable cities, 

having less impact on the environment. It is important to identify and analyze these various 

factors in order to develop effective strategies and solutions to address the problem. Now that 

we understand the problems and challenges cities are facing, I will explain in the next section 

why there is a need to create a Sponge City Assessment Framework. 

 

1.1.1 Drivers of this thesis 

Climate change is already impacting many cities around the world and some organizations like 

the C40 have made it their central point of interest. The C40 cities organization is a global 

network comprised of 100 cities around the world aiming at collaborating to limit the global 

heating to 1.5°C, and build healthy, equitable and resilient communities. These cities, which 

are witnesses of the impact of climate change, are working together for scaling up climate action 

across many sectors. The CDP is another organization, a non-profit organization, working in 

collaboration with intergovernmental agencies, governments and associations in order to 

provide support to cities, companies, states and regions to measure and manage their risks and 

opportunities on climate change. The data they have collected shows the most exposed cities 

towards hazards and identifies the consequences as well as the strategy, barriers and enablers 

to answer these issues. After having a look at the data provided on their website (CDP 2018), 

we can realize that each corner of the world map is vulnerable to hazards. The score given to 

https://www.zotero.org/google-docs/?broken=Yngycl
https://www.zotero.org/google-docs/?broken=XetGYt
https://www.zotero.org/google-docs/?broken=edMSun
https://www.zotero.org/google-docs/?broken=ATHPj4
https://www.zotero.org/google-docs/?broken=ATHPj4
https://www.zotero.org/google-docs/?broken=VEYNgI
https://www.zotero.org/google-docs/?broken=VEYNgI
https://www.zotero.org/google-docs/?broken=uNfa3S
https://www.zotero.org/google-docs/?broken=hYtfN5
https://www.zotero.org/google-docs/?broken=U3A5Sv
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cities has been calculated by multiplying the number of risks reported by the severity. Cities 

around the world are not impacted in the same way, hazards are different according to the 

geography, the climate, the population and infrastructures. Although, among the most exposed 

cities towards hazards are found: Sidney (Oceania), Cape Town (Africa), Manilla (Asia), Rio 

de Janeiro (South America), Barcelona (Europe) and Miami (North America). Hence, no one is 

spared regarding climate change and cities must act to become resilient and work with Nature 

instead of against it (CDP 2018).  

To highlight these facts, there is a need to investigate more in some of the examples mentioned 

earlier. We could notice from the example that cities affected by hazards are very different, one 

from the other. By their geography, the local climate as well as by their GDP and socio-

economics challenges. 

Cape Town in South Africa is one of them. The city is experiencing frequent heavy rainfall 

during the winter from May to September (Pharoah 2014). As a result, the study from 

(Ziervogel and Smit 2009) estimates that between 32,000 and 34,000 people were displaced 

each year due to flooding for the period from 2007 to 2009. In addition, to costly damages to 

property, roads and infrastructures flooding are causing (DiMP 2010), there is the threat to 

citizens, where the most vulnerable population towards these events appeared to be the poorer 

(Pharoah 2014). Indeed, residents of informal settlements in Cape Town are experiencing 

flooding. Due to urban sprawl, unplanned habitation developed on wetlands or other flood-

prone areas (Pharoah 2014). Moreover, even when informal settlements are not located in flood-

prone areas, it does not mean that the population is not vulnerable. Poorly designed dwellings 

constructed with inappropriate materials suggest a greater exposure regarding floods and other 

hazards compared to concrete and brick houses with drainage infrastructure (Pharoah 2014).  

In Europe, Barcelona is one of the most affected cities by hazards. For the period from 1980 to 

2017, economical damages were considerable (32.2 billion), where two-thirds of these damages 

costs are associated with flood impacts (Martínez-Gomariz et al. 2021). As a consequence of 

climate change and the rising temperatures altering the hydrological cycle, more frequent and 

intense events may occur resulting in higher damages costs and other threats to people and 

nature if nothing is done (European Environmental Agency 2016). Barcelona has a 

Mediterranean climate, experiencing heavy rainfalls of high intensities and flash flood events. 

Nevertheless, the reasons why rainfall is a problem in this city are multiple. The local rainfall 

pattern can often be characterized by 50% of the annual precipitation within two or three rainfall 

events (Martínez-Gomariz et al. 2021), on top of the old drainage infrastructures combining 

wastewater and rainwater, in most cases leading to overflow of the system and then flooding. 

Additional aggravating factors like the fact that the city is situated on a flat surface between 

mountains/hills and the sea. As well as the high rate of imperviousness (70%) of the ground 

guiding run-offs towards the low-lying areas of the city. These elements are causing critical 

flooding with significant economic damages, increasing the possible risk of service 

interruptions and other associated repercussions (Martínez-Gomariz et al. 2021). These 

components combined pushed the municipality to look into storm-water management with help 

of other solutions rather than the traditional one. Topics like Sustainable Urban Drainage 

Systems (SUDs) are being investigated by researchers and tested by the municipality (Nóblega 

Carriquiry, Sauri, and March 2020).  
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In Asia, due to the climate and the monsoon, many mega cities in India, China and Southeast 

Asia for instance are suffering from flooding and related issues. Manila and more precisely the 

greater Manila area is one of the hotspots. Its geographical position, situated in a tropical 

monsoon climate zone, is causing serious problems to the city. Experiencing perennial flooding 

due to the local climate as well as regular typhoons combined to its proximity to the coastline 

and the fact that the city is located at sea level results in frequent floods (Nga and Fukushi 

2017). In addition to the elements associated with the geographical position of the city, other 

factors exacerbate the flooding situation. Indeed, the city’s rapid urbanization with poor 

capacity from the river channels and infrastructures to evacuate the water as well the lack of 

maintenance, informal settlements, institutional and financial constraints are not helping with 

the context (JICA 2001). Having this information has a background allows, to understand 

challenges the city and the inhabitants are facing. The study from (Nga and Fukushi 2017), 

linked floodings to direct health issues with rising infectious risks according to the severity of 

the inundation. Among the population, children between 5 and 14 years-old are most 

vulnerable. However, more frequent and powerful events will affect a wider portion of the 

population. Unfortunately, issues in Manila and the Philippines are not only climate related. 

Undeniably, the country is also under the threat of earthquake, tsunami and volcanic eruptions, 

making Manila one of the least resilient cities in the world due to the combination of high 

hazards susceptibility, the high population density and the insufficient level of preparedness 

(Diola 2014).  

We have seen with these few examples from around the world that every city needs to feel 

concern about climate change which is causing more powerful and frequent events at the four 

corners of the planet. Hazards can take many forms regarding the place you are living on earth. 

Areas around the tropics are more susceptible to experience monsoon, flash floods and heavy 

rainfall. Coastal cities are under the threat of sea-level rise and even European cities are 

vulnerable. Indeed, one fifth of European cities with over 100,000 inhabitants are very 

vulnerable to river floods according (European Environmental Agency 2016). To add more 

complexity to these issues, some factors worsen the situation. The under-sized or nonexistent 

infrastructures to deal with hazards on top of informal settlements for instance are increasing 

the vulnerability of the population, more specifically low-income groups. Vulnerability and 

resilience towards climate tarnish the image of a city, making it less attractive and influencing 

tourist activities leading to potentially less incomes in the local economy (Fitchett, Grant, and 

Hoogendoorn 2016). 

1.1.2 Background of the Research Question 

On top of the growing economy and the multiplier effects such as climate change, built-up 

environment, diversity of species and lack of infrastructures, the call for a solid urban water 

management is essential in the race towards sustainability. Based on the current situation, the 

emerging concept of Sponge City, which refers to a city that has been designed to absorb, store, 

and use rainwater to mitigate the impacts of floods, droughts, and other extreme weather events, 

could be a good point of departure for my research paper. This quite recent concept tackles the 

issues mentioned earlier, but it also the representation of a non-western point of view to deal 

with issues related to water in urban areas. 

In recent years, the rise in urbanization and climate change have created significant challenges 

for many cities around the world, particularly in vulnerable regions and developing countries 

(Asian Development Bank 2009). Cities rapid expansion combined with inadequate 
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infrastructures and a lack of effective disaster preparedness, had led to increased vulnerability 

to natural disasters such as flooding and landslides. In the field of sustainable urban 

development strategy, resilient and Sponge Cities have gained in popularity. This concept could 

be one of the solutions towards climate mitigation and adaptation. 

The Chinese concept of Sponge City has been regulated and developed by the Chinese 

government (Xiang et al. 2018). Even if they recognize the possible implementation of their 

concept outside China, the available data regarding the construction and design guidelines or 

monitoring and assessment methodology are found in Chinese. Adding to this the unique way 

of financing these projects, which relies on three sources (Xiang et al. 2018). The central 

government is delivering a special subsidy for the selected pilot cities representing around 20% 

of the total investments. Then the local government contributes for 40% and the remaining 40% 

comes from non-governmental investments (Xiang et al. 2018). In this context, it makes it 

difficult to plan the implementation of sponge cities outside China. Moreover, initiatives like 

the “Global Sponge Cities Snapshot” (Arup 2023), using only a part of the concept in their 

assessment is creating more confusion in the comprehension of what Sponge Cities really are 

and what are the elements associated with it. The lack of clarity on the topic with relatively 

little information shared by the Chinese government in English in addition to inappropriate use 

of this term by other entities is creating a need. Indeed, this thesis aims to provide guidelines 

based on the Sponge city concept. The current need for our cities around the world to become 

resilient and reach the SDGs as quickly as possible requires more accurate and upgraded tools 

to help this process. 

1.2 RESEARCH QUESTION 
The implementation of Sponge City projects is relatively new (Xiang et al. 2018). Therefore, 

there is a need to investigate and develop different tools that can provide a standardized and 

systematic approach to evaluate the performances or the status of cities according to the Sponge 

City concept. This assessment framework does not aim to compare cities with each other and 

rank them. Instead it will provide to a wide range of cities, a simplified tool that does not require 

a lot of data, a tool which is able to guide municipalities towards a city that mitigate flood risks 

and climate change following the principles of a non-western point of view, the Sponge City 

Concept. Reducing the indicators to the most crucial ones will help reduce the cost to get the 

data and make it more accessible. This assessment framework is being seen as a first step 

towards “Resilient city” by tackling the most crucial challenge which is, vulnerability to floods, 

climate change as well as the biodiversity crisis and the loss of ecosystem services. Another 

interesting point, that is justifying the necessity of this work is the fact that at the moment, most 

of the concepts aiming at using natural solutions to mitigate the impacts of climate in cities are 

symbolizing a specific context. In fact, concepts like Sustainable Urban Drainages (SUDs) in 

the UK, Water Sensitive Urban Design (WSUD) in Australia and Low Impact Developments 

Urban Design (LIDUS) in New Zealand are all representing solutions adapted to western 

countries (He et al. 2019). Indeed, their perspective and the principles attached to these concepts 

are adapted to solve issues occurring in developed countries in the first place. Asian/Chinese 

Sponge City Concept is bringing a novel insight to deal with water in cities (Nguyen et al. 

2019), promoting adaptation and acceptance of floods with a hybrid landscape evolving in 

accordance to the seasons.  

In conclusion, the analysis of the current gaps in the research are leading to the following 

Research Question:  
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How can the Sponge City Assessment Framework be utilized to assess the effectiveness and 

impacts of various BGI interventions and strategies in cities? 

In order to delve deeper into the main Research Question, this study has identified three sub-

questions that will guide the reader throughout the report. These questions are integrated into 

the research design and will help to shed light on specific aspects of the larger investigation. 

By addressing these sub-questions, we gain a more comprehensive understanding of the overall 

topic and its relevance. 

The first sub-question aims to explore how the General System Theory (GST) can be used as a 

theoretical framework to identify the key elements and components of the Sponge city concept. 

By applying the principles of System Theory, the study will delve into the relationships and 

interactions between the various components of the Sponge city framework, and how they 

contribute to achieving the overall objective of sustainable urban development.  

SQ1: By using the General System Theory which key elements and components of the Sponge 

city concept can be emphasized?  

The following sub-question will investigate available indexes focused on sustainable, resilient 

cities or similar topics and will identify the key indicators that should be included in the sponge 

city framework for assessing the effectiveness of a city in mitigating climate change. The 

second sub-question requires the elements discovered after answering the first sub-question.  

SQ2: What are the key indicators that should be included in the Sponge city framework for 

assessing the effectiveness of a city to mitigate climate and bring multiple co-benefits? 

Finally, the last sub-question will combine the elements found in the two previous sub-questions 

in order to develop the Sponge city assessment framework. The final part of the results will 

introduce each indicator, their grading systems, which data they need and the way of calculating 

them. Ultimately, the outcome of this thesis, the Sponge City Assessment Framework will be 

presented as a whole, expressing the representation of the concept.  

SQ3: How can the Sponge City Assessment Framework express the true representation of the 

Sponge City Concept? 

1.3 RESEARCH DESIGN 
The research design of this study is based on a systematic literature review approach. To 

comprehensively investigate and evaluate the Sponge City Concept, a combination of scientific 

articles and gray literature will provide this thesis with diverse data. The research design 

includes three different analysis but connected to each other.  

The first analysis aims to answer the first sub-question: By using the General System Theory 

which key elements and components of the Sponge city concept can be emphasized?  The 

analysis will dive in more details into the sponge city concept, what it represents and its 

characteristics in order to help define the right indicators for the Sponge city assessment 

framework. Analysis 1 is based on official documentation delivered by the Chine Ministry of 

Housing and Urban-Rural Development (MHURD) and scientific articles gathered from the 

Web of Science.  

The second analysis is directly integrating the findings from the previous analysis to build on 

it. This section seeks to answer the second sub-question: What are the key indicators that should 

be included in the Sponge city framework for assessing the effectiveness of a city to mitigate 
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climate and bring multiple co-benefits? This part of the analysis will investigate the different 

existing indexes on sustainable cities by highlighting their strengths and weaknesses regarding 

the objectives of this thesis and the potential indicators that can be integrated or took as an 

inspiration into the Sponge City Assessment Framework.  

Finally, the Analysis 3 will answer the last sub-question: How can the Sponge City Assessment 

Framework express the true representation of the Sponge City Concept? The last part of the 

analysis will combine the results coming from the two previous chapters in order to develop the 

Sponge city assessment framework. This section will also provide a description of each 

indicators in a sort of an handbook, describing the grading system as well as well the way of 

getting the data and the further information on calculations when needed.  

 

Figure 3: Research design for the realization of this thesis (figure from author) 

1.4 CONCEPTUAL FRAMEWORK 
Among the different concepts in Urban Water Management, the term Sponge City is relatively 

new and was presented for the first time in 2013 by the Chinese president Xi Jinping in response 

to the urban issues caused by urbanization and dramatic flood events, which caused huge losses 

of lives and properties (Xia et al. 2017). Consecutively, from the end of 2013 and the beginning 

of the 2014, the concept aiming in decreasing national flood risk, increasing water supply and 

https://www.zotero.org/google-docs/?NpT05U
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improving water quality has been defined by the State council of China with the publishing of 

guidance for Sponge cities, which describes the construction and design for a range of urban 

infrastructure (Griffiths et al. 2020). This initiative by the Chinese governments in response of 

climate change has been inspired by other national concepts like the “Low Impact 

Development” (the USA), “Water Sensitive Urban Design” (Australia), “Sustainable Urban 

Drainage Systems” (the UK) and “Low Impact Urban Design & Development” (New Zealand) 

(Griffiths et al. 2020; Peng and Reilly 2021). These concepts as well as the differences with the 

Sponge City Concept will be further investigated later in the thesis. The long term goal aims a 

complete integration of the Sponge City concept in urban development, planning and 

construction management by 2030; with more than 80% of municipal areas able to recycle 70% 

of incident rainfall (Griffiths et al. 2020). In order to realize this plan a coalition of three 

ministries, the Ministry of Finance (MOF), the Ministry of Housing and Urban and Rural 

Development (MOHURD) and the Ministry of Water Resources (MWR) selected 16 pilot cities 

out of 130 candidates in first place. Another 14 cities were selected a year later in order to have 

a complete representation of the different landscape, climate conditions and hydrological issues 

you can find in China. In order to reach these objectives, the governments have allocated a 

budget for each of these cities, going from US$57 to US$85 million per year (for 3 years) 

according to the size of the city (Chan et al. 2018; Griffiths et al. 2020). Their performances are  

evaluated and their subsidy re-evaluated upward or downward in regards to the results (Griffiths 

et al. 2020). The ‘sponge city concept’ term has been defined by the Chinese governments on 

the General office of the state council’s platform with the help of different documents like the 

‘Sponge City Technical Guidelines’ and the ‘Instructions on Promoting Sponge City 

Construction’ for instance. However this document hasn’t been translated directly into English 

by the government, that is why I will mention what has been highlighted by (Qiao, Liao, and 

Randrup 2020). A sponge city is described as “a city which has the flexibility to adapt to 

environmental changes and natural hazards by absorbing, retaining, infiltrating and purifying 

water and by releasing and utilizing the stored water when it is needed” as well as “as an 

approach to urban development where urban planning and construction management take full 

advantage of the absorption, infiltration and retention functions of buildings, roadways, green 

spaces and aquatic and other ecosystems, to control stormwater runoff. Sponge City is 

described as a form of urban development that achieves natural storage, infiltration and 

purification” (Qiao, Liao, and Randrup 2020, p4). Despite the multiple benefits the concept is 

designed for, the relatively new implementation still needs to be tested against heavy rainfall to 

be able to judge the effectiveness of the concept at a city scale.  

The following section presents two case studies that illustrate the successful implementation of 

the sponge city concept. In both of these cases, due to rapid urbanization and the national 

policies, the city had to find a solution that provides multiple benefits. From these two cities, 

one of them, Haikou, a city with 2.3 million citizens is located in a sub-tropical climate and the 

other one, Nanchang, with a population of 6.2 million is situated in a more temperate area. 

Nevertheless, both of these cases are experiencing recurrent monsoon events, which is 

characterized by heavy rainfall causing potential damages in an urban area that is not adapted. 

Both case studies addressed the problem with a holistic answer with the help of nature-based 

solutions. The Chinese design institute, Turenscape, has realized these two projects. They have 

planned and designed 1000 ecological projects in China. These two cases address challenges of 

climate change and urbanization, while also providing a range of benefits such as improved 

biodiversity, social and cultural values and economic benefits (TURENSCAPE 2019; 2021).  
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We have seen with these two cases, a part of the potential of the Sponge City. By having the 

same approach of restoring the natural landscape into multi-purposes areas, they are solving 

different problems. Indeed, for the first case, on top of the shift from concrete to green 

landscape, the project is providing recreational areas to the communities and solution to purify 

runoffs and sewage from the surroundings. The second case study looked into formerly polluted 

areas and transformed them into an urban park providing a solution to store storm water, provide 

ecosystems for biodiversity and recreational areas for the inhabitants. Together these two case 

studies are addressing different abilities of a Sponge City: reduce flood risks, reduce surface 

runoff pollution, treat sewage water, enhance or recover the natural landscape and provide 

recreational opportunities for people. These two examples are only representing a part of the 

concept, that it why this thesis seeks to investigate Sponge City in order to reveal the full scope 

of its abilities.  

Given the multiple benefits of Sponge Cities and the national policy, many cities in China  are 

now exploring the potential of this approach. However, to implement sponge cities effectively, 

it is necessary to develop an assessment framework that can evaluate the performance of the 

sponge city concept and guide decision-making. This is where the importance of a sponge city 

assessment framework comes in.  

1.5 THEORETICAL FRAMEWORK 
To help me during the realization of this thesis I chose to work with a system theory, namely, 

the General System Theory (GST). In order to understand the theory I have selected, it is 

relevant to understand its origins. The one I have picked is part of a larger group called Systems 

Theory, which was introduced for the first time in the 19th century by the English sociologist 

and philosopher, Herbert Spencer and the French social scientist Emile Durkheim. It was first 

inspired by Darwin’s Theory of Evolution and where focusing on the society and social systems 

(Gibson 2016). Systems Theory is now seen as a group of theories that share a common focus 

on understanding systems as a whole rather than as a collection of individual parts. The study 

of systems as a whole, aiming to understand the interrelationships and interactions between 

different components of a system. Basically, Systems Theory can be found in various 

disciplines such as natural and ecological sciences, chemical and biological disciplines, 

sociology and psychology for instance. And the idea of Systems Theory is the fact that each 

system is based or connected to other concepts developed by other theories (Mele, Pels, and 

Polese 2010). 

The General System Theory or GST is one of the key systems approaches. Defined by Ludwig 

von Bertalanffy in 1956, it is described by the author as a general approach that can be used 

and integrated into various sciences. The theory is not specific to a particular domain because 

its principles are expressed as a complex set of interacting elements, providing general 

principles valid to all systems (Von Bertalanffy 1968; Mele, Pels, and Polese 2010). Therefore, 

(Von Bertalanffy 1950) was describing his theory as an important regulative device in science, 

an important means of controlling and instigating the transfer of knowledge and principles from 

one field to another. In addition, the author highlighted the idea that the GST is a general science 

of “wholeness”, where systems are either closed and open systems. Closed systems are systems 

isolated from the environment with no interaction while open systems are the ones interacting 

with their environments (Von Bertalanffy 1950; 1968).  
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In the case of the Sponge City Assessment Framework, the application of this theory will be 

helpful to understand the bonds between various systems and subsystems that are interacting 

with each other. Identifying the different systems could also help to manage and optimize the 

efficiency of sponge cities. By applying GST, we can also analyze how changes in one 

subsystem of the sponge city might affect the behavior of the entire system. The General System 

Theory should provide useful inputs for analyzing and improving the Sponge City Assessment 

Framework in this thesis and beyond.  

Methodology 
The methodology part is divided into different sub-chapters, starting by the philosophy of 

science the role of the ontology and epistemology in the research paper. It well then present the 

methods for Analysess 1, 2 and 3 describing for each of them, the collection methods, the 

analysis strategy and the limitations associated with it. 

This thesis aims to understand and identify the different drivers of a sponge city in order to 

build more resilient cities. The starting point of projects in urban planning, begin with the 

research and observation of the social world, what is real (Ontology), what we know 

(Epistemology) and how we can find out (Methodology) (Farthing 2016). Therefore, the 

following section will describe which pathway thesis is on by interpreting the nature of reality, 

and the nature of knowledge. 

The ontology is the philosophy of what is real, different concepts ensue from the ontology 

which can be categorized between objectivism and constructivism which can be respectively 

associated to positivism and interpretivism of the epistemology. On one side, objectivism and 

interpretivism is the action of dissociating our personal beliefs from the study and the 

importance of objectivity and evidence in the research (Al-Saadi 2014). It is a really scientific 

method, based on clear data collection and interpretation leaving no room for deduction, choice 

or freedom. On the other hand, constructivism and interpretivism are more subjective 

approaches, based on interpretation and the use of different senses (Al-Saadi 2014). While, the 

scientific approach objectivism and positivism are embodied, constructivism and interpretivism 

are more associated with social sciences, reflecting the researcher’s perspective without being 

able to dissociate the research from the author. For this thesis the ontological and epistemology 

assumptions will try to describe elements such as, “what is sponge city” or “what are the 

components of a sponge city” in order to make an argumentation based on the different 

scientific literatures and indexes I could find with the help of the concept and the theory 

described in previous chapters. The analysis claimed to be scientific and so on, the approach 

will follow principles from objectivism and positivism. To be more precise, a more elaborated 

and recent approach called post-positivism, which in comparison to the traditional way of 

thinking argues that knowledge is generated by testing and allows that reality can be known 

approximately (Al-Saadi 2014). Moreover, we have to keep in mind that the true nature of 

knowledge could be altered by different elements (Farthing 2016). In my case it could be 

affected by the context of my studies, a Master’s program on Cities and Sustainability based on 

problem analysis. My lack of experience in writing research papers in addition to my academic 

and professional background could let my interest in a topic as well as cultural values influence, 

to some extent, my way of perceiving the information, the same way, readers of this thesis will 

be influenced by their background and their interests.  
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2.1 METHODS: ANALYSIS 1 
Analysis 1 is a combination of Grey literature by having a look at official documents released 

by the Chinese government and a Systematic Literature Review conducted with the help of Web 

of Science. Part 1 and 2 consists of official documents released by the Chinese Government. 

Part 3 and 4 are different relevant literature on Sponge cities. The approach used to perform 

this analysis is following the principle introduced by (Berrang-Ford, Pearce, and Ford 2015), a 

method that is being described in the following paragraph and with the help of the upcoming 

figure (Figure 4). 

On top of the systematic literature review of scientific articles, conducting gray literature 

reiview is a good way  to investigate documents that can not be found with tools like the Web 

of Science (Paez 2017). Methodologies to achieve a gray literature are diverse. The strategies 

are: (1) searches in gray literature databases, (2) searches in clinical trial registers, (4) searches 

in conference proceedings and (4) searches with Google Scholar and Google (Paez 2017). The 

test realized at the early phases of the thesis showed some good results by using the last option, 

which is why this analysis will be based on the findings generated by Google Scholar and 

Google. The subsequent figure (Figure X) is describing the research method for the Analysis 2, 

following the principles introduced by (Berrang-Ford, Pearce, and Ford 2015). The literature 

search has been divided into different parts (four parts in total) and each of these parts are going 

through a two phase’s process in order to keep only the relevant papers to review. Part 1 and 2 

are looking into official documents and information released by the Chinese Government. The 

English version of the official website is very limited and does not allow you to look for 

information in English in the different libraries. That is why I had to use a simple method to 

prevent errors.  

For the Part 1, on the Chinese Government official website (www.gov.cn), a free access to three 

libraries is provided. The “State Council Policy Library”, the “National Regulatory Library” 

and the “Administrative Code Library”. Knowing that the entire website and the different 

libraries are all in the Chinese, I used the Google Translate extension, which is translating the 

entire the web page. However, in the first place the research has to be done in Chinese in order 

to, in a second place, be able to translate the results. That is why, while investigating these 

different libraries, I used a simple term “Sponge City” translated into Chinese “海绵城市” to 

prevent errors. By applying this method to the “Administrative Code Library”, (0) results came 

out of it. By applying this method to the “National Regulatory Library'' (3) results came out of 

it, however, after reviewing them, the documents were focused on specific areas in China, on 

specific cities and where indicating their specificity regarding the national guidelines, that is 

why none of them have been retained. From the last library, “State Council Policy Library”, (8) 

results came out of the research, after having a closer look at each of them, only (5) were 

retained for further review. The other documents were focusing on financial aspects of the 

Sponge City which is not the priority for this thesis. For Part 2, we know that all the official 

documentations on Sponge City are being delivered by the Ministry of Housing and Urban-

Rural Development (MHURD), that is why I did further investigation on their official website 

directly (www.mohurd.gov.cn). By using the same method and the key word “Sponge City” 

(399) results came out, I had to filter the results by excluding the “News” in order to focus on 

official papers. After narrowing it down, (80) results came out of it, and by executing phase 2 

consisting of reviewing the Title and the Description (Berrang-Ford, Pearce, and Ford 2015), 

the selection ended up with (7) documents. The inclusion criteria for these two parts consisted 

in documentation focusing on (1) Guidelines, (2) Standards, and (3) Updates on the planning, 
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design and construction phases of a Sponge City, excluding irrelevant aspects for this thesis 

such as financing methods, selection process of the pilot cities for instance. 

The Part.3 and 4 have been conducted with the help of Web of Science and limited to “Article” 

and “Review Article” excluding the other types of documents. During the process some key 

words like “Sponge city”, “Sponge city concept” have been used but the results were not 

convincing enough and too broad, generating too many results.  

Hence, in order to find the relevant documents that could lead to a satisfactory review, the 

following search was developed for Part 3 ((Title) “Sponge city” AND (Title) “Analysis”). 

Phase 1 finished, with (19) documents remaining, phase 2 began by selecting the relevant 

documents by reading Titles and Abstracts, (15) made it to this phase. A further review of the 

content led the selection to (6) papers that will be further investigated.  

To provide additional and overcome the few quantity of relevant documents generated by the 

Part 3, the last Part was also conducted on Web of Science, focusing on “Article” and “Review 

Article”. This time, the following search was used ((Title) “Sponge city” OR (Title) “Sponge 

cities”). Part 4 generated (255) results limited to (6) using the filter “highly cited paper”. Phase 

2 which consists of revealing the true meaning of the paper by having a look at the title, abstract 

and the content, conclusion led to the same number of research papers. Unlike the result from 

the Part 3, which analyzed what Sponge cities could accomplish, the Part 4 revealed papers 

focusing on the understanding, the opportunities and the implementation of the Sponge City 

concept, describing the general philosophy compared to similar concepts, which is also essential 

for the well development of the Analysis 1. 

The aim of the Part 3 was to concentrate the results on the analyses made by different scholars, 

and in order to take a decision whether or no an article need to be kept, some criteria had to be 

define. Results were selected for inclusion based on three criteria: (1) Focus on the effects, (2) 

Focus on the multi-objectives it is offering, and (3) Focus on comparative analysis. However, 

some unexpected topic, which were not part of the criteria in a first place such as the social and 

environmental costs of the sponge cities, had to be included in the results.  

Regarding the Part 4, inclusion criteria were defined, such as: (1) Articles on co-benefits, (2) 

Articles on performance and evaluation and (3)Articles on planning, design, implementation 

and construction. 
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Figure 4: Literature search and selection process divided into two distinct sections, the process for the gray literature on the left side with the Part 1 & 2, and the process for the scientific articles with 

the Part 3 & 4.  
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2.1.1 Bibliography 

Due to the relatively recent definition of the concept, none of the documents are preceding 

2015. The Analysis 1 is divided in two distinct sections. First, you have the Part 1 & 2, which 

are the gray literatures, delivered by the Chinese government. It is a mix of official guidelines, 

standards for the construction, evaluation and the assessment intended for Chinese pilot cities 

and update documents characterized by “Notice”. Secondly, the other section of this Analysis, 

represented by the Part 3 & 4 portray the systematic literature conducted with the Web of 

Science. Among the 12 documents selected from the systematic literature review (part 3 & part 

4), the geographical coverage of the literature is primarily Asian (8), more specifically Chinese 

(for 7). Europe represented by (3) documents and Oceania (1). These numbers are highlighting 

a different angle and approach of climate mitigation which make it even more interesting. The 

majority of the academic knowledge on Blue/Green Infrastructure has been generated to fit with 

the requirements of the global North region and the western countries (Hamel and Tan 2022). 

Taking an Asian/Chinese angle to these climate related issues is necessary and probably 

beneficial to reduce cities' vulnerability towards climate in Asia but probably other places 

around the globe as well. These papers can also be divided into various categories according to 

the direction the authors took and the elements they wanted to highlight in their work. The 

majority of these papers (5) are investigating the multi-benefits Sponge Cities are offering, (3) 

of them are looking at the efficiency by evaluating the effects of the solution. In addition, (2) 

are exploring the drivers for the construction of such projects, for governments, investors, 

developers and users for instance. The last (2) documents are cost related analysis, examining 

the cost effectiveness and social cost of Sponge City construction. The details of these different 

papers used during this analysis are referenced in Annex (Table 10). 

2.1.2 Data Analysis Strategy 

In order to define the true meaning of the Sponge city concept, this analysis will be divided into 

different parts. The first part of the Analysis 1 will be based on official documents delivered by 

the Chinese Ministry of Housing and Urban-Rural Development (MHURD) and relevant 

literature about Sponge Cities. This phase will help to define the true meaning of the concept 

and the differences it has with other similar approaches aiming at mitigating the effects of 

climate change by using natural solutions. After gathering the relevant data, with the help of 

the General System Theory (GST), the thesis will identify the different systems and subsystems 

of a Sponge City that will be needed for the rest of this paper, notably to guide the Analysis 2 

and the realization of the Analysis 3. The application of this theory will make the understanding 

of the Sponge City Concept easier, as well as more comprehensive and structured for the readers 

and users. The knowledge acquired, thanks to the literature review conducted and the use of the 

GST will be materialized into different figures to characterize the different interactions and 

links between the components.  

The main limitation of this analysis, which can be encountered in similar work having a look at 

specific topics embodied and associated with a country like China is the language barrier. 

Indeed, navigating and translating data from Chinese to English is time consuming and it is 

possible that, regarding the methods used, some relevant information shared by the Chinese 

Government have been missed. On top of this, the restricted access to scientific papers can also 

lead to gaps in my research. 

https://www.zotero.org/google-docs/?broken=YnbDuh
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2.2 METHODS: ANALYSIS 2 
While the analysis 1 used a mixed-method of scientific articles and Gray Literature Review by 

using governmental websites and Web of Science, the Analysis 2 will take another pathway by 

looking at the “Gray literature” only. Indeed, the use of Web of Science provides an academic 

point of view on the researched topic, which is essential. However, the gray literature review 

will contribute to offer another perspective, representing the drivers and challenges encountered 

by the professional world. The idea with the analysis 2 is to have a look at the work and more 

particularly at the different indexes produced by the major engineering, consulting, planning 

companies as well as associations, NGOs and governments’ participation in the field. The 

selection will focus on related topics to Sponge Cities like water management, biodiversity, 

resiliency and similar terms that will be described later.  

After testing keywords in both Google and Google Scholar, I chose to work with Google due 

to the fact that Google Scholar is more academic oriented. This method was given too many 

research papers, which is not the purpose of this analysis. In order to obtain satisfaction with 

the results, and try to have a holistic view of the sponge city as well as covering its different 

aspects, an array of keywords composition have been searched. Starting by the core of the topic 

with “Sponge City Index”, “Sustainable city Index” and “Resilient city Index”. To then, 

breaking it down to more specific terms such as: “Urban biodiversity Index”, “Urban water 

management Index”, and “Urban liveability Index”. All these terms are linked in two ways to 

each other. First, by the utilization of “Index” to generate results on assessment framework to 

take inspiration from their indicators. Secondly, with “city” or “urban” to keep a specific scope. 

The search targeted the first 10 results (equivalent to the first page) of each different part, which 

is equal to 60 links in total. The phase 2 permitted selecting the different links according to their 

titles and the small description, narrowing it down to (17) results. After reviewing the different 

links, the ones that were not respecting the different inclusion criteria, consisting of: (1) the 

availability of the document, (2) its origin, being non-academic delivered by a well-known 

company or institution, and (3) providing an index with defined indicators. This last phase 

filtered the documents to (6) results that will need to be further reviewed. The selection of 

indexes will allow to evaluate different aspects of the sustainability or resiliency of a city 

according to different angles, providing a wide range of indicators to pick from. The literature 

search and selection process is being described in the figure below (Figure 5).  
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Figure 5: Literature search and selection process divided into several sections, each of them (6 in total) is representing a search 



Aalborg University  Master Thesis 

 

22 

 

2.2.1 Bibliography 

All the selected indexes are identified to be used in an urban environment and the great majority 

of them were delivered by well-known institutions or companies like the United Nations, Arup, 

the CBD, the European Environmental Agency, the Rockefeller Foundation or The Urban 

Taskforce, a non-profit organization representing Australia’s most prominent property 

developers and equity financiers. These indexes are relatively recent, nine years ago for the 

oldest one. This parameter is important to make sure that the challenges and indicators 

addressed in those tools are still up to date and relevant to look into. In terms of geographical 

impact, half of them are intended to be applied in a specific region of the world and the other 

half, aims to be carried out around the different cities around the world. According to the type 

of indexes, they can be divided into two different categories. The ones that are looking into 

multiple dimensions (2 indexes). For instance, (The Rockefeller Foundation and Arup 2014) 

investigates four dimensions to assess the resiliency of a city, it is looking into “Health and 

Well-being”, “Economy and Society”, “Infrastructure and Environment”, “Leadership and 

strategy”. The (UNIDO 2017) are using the Sustainable Development Goals (SDGs) to evaluate 

the sustainability of cities. On the other side, the other indexes (4) are investigating one 

particular area (anthropocentric, biodiversity, sponginess). The details of these different papers 

used during this analysis are referenced in Annex (Table 11). 

2.2.2 Data Analysis Strategy 

After defining the different systems and subsystems of a sponge city in the previous analysis, 

this chapter aspired to take inspiration from the indicators and grading system used in the 

selected indexes to apply them or take inspiration from, in order to realize a Sponge City 

Assessment Framework. Further investigations on the indexes will permit a comparison of their 

approach and identify the important elements as well as emphasised their strengths and 

weaknesses regarding of what a Sponge City is trying to achieve. Another element that could 

guide me into my work is the level of difficulty to find the data for one indicator. Indeed, since 

this thesis seeks to produce a simple Sponge City Assessment Framework that can be applied 

easily by municipalities around the world, the accessibility to the data will be a parameter taken 

into account for the selection of indicators.  

The access to possible relevant indexes has, in rare cases, been compromised, avoiding having 

a closer look at the paper and so on excluding them from the results of the final selection. 

2.3 METHODS: ANALYSIS 3 
The analysis 3 aims to answer the last sub-question: How can the sponge city assessment 

framework help for decision making regarding the urban water management? It will combine 

the knowledge acquired with the two previous analyses. This final analysis will bring the final 

product, the Sponge City Assessment Framework. In addition, this section will also provide a 

handbook of the indicators comprised in this framework. Different sections such as a 

description of the indicator, the calculation method as well as the way of getting the data with 

some links to websites or which institutions to reach. This catalog is also providing the grading 

system with different level of points based on the performance of the studied city. 

ANALYSIS 1 
The introduction showed us that the effect of climate change will be experienced all around the 

planet. Some places more than others, due to their geophysical location or due to their level of 

preparedness for instance. Cities, with their density, are one of them. The change in land use, 

https://www.zotero.org/google-docs/?broken=Og3I0i
https://www.zotero.org/google-docs/?broken=YzOfLV
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as a consequence of a growing population as well as the rapid urbanization and the natural 

development following this, made of cities, one of the main actors to climate change but also 

one of the most vulnerable places towards it. Urbanization transformed the natural landscape 

and diverted water flow lines to expand cities and respond to social and economical 

development. In the process, artificial methods to control water were implemented, replacing 

the natural infrastructure into canals, sewer systems and dams for instance (Scalenghe and 

Marsan 2009). However, this system has its limits, especially when the growing population in 

cities is combined with the under-sized infrastructure and the increase of more powerful and 

frequent events (Sim and Balamurugan 1991; Van der Bruggen, Borghgraef, and Vinckier 

2010). To overcome these challenges, new concepts emerged since the end of the previous 

century, promoting the use of natural solutions. In addition to relieving the traditional system 

to prevent flooding in cities, these natural solutions are advocating many side benefits in terms 

of hydrology, but also for nature and people. The Analysis 1 which aims to answer the first sub-

question: “By using the General System Theory which key elements and components of the 

Sponge city concept can be emphasized?” will in this chapter, start by introducing the different 

practices around the world to manage water, based on green and blue infrastructure. Another 

section will then have a closer look the central topic of this thesis, the Sponge City Concept, to 

then finish off by identifying the different Systems and subsystems of the Sponge City Concept 

with the help of the GST (General System Theory).  

3.1 Urban Water Management Practices 
This section aims to introduce the different practices to manage stormwater with the help of 

natural solutions. The concept of working with nature started in the 1970s with the 

Best  Management Practices (BMPs) and was describing a structured approach to control 

stormwater pollution. Based on this, the Low Impact Development (LID) was introduced a few 

years later, followed by Sustainable Urban Drainage Systems (SUDs). Another concept, 

developed by the Australian government, the Water Sensitive Urban Design (WSUD) came out 

in the 1990s. These concepts, developed by developed countries in North America, Europe, 

Australia and New Zealand are still in the development stage and are being implemented at a 

small scale only (Fletcher et al. 2015; Nguyen et al. 2019; Xia et al. 2017). The most recent 

concept, the Sponge City Concept launched by China in 2014/2015, represents a new approach, 

which takes the side of the developing countries. These concepts might not be the only ones 

talking about sustainable urban water management practices, but they are representing the most 

cited terms identified from the systematic literature review.  

Best Management Practices 

The term “Best Management Practices” found its origins in North America in the 1970s and 

was referring to pollution prevention activities in Canada and the US (Fletcher et al. 2015; Xia 

et al. 2017). A few years later, BMP went from a method aiming at controlling plant site runoff, 

spillage, sludge or waste disposal to a concept that aims at answering a gap encountered in 

urban stormwater treatment at a national scale (Fletcher et al. 2015). The concept evolved and 

a more clear definition appeared, describing BMP as a technique, process, activity or structure 

to reduce the pollutant content of stormwater discharge and linked non-structural methods like 

prevention and good maintenance to structural deployment with bioretention systems and green 

infrastructure (Fletcher et al. 2015). Nowadays, both non-structural and structural BMPs are 

used worldwide and have inspired other concepts in North America but also in Europe, 

Australia and New Zealand (Fletcher et al. 2015; Xia et al. 2017).  

 

Low Impact Development 

https://www.zotero.org/google-docs/?tBxsVO
https://www.zotero.org/google-docs/?tBxsVO
https://www.zotero.org/google-docs/?qs4RQN
https://www.zotero.org/google-docs/?qs4RQN
https://www.zotero.org/google-docs/?Mogzh1
https://www.zotero.org/google-docs/?tb6SMa
https://www.zotero.org/google-docs/?tb6SMa
https://www.zotero.org/google-docs/?8smLnP
https://www.zotero.org/google-docs/?t66V0m
https://www.zotero.org/google-docs/?MItMSA
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Low Impact Development practices took inspiration from the BMPs. This concept, which uses 

or mimics natural processes to minimize the cost of stormwater management, has been adopted 

by the United States and New Zealand since the 1990s (Nguyen et al. 2019; Fletcher et al. 

2015). This principle refers to practices aiming at preserving, restoring and creating green 

spaces in order to manage stormwater and provide habitat, flood protection, cleaner air and 

cleaner water. LID practices are characterized by the implementation at a local scale, providing 

a solution with a lower impact than the normal practice, located at or near the source of runoff 

(Fletcher et al. 2015). It is both intended for land development and land redevelopment. Today 

LID practices are being used in New Zealand and North America mainly, as a solution to reduce 

impacts of built areas and promote the natural movement of water (Fletcher et al. 2015). 

Sustainable Urban Drainage Systems 

In Europe, the UK has been the first to introduce the use of natural solutions to address 

stormwater pollution and flood hazards (Nguyen et al. 2019; Xia et al. 2017; Fletcher et al. 

2015). At the beginning of the 1990s, the first guidelines on technical control options were 

published. In UK practice, SUDS are quite similar to the LID approach previously described. 

It consists of a range of technologies and techniques to drain stormwater and surface water by 

using sustainable solutions, replicating the natural flow of water (Fletcher et al. 2015). SUDS, 

use a sequence of techniques such as source control methods, pre-treatment steps with 

vegetation or filter trenches, retention systems and infiltration systems. Together, they are 

forming a management train that combines different solutions that deal with water quantity and 

water quality (Fletcher et al. 2015). Nowadays, SUDS are integrated in UK development 

projects, especially in Scotland, where it has been mandatory in most new development projects 

and written in the Scottish Water Environment and Water Services Act since 2003 (Fletcher et 

al. 2015).  

Water Sensitive Urban Design 

The term WSUD was first introduced in the 1990s in Australia but the project was initiated in 

the 21st century. This concept on top of using planning and design methods that aims to 

minimize the hydrological impacts of urban development on the surrounding environment, 

bring a wide range of benefits. WSUD is not only focusing on stormwater management control 

but targets also water quality improvements, water recycling and maximizing visual and 

recreational amenity so that cities become more sustainable, liveable and resilient (Nguyen et 

al. 2019; Xia et al. 2017; Fletcher et al. 2015). Today, the term WSUD crossed the borders of 

Australia and is being used in the UK and New Zealand and has inspired other concepts as well 

(Fletcher et al. 2015). 

3.2 Defining a Sponge City and its Components 
The Sponge City Concept is relatively new to the field, introduced for the first time by the 

Chinese government in 2013 (Y. Li and Kim 2022; She, Wei, and You 2021; Nguyen et al. 

2019). The government launched a first batch of 16 urban districts in 2015 and a second one of 

14 urban districts a year later, representing various landscape and climate conditions (Nguyen 

et al. 2019; Xia et al. 2017). With this concept, China’s ambition is to create a new kind of 

urban water management system adapted to a developing country like China with their local 

challenges (Nguyen et al. 2019; Xia et al. 2017). The national strategy is to combine LID with 

engineered systems (Q. Li et al. 2019) but the overall goal is to improve water absorption 

instead of the traditional rapid drainage approach (Y. Li and Kim 2022). Compared to the 

previous concepts presented earlier, Sponge Cities are covering a greater scope, addressing 

https://www.zotero.org/google-docs/?LyhZHR
https://www.zotero.org/google-docs/?LyhZHR
https://www.zotero.org/google-docs/?PRoW9n
https://www.zotero.org/google-docs/?KK72xR
https://www.zotero.org/google-docs/?Np9klM
https://www.zotero.org/google-docs/?Np9klM
https://www.zotero.org/google-docs/?52Y2NK
https://www.zotero.org/google-docs/?j2rVWa
https://www.zotero.org/google-docs/?j2rVWa
https://www.zotero.org/google-docs/?j2rVWa
https://www.zotero.org/google-docs/?WepQ9o
https://www.zotero.org/google-docs/?WepQ9o
https://www.zotero.org/google-docs/?BZrLr1
https://www.zotero.org/google-docs/?z2i0UB
https://www.zotero.org/google-docs/?z2i0UB
https://www.zotero.org/google-docs/?09kOoG
https://www.zotero.org/google-docs/?09kOoG
https://www.zotero.org/google-docs/?t9a4dm
https://www.zotero.org/google-docs/?VSxZ7f
https://www.zotero.org/google-docs/?phPLQq
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urban water problems and enhancing ecological conditions that can mitigate climate (Y. Li and 

Kim 2022). Today, Sponge Cities are still at an early stage, but the Chinese government has a 

vision and has already financed numerous pilot cities. The next section will have a closer look 

at all the different aspects of the Sponge City. 

3.2.1 Why China needed this 

From the 1970s until now, China has experienced rapid urbanization due to the movement of 

the rural inhabitants towards urban regions (Fan and Matsumoto 2020; Y. Li and Kim 2022; 

She, Wei, and You 2021; Nguyen et al. 2019), concentrating 90% of the population in East and 

Middle China giving rise to megalopolis cities whose population reached 10 million (Xia et al. 

2017). This trend, in addition to the already particular climate most Chinese cities are 

experiencing during the monsoon season (Chan et al. 2018), facing more urban pluvial flooding 

(Y. Li and Kim 2022; She, Wei, and You 2021; Jiang, Zevenbergen, and Ma 2018; Nguyen et 

al. 2019).  Indeed, the expansion of cities and the overuse of concrete, changed the land use 

from a natural landscape to urban land-use modifying the natural flow of water and the natural 

water cycle causing many issues in cities (Fan and Matsumoto 2020; Y. Li and Kim 2022). 

Rapid urbanization and urban sprawl led to the reduction of permeable surfaces, preventing 

water infiltration in order to evacuate stormwater and recharge the groundwater. It also reduced 

the landscape capacities to retain rainwater during a storm and increased the total water runoff, 

flood peak, flow rate and pollutant load which aggravate urban waterlogging and urban drainage 

systems (Fan and Matsumoto 2020; Y. Li and Kim 2022; She, Wei, and You 2021). However, 

the increase of impervious surfaces is not the only problem causing urban pluvial flooding. It 

is often that the drainage systems of the Chinese cities are not well designed for the capacity of 

their cities, many of these drainage systems are outdated and are operating in exceeding 

conditions for what they are initially designed for (Fan and Matsumoto 2020). Which is the 

trade-off of their fast development and the inability for the traditional engineered infrastructure 

to keep up with the growth rate of the urban centers. On top of these conditions, climate change 

may further increase risks of flooding due to more frequent and more powerful events, 

increasing the vulnerability of cities (Fan and Matsumoto 2020). During the last decade, many 

Chinese cities have experienced severe flooding causing major economical loss but above all, 

harmed mentally and physically the population. Causing great inconvenience to the life of urban 

residents restricted the development of the city and in the worst cases, causing the death of 

citizens during the more powerful events (Chen and Chen 2020; Fan and Matsumoto 2020). In 

terms of numbers, the collected data shows that out of the 654 Chinese cities studied, 641 are 

exposed to frequent floods (Jiang, Zevenbergen, and Ma 2018). Another study conducted by 

the Ministry of Housing and Urban-Rural Development (MHURD), in 351 Chinese surveyed 

cities over the period between 2008 and 2010, 62% suffered from urban pluvial flooding (Chen 

and Chen 2020; Jiang, Zevenbergen, and Ma 2018). These elements could also be linked with 

another study, which shows that over 90% of Chinese which have integrated an urban flooding 

mitigation strategy based on traditional infrastructure (i.g. floodgates, concrete infrastructure, 

pumping stations and stormwater pipe networks) are showing an incompatibility to 

accommodate unplanned urban expansion due to the fact that the principles mentioned before 

relies on rapid drainage to downstream outlets (Fan and Matsumoto 2020; Wang et al. 2022). 

These methods, relying on impervious urban land surfaces and engineered systems require 

material production and can have a heavy environmental impact as well (Fan and Matsumoto 

2020). The need of the Chinese government to manage all the issues they are facing, called for 

the establishment of their own concept. Inspired by other international approaches, the Sponge 

City Concept aims to be adapted to the particularity of their climate and their cities. The 

numerous urban floods Chinese cities have experienced and are experiencing are resulting in 

several economic damages, affecting water quality and quantity of water supply. With the 

https://www.zotero.org/google-docs/?LcYq9D
https://www.zotero.org/google-docs/?LcYq9D
https://www.zotero.org/google-docs/?XB69ZZ
https://www.zotero.org/google-docs/?XB69ZZ
https://www.zotero.org/google-docs/?gukoiR
https://www.zotero.org/google-docs/?gukoiR
https://www.zotero.org/google-docs/?dzjV4e
https://www.zotero.org/google-docs/?thyaZO
https://www.zotero.org/google-docs/?thyaZO
https://www.zotero.org/google-docs/?bsrxIx
https://www.zotero.org/google-docs/?tKB9jD
https://www.zotero.org/google-docs/?YdKItO
https://www.zotero.org/google-docs/?hpAQHZ
https://www.zotero.org/google-docs/?vvLtg7
https://www.zotero.org/google-docs/?kZcuIN
https://www.zotero.org/google-docs/?x3mIc4
https://www.zotero.org/google-docs/?x3mIc4
https://www.zotero.org/google-docs/?3fXGB4
https://www.zotero.org/google-docs/?JeCn1t
https://www.zotero.org/google-docs/?JeCn1t
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wasting of water resources by discharging the stormwater as wastewater is preventing the 

recharge of the groundwater on top of the over exploitation and over consumption exceeds the 

amount of local water resources leading to water shortage and water-scarce city (Wang et al. 

2022; Jiang, Zevenbergen, and Ma 2018; Nguyen et al. 2019).  To sum up, the Sponge city 

initiative has been pushed by the current situation their cities are in. Due to urban pluvial flood 

disaster, to urbanization, to urban development practices and patterns, to urban stormwater 

management and due to climate change (Jiang, Zevenbergen, and Ma 2018). Following this 

part, the following section will explain the principle of the Sponge City and on which 

components its philosophy is based on.  

3.2.2 The philosophy behind this: living with the flood 

The Chinese concept is clearly taking inspiration from the other water management concepts 

based on natural solutions like the LID, WSUS or SUDS for instance (Chen and Chen 2020; 

Fan and Matsumoto 2020; Lashford et al. 2019; Y. Li and Kim 2022; She, Wei, and You 2021; 

Chan et al. 2018; Nguyen et al. 2019). However, it brings its own parameters and guidelines 

adapted to their cities and their situation. The first requirement of this concept is to absorb and 

store 70% of the rainfall to be utilized locally when needed (MHURD 2015a; Lashford et al. 

2019; Chan et al. 2018). To reach this point, the Sponge City Concept will rely on Green/Blue 

and Gray infrastructures, to be more precise, the philosophy behind this promotes the following 

principle: “Green first, then Green and Gray combination” (MHURD 2020b). On top this 

slogan, the following six key words: “Infiltration, Stagnation, Storage, Purification, Utilization 

and Discharge” are used as important principles, representing the core of the concept (Lashford 

et al. 2019; Y. Li and Kim 2022; Jiang, Zevenbergen, and Ma 2018). Moreover, because the 

concept is advocating multi-collaboration and multi-objective integration (MHURD 2022; 

Chan et al. 2018), it should protect the natural landscape (mountains, forests, rivers, lakes, 

grasslands…), maintain their services (Infiltration, stagnation, evaporation, and hydrological 

characteristics) to preserve or restore their abilities to absorb, purify and store water. By 

promoting the construction of Sponge Cities, it aims at (1) improving the quality of urban 

ecological environment, (1) preventing and mitigating the urban floods, (3) enhancing and 

providing high quality ecological infrastructures as well as (4) reinforcing the sense of 

happiness of the population (MHURD 2018; Y. Li and Kim 2022). In terms of multi-objectives, 

because the idea is to reduce flood risks in a first place but also reduce water shortage, urban 

heat island, improve ecological patterns and other side benefits. It necessitate the collaboration 

of different Ministries at the national level (Ministry of Housing and Urban-Rural 

Development, Ministry of Water Resources and Ministry of Finance)  but also the collaboration 

of different entities (landscaper, architect, road planner, engineer, etc) (see Figure 6) (MHURD 

2015a; 2020b; Chen and Chen 2020).  

https://www.zotero.org/google-docs/?70mSaN
https://www.zotero.org/google-docs/?70mSaN
https://www.zotero.org/google-docs/?b0AcGS
https://www.zotero.org/google-docs/?1r6I44
https://www.zotero.org/google-docs/?1r6I44
https://www.zotero.org/google-docs/?1r6I44
https://www.zotero.org/google-docs/?XosuIX
https://www.zotero.org/google-docs/?XosuIX
https://www.zotero.org/google-docs/?4jhUHg
https://www.zotero.org/google-docs/?HC3V4j
https://www.zotero.org/google-docs/?HC3V4j
https://www.zotero.org/google-docs/?zXwlI4
https://www.zotero.org/google-docs/?zXwlI4
https://www.zotero.org/google-docs/?EZRaTF
https://www.zotero.org/google-docs/?79KCIQ
https://www.zotero.org/google-docs/?79KCIQ
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Compared to the other concepts, the implementation is not only being implemented at a micro-

scale, meaning the local scale with projects executed at strategic points. But also at a meso 

scale, by combining the micro scale projects and looking at larger river basins, watersheds 

(Nguyen et al. 2019).  The name “Sponge City” is not anecdotal to describe this concept. 

Indeed, as we can see with the figures below (Figure 7 and Figure 8), the city is showing two 

different faces. On the figure 8, the photo is showing an urban park, which can be, used during 

the majority of the time in the dry season, and on the figure 7, the same park during the wet 

season (monsoon) after a major rain event, which flooded a good part of the area. The concept 

is promoting a hybrid landscape fulfilling multi-purposes, for Water, for Nature and for People. 

On top of accepting the flooding and leaving some areas in the city dedicated to store water for 

some time, we can see that they have also adapted to climate by creating elevated pathways and 

higher zones to still be able to use a portion of the park even after heavy rainfall.  

 

 

Figure 6: The inter-agency collaborations during the SPC construction from He et al. (2019)  

Figure 8: Jinhua Yanweizhou Park during the dry season 

(Turenscape, 2014) 
Figure 7: Jinhua Yanweizhou Park during the wet season or after a major 

rain event (Turenscape, 2014) 

https://www.zotero.org/google-docs/?6uv5dp
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The philosophy behind the Sponge City gave a good overview of the concept and what is 

making it different from the other similar concepts but the last section will have a closer look 

at these differences. As a logical continuation of this section, the next ones will highlight the 

objectives the Sponge City is devoted to reach, in terms of Water, Nature and People.  

 

3.2.3 Objectives: in terms of Water 

The Chinese Government is referring to Sponge Cities to describe the role of buildings, roads, 

green spaces and water systems in absorbing, storing, purifying the stormwater and recycling 

the stormwater when needed through green infrastructure applications. By (1) controlling the 

urban flooding disasters, (2) enhancing the water quality in urban areas, (3) recycling 

stormwater and (4) create a pleasant city micro climate, the measures adopted will provide 

many benefits for the urban water circulation system, preserving or restoring ecological 

infrastructures and create a high-quality living (MHURD 2015a; Nguyen et al. 2019).  

In terms of water, some objectives are clearly defined like the overall goal for a Sponge City, 

which is to absorb 70% of the rainfall in order to be stored and re-use locally when needed 

(MHURD 2015a) or green area rate in newly built and rebuilt areas (MHURD 2020b). However 

the Ministry of Housing and Urban-Rural Development is not only giving construction 

guidelines, they have also delivered other documents stating the objectives of their concept. 

The documentation selected with the help of the literature review highlighted the focus the 

government where making about creating demonstration work that adheres to the principle of 

simplicity, applicability and adapting the measure to the local conditions. The mentioned 

principles are aiming to solve urban waterlogging, rainwater collection and utilization, the 

treatment and purification of black odorous water as well as revealed the city from urban heat 

island effects and preserve nature (MHURD 2015a; 2021). One way to look at their interests 

when building a Sponge City is to have a look at what they are measuring. The “Sponge City 

Construction Performance Evaluation and Assessment” and other documents (MHURD 2016; 

2015a; 2018), are insisting on Water ecology, Water Environment, Water Resources, Water 

Security. The following table (Table 1), which has been adapted from the “Sponge City 

Construction Performance Evaluation and Assessment” document, is presenting the indicators 

related to water. This table is representing the Chinese government’s interest in water-related 

parameters. 

Table 1: A presentation of the important water-related parameters according to the Chinese government regarding the 

Sponge City objectives (Adapted from (MHURD 2015)) 

Category Indicators 

Water Ecology  Total annual runoff control rate 

 Ecological shoreline restoration 

 Groundwater level 

 Urban heat island effect 

Water Environment  Water environment quality 

 Urban surface source pollution control 

Water Resources  Rainwater Resource Utilization 

 Leakage control of pipe network 

Water Security  Prevention and control of urban storm flooding 

 Safe Drinking Water 

 

 

https://www.zotero.org/google-docs/?4aTni9
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Because the Sponge City is a national project and is being implemented in many cities in China, 

representing different climates and topographies, the adaptability of the municipalities to the 

local conditions are essential to the development of the concept. The country is large and the 

national guidelines cannot be applicable for the entire country in terms of water objectives. For 

instance, water-scarce areas should give more consideration to rainwater collection and 

utilization, and the scale of the water storage and storage tanks should match the rainwater 

utilization capacity (MHURD 2022).  

3.2.4 Objectives: in terms of Nature 

The multi-objectives of this concept is also allowing multi-benefits. Flood risk management 

should not be seen as the main goal of the Sponge City but more as one of the objectives the 

concept is achieving. In  fact, the concept is based on the understanding of nature to protect the 

city, giving Nature good conditions to thrive will provide better protection towards floodings. 

The Ministry of Housing and Urban-Rural Development are promoting conservation and 

ecological restoration of rivers and lakes, respecting the natural circulation and adapting the 

local infrastructures, according to the local conditions. Giving priority to the natural 

infrastructures and reasonably controlling development intensity (MHURD 2016). Regarding 

the design, the planning and the construction phases priority should be given to natural bodies 

of water, and make sure the natural vegetation and biodiversity remains untouched in the 

process of urban development. In the case of the restoration projects, biodiversity and the 

creation of natural habitats as well as the construction of shoreline and water bodies should not 

be oversimplified according to the (MHURD 2018). Moreover, it is stated that during the 

implementation, attention should be given to the surrounding environment, in particular during 

the excavation of the ground to avoid the destruction of natural habitats (MHURD 2020a).  

In addition to these requirements, the government is providing more technical guidelines for 

the construction of a Sponge City. For instance, it is stated that the utilization of the area under 

the green space should not exceed 10% than the total area in order to maintain the normal 

condition and not affect seepage, stagnation and storage of the rainwater (MHURD 2020b). The 

guidelines are promoting the use of natural materials for embankments, natural soil slopes will 

be planted as much as possible, respecting the local constraints. Native plants will be able to 

consolidate the slopes and should cover 95% of the surface it minimum. The concept enforces 

the use of ecological revetment for the riverbanks, focusing on a natural transition between the 

water, the shoreline and the land. In addition, it is also mentioned that if the surroundings of the 

Green/Blue Infrastructures are adapted to provide recreational facilities such as walkways for 

instance, the infiltration rate of these covers should not be less than 90% (MHURD 2020b). 

3.2.5 Objectives: in terms of People 

In terms of objectives for the citizens, the guidelines are not promoting any numbers and 

indicators to reach. However, they are highlighting some principles. Advocating an harmonious 

development between people and nature, putting the construction of Sponge Cities as a key 

project for people’s livelihood aiming at participating to the general happiness of the citizens 

by providing a pleasant ecosystem and enhancing water-related services (MHURD 2015b). 

Because the concept will focus on both newly built and rebuilt areas, communities are involved 

in scheme design and construction supervision to encourage adapted environment regarding 

flood risks, enhance biodiversity and participate in liveable communities and cities (MHURD 

2022). Moreover, by doing it like this, by involving the population and setting up publicity 

materials, citizens and especially young people can understand the role of sponge cities, raise 

awareness on rainwater management, on the use of water and the benefits of the conservation 

of the natural landscape and its biodiversity for instance(MHURD 2020a).  

https://www.zotero.org/google-docs/?VIiAm1
https://www.zotero.org/google-docs/?zcwoP7
https://www.zotero.org/google-docs/?i3c90K
https://www.zotero.org/google-docs/?BBSAFk
https://www.zotero.org/google-docs/?c5V9Wt
https://www.zotero.org/google-docs/?U3nCVd
https://www.zotero.org/google-docs/?OoRu9O
https://www.zotero.org/google-docs/?KM4P21
https://www.zotero.org/google-docs/?KM4P21
https://www.zotero.org/google-docs/?oOiqhB
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3.3 How is it different from the other concepts 
The concepts on urban water management, which have been presented earlier in section 3.1 are 

sharing the same basis. All these concepts are using Green/Blue Infrastructure and natural 

solutions to deal with urban floods. However, some elements are different from one to another, 

the sponge city covers a greater scope and due to the scale of the project, at a national level, the 

government is providing more comprehensive guidelines on the direction cities will have to 

take and how to do it (Y. Li and Kim 2022; Nguyen et al. 2019). For instance, the central 

Chinese Governments set some targets to achieve, by 2030, more than 80% of urban built-up 

areas will meet the requirements such as absorbing and using locally 70% of rainfall with the 

help of green infrastructure mainly (MHURD 2015b). In addition, it has been said earlier that 

the philosophy of the Sponge City promotes “green first, then green and gray”, utilizing both 

green infrastructures and engineered solutions into one hybrid control system (Chan et al. 

2018). Nevertheless, as seen in the objectives, the guidelines are framed in a way to enforce 

green infrastructures in some situations like the planning of the riverbanks and the transition 

between land and water which has to respect the minimum green cover percentage and other 

elements. The dimension, the implementation of the Sponge City concept is going through at 

the moment is unmatched by the other concepts, which are still implemented at a very local 

scale. While other concepts are focusing on the micro-scale with the implementation of local 

projects (micro catchment scenario), the Sponge City long-term plan is to be implemented in 

three scales. On top of micro implementation, the combination of projects at this scale will be 

combines to manage water at a meso-scale (sub-catchment scenario), and at a macro-scale 

(catchment scenario). Integrating micro and meso-scale projects into a holistic system is 

permitting interactions within the catchment, between the micro catchments, and between the 

sub-catchments (Y. Li and Kim 2022; Nguyen et al. 2019; Zhai et al. 2021). The figure below 

(Figure 9) is illustrating mechanisms of inter-catchments coordination. A scenario that is 

occurring during rainfall events when the underground pipe network is saturated (Zhai et al. 

2021).  

As stated in the paper from Zhai et al. (2021), Green Infrastructure to manage storm water have 

mostly been implemented at a micro scale, even in Sponge Cities. The theoretical concept of 

the Sponge City described by the Chinese government is promoting the management of water 

at a larger scale (catchment scenario). At the moment, the vision from the central government 

on Sponge Cities is somehow different from the decision taken from the local governments, 

who are skeptical about the efficiency of Green/Blue Infrastructure to mitigate storm water at a 

larger scale (Zhai et al. 2021). From a theoretical point of view, the work realized by Zhai et al. 

(2021) on multi-scale watershed is providing an interpretation of what the Sponge City could 

aim for if the vision from the central government, which is the operation at a macro-scale is 

respected. The ambition the central government has for their concepts at a large scale is 

probably the biggest difference the Sponge City concept has with the other urban water 

management systems. And even if the work from Zhai et al. (2021) is providing a theoretical 

approach and an interpretation of the concept at a larger scale, their figure (Figure 9) and their 

paper allow to understand these interactions between the different scales.   

https://www.zotero.org/google-docs/?PWiZyX
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Figure 9: The typological illustration of the three mitigation scenarios covered by Sponge Cities when the other concepts are 

focusing on micro-scale implementation (Zhai et al. 2021) 

3.4 Systems of the Sponge City concept 
We have seen earlier in the report, with the analytical framework that (Von Bertalanffy 1950; 

1968) describes the General Systems Theory (GST) with two types of systems, the open 

systems, the close systems. Open systems are the ones interacting with each other and with their 

environments when closed systems are the opposite. In the case of the Sponge City Concept, 

we have seen with the previous section (defining the different elements of the concept), that the 

concept is composed of various fields and requires the collaboration of different entities in order 

to perform and attain its goals. Indeed, the Sponge City is composed of open systems, which 

require interaction between the different systems and subsystems in order to solve one or many 

issues at the same time. In the first place, we will identify in this section the different systems 

based on the analysis performed earlier and the data gathered.  

In order to apply the GST in a more comprehensive way and make it more visual, I will use an 

allegory supported by different figures. Sponge cities, its systems, subsystems, components and 

drivers can be associated with the development of a tree, from the seed to the leaves. The 

concept in itself, being the seed, needs two elements to thrive, the sun and water. The sun can 

be interpreted by the governance, policies and laws in favor of the concept and the water by the 

financing aspects. In the case of the Sponge City, the Government is the one who launched the 

project and set some guidelines for the cities to attain with deadlines to respect (Chen and Chen 

2020). Financing, represented by water, is essential for the development of the concept. For the 

Sponge city, money is one of the challenges it has to face, the strategy China took is to combine 

financial sources (Nguyen et al. 2019). Indeed, the development of the concept demands first 

investments from the central government, expressed by subsidies to the selected pilot cities and 

potential adjustments (giving more or less) according to the advancement and the performances 

https://www.zotero.org/google-docs/?27Map5
https://www.zotero.org/google-docs/?27Map5
https://www.zotero.org/google-docs/?w3P451
https://www.zotero.org/google-docs/?w3P451
https://www.zotero.org/google-docs/?0roUZ2
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of the projects (MHURD 2015b). But it also required investments from the local governments 

and Private/Public investors (Nguyen et al. 2019).  

 
Figure 10: Illustration representing the parallel between the implementation of a Sponge city and the growth of a tree. Here, 

the early phase of the project is symbolized by a seed (figure from author). 

To continue with the allegory, what makes the 

seed stronger is its roots, and as part of this 

concept, the roots or the drivers are giving power 

to justify the necessity of such urban water 

management. As seen in the section 3.2.1, in a 

Chinese context, the drivers are characterized by 

the rapid urbanization and the already 

complicated climate with heavy rainfall during 

the monsoon season. As well as land-use change 

by transforming the natural landscape into 

impervious surfaces modifying the water cycle, 

the already lack of infrastructure and the 

increase in more frequent and powerful events 

due to climate change. With the help of the 

adjacent figure (Figure 11), we can see that the 

systems (Nature, Water, People) are represented 

by the main branches of the tree and are 

connected to each other by the common core (the 

Sponge City). For the realization of the fig.11 

and for the realization of the coming ones about 

the different subsystems and components. It is 

only a representation of the elements highlighted 

during the literature review and are here to have 

a better understanding of the principles of the 

Sponge City and the elements the concept is 

promoting. Each System is divided into 

subsystems, representing the specificity of this 

type of urban water management, but these 

elements will be presented in the next section.  

 

 

 

Figure 11: Illustration representing the parallel between 

the implementation of a Sponge city and the growth of a 

tree. Here, the roots are characterizing the drivers of the 

concept, what makes it stronger (figure from author). 

https://www.zotero.org/google-docs/?SKIaoz
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3.5 Subsystems and components of the Sponge City concept 
Before diving more in depth into each subsystem, the figure below (Figure 12), gives an 

overview of how the Sponge City is being described according to the data extracted during the 

literature review. Now that the full picture of the tree is being represented by the main branches 

(Nature, Water, People), the smaller branches represented by the subsystems and the leaves by 

the components. By representing the Sponge City system like this, as a tree, we can understand 

the importance of each branch and not only the Water or the People, because without one of 

this branch, it is not the Sponge City Concept anymore. This understanding as whole is giving 

importance to each components of the concept without prioritizing some of them in regards to 

the remaining ones. 

Figure 12: Illustration representing  the concept as core, the systems as the main branches, the subsystems as the smaller branches and the 

components as the leaves (figure from author). 
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3.5.1 Close-up: Water 

The Water systems, subsystems and components has mainly been inspired by the table 1, 

presented earlier in the section 3.2.3, which has been extracted from the “Sponge Construction 

Performance Evaluation and Assessment” (MHURD 2015a). In order to facilitate their 

assessment, the Ministry of Housing and Urban-Rural Development (MHURD) have divided 

the Water into four different categories: Water Ecology, Water Environment, Water Security 

and Waste Water Purification to make sure the infrastructure is ensuring the principles of 

Infiltration, Stagnation, Storage, Purification, Utilization and Discharge of rainwater (the six 

crucial keywords according to the MHURD). The concept is truly focused on trying to keep as 

much of the natural landscape. To protect the natural flow of water and reduce the risks of 

flooding. Their desire to preserve the ecological landscape is also characterized by another 

Chinese urban water management principle, the blue line delineation. The blue line is an 

important component of their planning techniques, seeking to provide an ecological buffer zone 

around the water bodies like rivers and lake, providing a protection to absorb the fluctuation of 

the water level (Lian et al. 2022). This planning principle has not been created for the 

implementation of Sponge Cities but has been integrated as a requirement from the Chinese 

Government.  

 

 

 

 

Figure 13: A closer look at the Water System, its systems and affiliated components (figure from author) 

https://www.zotero.org/google-docs/?oF1TNy
https://www.zotero.org/google-docs/?8enxQU


Aalborg University  Master Thesis 

 

35 

 

3.5.2 Close-up: Nature 

The Nature system is being divided into two subsystems, “Natural Habitats” and “Biodiversity”. 

The Sponge City Concept relies on green and gray infrastructure but mostly on green (MHURD 

2020b), preserving or restoring the natural habitats and potential habitats to help biodiversity 

thrive. We have also seen earlier in this Chapter that, in the guidelines, an emphasis has been 

put on the utilization of the native species of plants to stabilize the banks, filter the water 

(MHURD 2020b). The choice of using native plants instead of regular plants is highlighting the 

consideration the Chinese government is giving to the support of the local biodiversity and the 

conservation of species. They are demonstrating that the percentage of the city’s green cover is 

not the only important parameter to provide habitats but the quality of these green spaces need 

to be considered.  

 

 

Figure 14: A closer look at the Nature System, its systems and affiliated components (figure from author) 
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3.5.3 Close-up: People 

The People system is also being divided into two subsystems, “Communities” and “Health & 

Well-being”. People are of course an important part of the Sponge City, the aim of this urban 

water management concept is indeed to reduce the risk and the cost of the urban flooding by 

having an holistic approach (Xia et al. 2017). In their paper, (Chen and Chen 2020), were 

mentioning a not sufficient involvement from the public. However in the “Notice of the General 

office of the MHURD on further clarifying relevant requirements for Sponge city construction” 

it is being strongly encouraged to involve communities and listen to their opinions during the 

scheme design and the supervision of the construction, especially when it is about the 

renovation of old communities (MHURD 2022; He et al. 2019). The willingness of the 

government to involve the citizens is also being characterized by raising awareness particularly 

with the younger generation but also all the citizens on the use of water and purposes of a 

concept such as the Sponge City (MHURD 2020b).  

 
Figure 15: A closer look at the People System, its systems and affiliated components (figure from author) 

3.5.4 Interaction between the components  

By breaking the systems and subsystems into components, makes it easier to manage and by 

activating leverage points within these components, can lead to a cascade of additional changes 

in the entire system due to the interaction between the different components and the interaction 

among the subsystems (Wan Rosely and Voulvoulis 2023; Von Bertalanffy 1968). The analysis 

of various literature sources in the initial phase of this section (Analysis 1) has played a pivotal 

role in shaping the development of the comprehensive Figure 16 presented below. It has 

https://www.zotero.org/google-docs/?xydaB9
https://www.zotero.org/google-docs/?c3Nu9h
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provided valuable insights to describe the interconnectivity of the indicators, shedding light on 

the complex relationships and dependencies between different components. This Figure serves 

as a visual representation of these interactions, offering a holistic view of how modifications or 

interventions in one component can potentially impact other components, either positively or 

negatively. By mapping out these relationships, the Figure 16 enhances our understanding of 

the complex systems operating within the Sponge City Assessment Framework. Moreover, the 

strategic use of color in the Figure provides additional clarity by categorizing the components 

based on the systems they belong to. This visual representation not only facilitates 

comprehension but also enables stakeholders to identify the systemic implications of their 

actions, fostering a more integrated and sustainable approach to urban development. 

Figure 16: The Wheel of Components. Because the Subsystems and the components are interacting with each others, this figure illustrate the 

overall connection between them (from the author) 
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Based on the systematic literature review, the Analysis 1 gave a good overview of the other 

sustainable urban water management around the world, which are mainly coming and intended 

to Western countries in North America and Europe. Following this section, this thesis addressed 

the elements the Sponge City was focusing on and which way it was necessary for China to 

create a new concept on sustainable urban water management. The Asian/Chinese point of view 

on this topic is unprecedented if we are not including Singapore Which is an already developed 

country. This new eye on the field seeks to fit with the local Chinese context but could also be 

applied to similar developing countries facing the same challenges as China. In Southeast Asia 

for instance, which are in a situation similar to China, encountering urban expansion, growing 

population, land use change, lack of infrastructure, vulnerability to climate on top of climate 

change (Asian Development Bank 2009). Based on the data collected in the previous section 

and after having a clear understanding of the concept, the thesis investigates the interrelations 

of the concept with the help of the General System Theory (GST).  

The objective of the Analysis 1 was to dive in more details into the Sponge City concept, finding 

out by what it is. The goal of this analysis was also to answer the first sub-question: By using 

the General System Theory which key elements and components of the Sponge city concept can 

be emphasized  

With the help of the GST and the data collected, this chapter successfully identified the 

Systems, the SubSystems, the Components and their links. The use of visual representations 

with different figures assisted the words aiming for a clear and better comprehension.  

However, the Analysis and understanding that this section made out of the concept, is simply 

based on the papers generated by the literature review. The combination of scientific papers 

and official documents from the Chinese governments helped to cover different angles. A 

subjective angle with official documents, giving guidelines at a national scale and can 

potentially differ from the reality and the specificity of each region or cities. And a more 

objective analysis provided by the scientific method of the research papers, sharing their 

analysis from an outside point of view. Associating these two parts gave both the official 

definition of the concept and the possibility to compare it with similar approaches. The Analysis 

1 is limited to the gathered data.  

The support from other documents, official or scientific could have slightly changed the 

understanding this thesis made out of the Systems, Subsystems and components. The findings 

resulting from this chapter are significant for the rest of the thesis, and will provide crucial 

information for the Analysis 2, as well as for the Analysis 3.  

 

ANALYSIS 2 
The Analysis 2, which is following and using the materials and the information collected by the 

Analysis 1, will have a look at different indexes on sustainable cities delivered by major 

companies or institutions. From the method, which has been described earlier in the report, six 

indexes came out. With the help of these components, this Chapter aims at answering the second 

sub-question: “By using the General System Theory which key elements and components of the 

Sponge city concept can be emphasized?”.  In order to do this, this Chapter will be divided into 

two sections, the first section will start by presenting these different indexes and provide a 

constructive critique, identifying their strengths and weaknesses in relation to what this thesis 

seeks to achieve. And the second section will then identify the key elements of these indexes 

relevant for the Sponge City Assessment Framework like the way they have structured their 

index, similar indicators that are corresponding to this work and other relevant aspects. This 

section will be concluded by answering the second sub-question and will provide the reader 

with the result of the Analysis 2.  
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From the research method to find these indexes, two types are represented. The first type is the 

one having a specific interest about a field within a city, like urban biodiversity, urban 

liveability and sponginess of a city. The other types have a multi-objectives approach, assessing 

a concept, like the city’s resiliency or city’s sustainability.  

4.1 The Global Sponge Cities Snapshot - Arup 
The Global Sponge Cities Snapshot was released in 2023 by Arup to highlight the importance 

of understanding a city’s natural ability to manage heavy rainfall (Arup 2023). Their survey 

ranked cities according to their natural absorbency or “sponginess”. With the help of the digital 

mapping tool combined with machine learning they have developed, they are able to compile 

terrain data, green, blue and gray infrastructures to identify land use in cities’ urban centers.  

At the moment, their investigation is covering nine cities around the world: Auckland, Nairobi, 

Singapore, Mumbai, New York City, Montreal, Shanghai, London and Sydney. They have 

ranked the sponginess of these cities according to a framework. 

This Index is only composed of one section made out of three indicators. The first indicator 

called, blue, green and gray infrastructure is using their digital mapping tool combined with 

machine learning to produce high quality land use assessment from satellite imagery. The 

second indicator is having a look at soil types and vegetation, with the help of the land use type 

of the first indicator associated with a general database indicating the composition of the soil 

within the region. And the last indicator is the water runoff potential, based on the soil type 

factor with the infiltration, they are calculating the runoff potential for 50mm of rain falling in 

one day.  

Table 2: The table below is the representation of the different sections and indicators used by (Arup 2023) in The Global 

Sponge Cities Snapchot 

Section Indicators 

City’s natural absorbency Blue, green, Gray infrastructure 

Soil Types and Vegetation 

The Water Runoff potential 

The digital tool they have developed is providing an efficient map able to identify the amount 

of green, blue and gray infrastructure which then can be combined with the soil type and 

determine the runoff potential. The percentage given by this tool gives a good overview of the 

city's ability to absorb water, we can see with the ranking that cities with the highest percentage 

of green and blue cover are situated higher in the general ranking (Arup 2023). The use of 

quantitative data for their three indicators is a good point to prevent subjective assessments.  

On the other hand, the fact that they are using the term “Sponge City” for their index is bringing 

confusion and is automatically associated with the Sponge City Concept. However, their index 

is only assessing 3 indicators which is too little to represent the true meaning of the Chinese 

concept. In addition, the database they used to determine the soil type looks quite general and 

could differ from the reality if samples were made directly on site. Moreover, their assessment 

is made based on a 50mm rain event for all the cities wherever their location on the planet. The 

non-consideration of the challenges faced locally is a major drawback when comparing the 

sponginess of a city. To bring more equity, they could have used the amount of rain 

corresponding to a 5 year event in the local context for instance.  

To conclude, it looks like the techniques they are using for the first indicator is good to assess 

the land use type, however, it does not seem accessible for everyone. The second indicator is 

good to determine the infiltration rate however, the database they are using looks quite general 

and does not allow a lot of precision, however, for the purpose of creating a simple tool 
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accessible by a lot of people, using this type of database could be a good alternative. Even if 

the approach is simple and limited to only a few indicators, the introduction of the term 

“sponginess” in an index permits a new approach and an example of how it could be done or 

not.  

4.2 Singapore Index on Cities’ biodiversity 
The Singapore Index on Cities’ Biodiversity was launched in 2008 by the Convention of 

Biological Diversity in collaboration with the UN environment programme and the ‘National 

Parks’ group (CBD 2021). The Singapore Index aims to help cities better understand how they 

could improve their biodiversity conservation efforts over time. This index helps cities to 

accomplish their biodiversity goals by assessing the city’s current biodiversity profile, by 

raising awareness and sensitizing the public and the citizens on the state of the local 

biodiversity. As well as acting as a portal for various academics, NGOs, schools and others to 

promote communication and collaboration through data collection and sharing mutual goals  for 

instance (CBD 2021).  

This index is dedicated to cities around the world but not only, because national and regional 

governments have been using it to develop their own local strategy plan. Also by city planners 

who used it as benchmarks for their master plan for example.  

In terms of indicators, the index is composed of three sections, namely: “Native biodiversity in 

the city”, “Ecosystem services provided by biodiversity” and “Government and Management 

of biodiversity”. These sections are covered by 28 indicators (see Table 3 below) with each of 

these indicators being worth 4 points. These indicators are providing a good overview of how 

to assess urban biodiversity. However, some indicators are quite precise and should not 

correspond to what the Sponge City Assessment Framework aims for.  

Table 3: The table below is the representation of the different sections and indicators found in the Singapore Index on Cities’ 

Biodiversity (CBD 2021). None of the indicators has a weight, and they all worth the same (4 points). 

Sections Indicators 

Native Biodiversity in 

the city (36 points) 

Proportion of Natural Areas in the City 

Connectivity Measures or Ecological Networks to Counter 

Fragmentation 

Native Biodiversity in Built Up Areas (Bird Species) 

Change in Number of Vascular Plant Species 

Change in Number of Native Bird Species 

Change in Number of Native Arthropod Species 

Habitat Restoration 

Proportion of Protected Natural Areas 

Proportion of Invasive Alien Species 

Ecosystems services 

provided by biodiversity 

(20 points) 

Regulation of Quantity of Water 

Climate Regulation – Benefits of Trees and Greenery 

Recreational Services 

Health and Wellbeing – Proximity/Accessibility to Parks 

Food Security Resilience – Urban Agriculture 

Government and 

Management of 

biodiversity 

(56 points) 

Institutional Capacity 

Budget Allocated to Biodiversity 

Policies, Rules and Regulations – Existence of Local Biodiversity 

Strategy and Action Plan 

Status of Natural Capital Assessment in the City 

 State of Green and Blue Space Management Plans in the City 

https://www.zotero.org/google-docs/?WyEoLi
https://www.zotero.org/google-docs/?0b40YA
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Sections Indicators 
Biodiversity Related Responses to Climate Change 

Policy and/or Incentives for Green Infrastructure as Nature-based 

Solutions 

Cross-sectoral and Inter-agency Collaborations 

Participation and Partnership: Existence of Formal or Informal 

Public Consultation Process Pertaining to Biodiversity Related 

Matters 

Participation and Partnership: Number of Agencies/Private 

Companies/ NGOs/Academic Institutions/International 

Organisations with which the City is Partnering in Biodiversity 

Activities, Projects and Programmes 

Number of Biodiversity Projects Implemented by the City Annually 

Education 

Awareness 

Community Science 

The level of details of these indicators is also what makes this index strong, expressing the 

important elements in terms of urban biodiversity and what should be considered when 

assessing such a topic. In their report, each indicator is associated with the method of calculation 

as well as the grading system indicating the score of each value (between 1 to 5) as well as 

where to find or obtain this data. These components appeared to be quite useful and inspiring 

and could influence the final result of this thesis.  

At first sight, unless the fact that some indicators are quite precise and so on not applicable for 

the future part of this thesis, this index provides a good tool to assess the state of the urban 

biodiversity in cities and what is being done for it.  

The Singapore Index on Cities Biodiversity gives a good overview of how to assess urban 

biodiversity, some indicators appeared to be too precise. However, the Sponge City Assessment 

Framework could take inspiration from the grading system and the way each indicators is 

presented by providing a description, how to calculate it, where to get the data and the basis of 

scoring (CBD 2021).   

 

4.3 The European Urban Biodiversity 
The aim of the EUBI is to create a self assessment tool for urban areas. It is focusing on urban 

biodiversity, which they define as biological components comprising everything from singular 

organisms to larger forest for instance (Ruf et al. 2018).  

This index, operating at a European scale is supporting ongoing project like MAES (Mapping 

Assessment of Ecosystems and their services) and ‘EnRoute’ (Enhancing Resilience of Urban 

Ecosystem through Green Infrastructure) project to give the opportunity to cities to gain 

information on biodiversity development in a European context using easily accessible and free 

data (Ruf et al. 2018).  

The index has divided its assessment approach into two components in order to make full use 

of the European project, Copernicus. The first type of indicators are part of the “Core index”, 

divided into eight indicators and are based on Copernicus products. These indicators are 

representing characteristics such as habitat availability, landscape heterogeneity, habitat 

connectivity and species density. The second type of indicators are part of the “Local index” 

and composed of four ancillary indicators depending on the data availability of each city (Ruf 

et al. 2018).  

 

https://www.zotero.org/google-docs/?hqk4nP
https://www.zotero.org/google-docs/?qVdHM2
https://www.zotero.org/google-docs/?JzVtFC
https://www.zotero.org/google-docs/?b1Wo5O
https://www.zotero.org/google-docs/?b1Wo5O
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Table 4: The table below is the representation of the different sections and indicators found outlined by The European Urban 

Biodiversity (Ruf et al. 2018). The indicators are divided into two “sections” which are in reality, the mandatory indicators 

(Core Index) and the optional ones (Local Index). The data used for the Core Index is available for all European cities thanks 

to the Copernicus project. However, the data availability for the Local Index vary from city to city. 

Sections Indicators 

Core index C01 Proportion of permeable urban are 

C02 Proportion of protected area 

C03 Proportion of green areas 

C04 Proportion of blue areas 

C05 Length of ecotones 

C06 Art. 12 Species richness 

C07 Art. 17 Species richness 

C08 Art. 17 Habitat richness 

Local Index L01 Number of native species 

L02 Proportion of invasive alien species 

L03 Proportion of Natural Areas in the City 

L04 Access to urban green areas 

The major strong point of this index is the ease to have access to the data due to the Copernicus 

programme. Similarly to the Singapore Index on Cities’ Biodiversity, a clear description of each 

indicator is provided with the data source. Another element they are promoting is the use of 

grid cells to apply the index’s score, breaking the city into smaller pieces (10ha hexagonal 

shape) which allow it to identify the weak points of the city (Ruf et al. 2018). 

On the other hand, this index is built to be apply in the European context, making its application 

to cities outside Europe compromised. Moreover, the data gathered with the help of Copernicus 

is only available in Europe.  

To conclude, this index is providing a simple assessment, less detailed compared to the 

Singapore Index, with data more accessible for European cities. Its affiliation with other 

European projects is giving even more credit to the information brought to the fore. In their 

report, the process they went trough is described, as well as the methodology to a gather the 

data for each indicators and the data source.  

4.4 The City Resilience Framework 
The City Resilience Index developed by Arup in 2015 supported by The Rockefeller 

Foundation is providing an evidence-based definition of urban resilience. Instead of comparing 

cities with each other, the CRI (City Resilience Index) aims at measuring the performance of 

cities over time. This tool will primarily be used by city governments or other interested 

organizations and individuals like universities and non-governmental organizations for 

instance. It is intended that the CRI process will also provide an understanding of the vulnerable 

groups who normally suffer more severely from the impacts of disruptions and failures (The 

Rockefeller Foundation and Arup 2014).  

This index has been developed in collaboration with pilot cities around the world. The 

knowledge gained is now applied to numerous cities around the world of every type and scale. 

It will provide a common basis of measurement and assessment to facilitate dialogue and 

knowledge-sharing between cities (The Rockefeller Foundation and Arup 2014).  

In terms of indicators, the CRI is divided into four dimensions, “Health and Wellbeing”, 

“Economy and Society”, “Infrastructure and Environment” and “Leadership and strategy”. 

Each dimension is composed of three goals (12 in total), together the index comprises 52 

indicators. The specificity of this index is the fact that each indicator is combining quantitative 

https://www.zotero.org/google-docs/?zEE2Oc
https://www.zotero.org/google-docs/?ZKYkPB
https://www.zotero.org/google-docs/?ZKYkPB
https://www.zotero.org/google-docs/?KxNYXk
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and qualitative data. For the qualitative data, each question counts in average three questions 

(more or less according to the indicator), to help guide the answer on a scale from 1 to 5, the 

index gives an example of the best and worst case scenario. Regarding the quantitative data, 

they have identified quantitative metrics that can be used by cities as proxies for past and current 

performance in relation to the sub indicator. The data is then combined to obtain an indicator 

going from 1 to 5 (1=Very poor, Poor, Moderate, Good, 5=Excellent) (The Rockefeller 

Foundation and Arup 2014). 

 

Table 5: The table represents the Categories, the Sections and the Indicators of the City Resilience Framework (The 

Rockefeller Foundation and Arup 2014). As seen above, each indicators are associated both quantitative and qualitative 

data. They are also associated with qualities (7 qualities in total) in order to provide a more complete measure of resilience 

according to (The Rockefeller Foundation and Arup 2014). 

Category Section Indicators 
Health and Well-

being 

Minimal human 

vulnerability 

Safe and affordable housing 

Adequate affordable energy supply 

Inclusive access to safe drinking water 

Effective Sanitation 

Sufficient affordable food supply 

Diverse livelihoods 

and employment 

Inclusive labour policies 

Relevant skills and training 

Local business development and innovation 

Supportive financing mechanisms 

Diverse protection of livelihoods following a 

shock 

 

Effective safeguards to 

human health and life 

Robust public health systems 

Adequate access to quality healthcare 

Emergency medical care 

Effective emergency response services 

Economy and society Collective identity and 

community support 

Local Community Support 

Cohesive communities 

Strong city-wide identity and culture 

Actively engaged citizens 

Actively engaged citizens 

Effective systems to deter crime 

Proactive corruption prevention 

Competent policing 

Accessible criminal and civil justice 

Sustainable economy Well-managed public finances 

Comprehensive business continuity planning 

Diverse economic base 

Attractive business environment 

Strong integration with regional and global 

economies 

Infrastructure and 

ecosystems 

Reduced exposure & 

fragility 

Comprehensive hazard and exposure mapping 

Appropriate codes, standards and enforcement 

Effectively managed protective ecosystems 

Robust protective infrastructure 

https://www.zotero.org/google-docs/?ZIXnrL
https://www.zotero.org/google-docs/?ZIXnrL
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Category Section Indicators 
Effective provision of 

critical services 

Effective stewardship of ecosystems 

Flexible infrastructure 

Retained spare capacity 

Diligent maintenance and continuity 

Adequate continuity for critical assets and 

services 

Reliable mobility and 

communications 

Diverse and affordable transport networks 

Effective transport operation & maintenance 

Reliable communications technology 

Secure technology networks 

Leadership and 

strategy 

Effective leadership 

and management 

Appropriate government decision-making 

Effective co-ordination with other government 

bodies 

Proactive multi-stakeholder collaboration 

Comprehensive hazard monitoring and risk 

assessment 

Comprehensive government emergency 

management 

Empowered 

stakeholders 

Adequate education for all 

Widespread community awareness and 

preparedness 

Effective mechanisms for communities to engage 

with government 

Integrated 

development planning 

Comprehensive city monitoring and data 

management 

Consultative planning process 

Appropriate land use and zoning 

Robust planning approval process 

The major strength of this Index is based on the way it is structured, with different dimensions 

and goals, allowing to understand which domain the city is performing well and which domain 

they are behind. In addition, the combination of the quantitative and qualitative data for each 

indicator permits to cover a lot and provide a strong assessment.  

However, regarding the Sponge City Assessment Framework, what makes its strength is also 

its weakness. Indeed, the complexity of gathering the data can be quite a challenge. Moreover, 

the use of qualitative data and the Sponge City Assessment Framework is not compatible.It can 

provide too much fluctuation in the answers and can too much variations according to different 

perspectives.  

To conclude, this index is particularly interesting in terms of structure, the way the different 

section are separated and presented, moreover the grading system (1-5 scale bar) ties up with 

the previous indexes which are using the same system and could influence the work done within 

this thesis. However, this index is focusing on the People aspect of the Resilient city, which is 

only a part of the Sponge City Concept, and is not focusing much on the ability cities have to 

mitigate climate with given solutions such as Green or Engineered Infrastructures. By no means 

the City Resilience Index is assessing elements the Sponge City Concept is trying to achieve, 

but it can still be used as an inspiration source for the development of a Sponge City Assessment 

Framework.  
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4.5 Sustainable City Indexing 
The Sustainable City Indexing, developed in 2017, is the result of the efforts of the United 

Nations Industrial Development Organization (UNIDO), which had the desire to develop a 

framework of indices aligned with the SDGs. Their idea is to provide support to assess and 

compare cities to reveal their comparative advantages and disadvantages for the sake of smart, 

sustainable and inclusive urban and regional growth (UNIDO 2017).  

This index is dedicated to all the United Nations member states, which adopted the 2030 

Agenda for Sustainable Development. The current challenges cities around the world are facing 

regarding sustainability are in need of solutions (UNIDO 2017). By making a particular focus 

on the SDGs associated with cities, on top of the already existing work on the field. This index 

is providing a framework able to answer the following objectives: (1)To assess the city’s current 

development situation; (2)To monitor urban and industrial development trends; (3)To identify 

urban risks and hazards; (4)To identify focus areas for further development (UNIDO 2017).  

Based on their study, they have developed a framework of “inclusive and sustainable urban-

industrial  development indices” (UNIDO 2017). They have divided this framework into six 

key domains: “Infrastructure”, “Industry and innovation”, “Environment”, “Governance”, 

“Citizen development” and “Social equity”. Each domain comprises three to four factors, for a 

total of 22 factors in total, factors which will further be developed into multiple indicators 

(UNIDO 2017).  

Table 6:The Sustainable City Indexing presented the Key domains and Factors of their Index inspired by a list of European 

and Worldwide indexes as well as the challenges addressed in the SDGs (UNIDO 2017).  

Key domains Factors 

Infrastructure Mobility 

Water treatment 

Waste management 

ICT infrastructure 

Industry and innovation Green economy 

Innovation 

Competitiveness 

Industrial clusters 

Environment Energy efficiency 

Pollution control 

Nature condition 

Governance Public participation 

Urban strategy and planning 

Multi-level involvement and cooperation 

Political transparency 

Citizen development Safety and health 

Education 

Human capital 

Culture development 

Social equity Employment 

Housing 

Social cohesion 

 

https://www.zotero.org/google-docs/?gaX2MB
https://www.zotero.org/google-docs/?SlUMhi
https://www.zotero.org/google-docs/?dfo84P
https://www.zotero.org/google-docs/?t7rJRh
https://www.zotero.org/google-docs/?3N2x6y
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Regarding this index, what makes it interesting to look at is the fact that in order to arrive at 

these domains and indicators, they took inspiration from different index with different 

influences operating at different scales (China, Europe, Worldwide) and combined them to fit 

with the Sustainable Development Goals. Moreover, they are also taking into account the 

different links between the six domains in an urban system (UNIDO 2017).  

However, the document they have released looks not ready for disclosure due to the fact that 

they have not defined the indicators and the grading system. Their plan to build these indicators 

is to have a look at the 232 indicators from the SDGs or to use the ISO 37120 indicators list 

(UNIDO 2017). 

Because what the United Nations are representing makes it interesting and assures that the work 

is embodied within the current challenges cities are facing and align with the 2030 Agenda for 

Sustainable Development. The idea of the sustainable city and the different links its domains 

are highlighting makes it valuable enough to look at and take inspiration from.  

 

4.6 Urban Living Index 
The Urban Living Index is the result of the collaboration of Urban Taskforce Australia and 

McCrindle. This index is exploring the city of Sydney’s abilities to deal with a growing 

population, densification and all the challenges associated with it in order to assess the urban 

liveability of the different parts of the city. 

The framework they have developed was showcased in a first place to answer the issues the 

city of Sydney is facing. However, the different measures they came up with could be applied 

to other cities seeking to define their liveability.  

The Urban Living Index is composed of five categories: “Affordability”, “Community”, 

“Employability”, “Amenity” and “Accessibility”. Each of these categories is divided into four 

measures costing five points each. The index is assessing each suburb and identifying the strong 

and weak points of the city in regards to livability (Urban Taskforce 2023).  

Table 7: It represent the Categories and the Indicators used in the Urban Living Index (Urban Taskforce 2023).  

Categories Indicators 

Affordability 

(Financial) 

Home cost 
Rental cost 
Rental population 
Household income 

Community 

(Social) 

 

Dynamic community 
Language diversity 
Volunteer work 
Workforce participation 

Employability 

(Vocational) 

 

Full time employment 
Higher education qualification 
Professionals 
Employing businesses 

Amenity 

(Environmental) 

 

Educational attendence 
Arts and recreation 
Restaurants and cafes 
Shopping 

https://www.zotero.org/google-docs/?oQGmBP
https://www.zotero.org/google-docs/?mU8yzd
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Categories Indicators 

Accessibility 

(Physical) 

 

Access to work 
Population density 
Walking to work 
Transport sustainability 

 

The data can be visualized as an interactive map outlining the strong and weak neighborhoods 

at a city scale according to each categories or as an overall result. Similarly to other indexes, 

the Urban Living Index is based on a 5 points scale bars, each of the category assigned with a 

color, facilitating the comprehension of the situation. The visual display associated with the 

data brings an efficient way to interpret the results.  

In terms of indicators, not much could be taken out of it and integrated into the Sponge City 

Assessment Framework. In addition, the fact that it has been developed for a unique city could 

show some limitations in terms of adaptability, to get the data but also regarding the choice of 

the indicators, which can maybe not correspond to a city situated in a developing country who 

is not sharing the same philosophy and lifestyle principles.  

Not a lot of indicators could correspond to what this thesis is aiming for, however, the grading 

system as well as the simplicity the data is presented make it inspiring. The data visualization, 

in the form of a map is interesting and deliver a clear assessment of the situation.  

 

4.7 Defining the indicators for the Sponge City Assessment Framework 
First of all, before defining the potential indicators that can be associated with the components, 

there is a need to integrate the potential technical guidelines provided by the government. Based 

on the documentation delivered by the Chinese Governments in my possession and providing 

technical guidelines for the implementation, design and construction of the Sponge City, some 

key elements have been extracted. Indeed, one of the documents retrieved from the Ministry of 

Housing and Urban-Rural Development called “Standard for subject plan and design of sponge 

city construction” is delivering these precisions. In fact, for the main majority, these details are 

concerning the Water system, covering the technical aspects of the urban water management. 

These specificities are being presented in the following table.  

Table 8: Based on the Systems, Subsystems and Components highlighted in the Analysis 1, the specific requirements from the 

Chinese governments in terms of the efficiency a Sponge City needs to reach, are integrated in the column “Technical 

Clarifications”. When the row corresponding to a component is not filled out, it means that none of the key elements extracted 

from the documents in my possession are giving further clarifications.  

SYSTEMS SUBSYSTEMS COMPONENTS TECHNICAL CLARIFICATIONS SOURCE 
WATER Water Ecology Ecological 

Shoreline 

Restoration (blue 

line) 

Rivers should be able to absorb a 200 

year event 
(Griffiths 

et al. 2020) 

Runoff Control Not less than 40% permeable surfaces in 

new areas 
(Griffiths 

et al. 2020) 

Stable 

Groundwater 

Level 

The annual average groundwater level 

remained stable or the decline rate is 

lower than before the construction at the 

same period of the year. This indicator is 

not evaluated in areas where the average 

annual rainfall exceeds 1000 mm 

(MHURD 

2020) 

https://www.zotero.org/google-docs/?SxhnXE
https://www.zotero.org/google-docs/?SxhnXE
https://www.zotero.org/google-docs/?bhTnBY
https://www.zotero.org/google-docs/?bhTnBY
https://www.zotero.org/google-docs/?4jqrsr
https://www.zotero.org/google-docs/?4jqrsr
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SYSTEMS SUBSYSTEMS COMPONENTS TECHNICAL CLARIFICATIONS SOURCE 
Reduction of 

Urban Heat Island 
Green areas should not be lower than 

30% for newly built and not lower than 

25% for rebuilt areas 

(MHURD 

2020) 

Water 

Environment 
Point Source 

Pollution Control 
No direct discharge from rainwater pipe 

into river system. No direct discharge 

from combined system. Combined 

system should be treated to respect 

standard IV of water qulity before 

discharge into rivers and lakes. 

(MHURD 

2020) 

Ensure Ground 

Water Quality 
Not lower than groundwater quality 

standard Class III 
(MHURD 

2020) 

Ensure 

River/Lake Water 

Quality 

Not lower than IV (MHURD 

2020) 

Water Security Safe Drinking 

Water 
Level III of standard requirements (MHURD 

2020) 

Eliminated or 

Reduced Water-

logging points 

- - 

Water 

Ressources 
Leakage Control Not higher than 12% (MHURD 

2020) 

Rainwater 

Utilisation 
Recycle 70% of rainfall (MHURD 

2020) 

Waste Water 

Purification 
Recycling rate not less than 20% (MHURD 

2020) 

NATURE Natural habitats NOx Reduction - - 

CO2 Reduction - - 

Create habitats for 

plants and animals 

(land and water) 

- - 

Ensure Natural 

Ecological Pattern 
- - 

Biodiversity Restore and 

Improve Soil 

Quality 

- - 

Protect Native 

Species 
- - 

PEOPLE Communities Public 

Participation 
- - 

Education/Aware

ness 
- - 

Inequalities - - 

https://www.zotero.org/google-docs/?vsJPjo
https://www.zotero.org/google-docs/?vsJPjo
https://www.zotero.org/google-docs/?alfLde
https://www.zotero.org/google-docs/?alfLde
https://www.zotero.org/google-docs/?atzdfY
https://www.zotero.org/google-docs/?atzdfY
https://www.zotero.org/google-docs/?goZ1Lr
https://www.zotero.org/google-docs/?goZ1Lr
https://www.zotero.org/google-docs/?95Tzjx
https://www.zotero.org/google-docs/?95Tzjx
https://www.zotero.org/google-docs/?N53xgX
https://www.zotero.org/google-docs/?N53xgX
https://www.zotero.org/google-docs/?VLVdQu
https://www.zotero.org/google-docs/?VLVdQu
https://www.zotero.org/google-docs/?3K8ZBi
https://www.zotero.org/google-docs/?3K8ZBi
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SYSTEMS SUBSYSTEMS COMPONENTS TECHNICAL CLARIFICATIONS SOURCE 
Health & Well-

being 
Reduce 

Vulnerability 
Cities should be able to resist to a 30y 

event 
(Chan et 

al. 2018) 

Provide 

Recreation Areas 
- - 

Improve Water-

related Services 
- - 

Improve Water-

related Services 
- - 

All these components presented earlier in the Analysis 1 and presented in another form in the 

table above are the representation of the Sponge City described by the Chinese government. To 

assess the status of a city regarding this idea requires setting up some indicators matching with 

mentioned components. The following section will present the associated to set up some 

indicators of these components. The technical requirements highlighted above will be taken 

into consideration and integrated within the assessment framework during the constitution of 

the indicators and the grading system.  

After presenting the different indexes and extracting the indicators, this section aims at picking 

up all the relevant indicators that correspond to the components of the Sponge City highlighted 

previously with the help of the General System Theory. In first place, this section will have a 

look only at the indexes selected thanks to the gray literature review. In a second place, if some 

components are not covered by these indicators, it will be supplied by international 

organizations. The following table seeks to present the chosen indicators to represent the 

different components. The blue color is corresponding to the indicators extracted directly from 

the indexes presented earlier. The green is for the ones that have been directly extracted from 

other sources like the SDGs, United Nations or the Mori Memorial foundation. And the rest of 

the indicators took inspiration, either from the government’s requirements directly or from other 

studies. It is necessary to precise that some sources are coming from the early phases of the 

project when different keywords (i.g. “urban water management”, “sustainable city index” and 

similar terms) were tested on google scholar in order to outline the problematic of this thesis. It 

appear at this stage of the thesis that some of them contained useful information. 

Table 9: Based on Components, a selection of indicators have been made and are presented below. The majority of the 

indicators associated with a source but for the remaining one, the indicators have been define based on the description made 

out of the components provided by the MHURD.  

COMPONENTS INDICATORS 
 

SOURCE 

Ecological Shoreline 

Restoration (blue line) 
Assessment of the blue line delineation - 

Runoff Control Percentage of permeable surfaces  (CBD 2021) 

Stable Groundwater Level Assessment of the groundwater level - 

Reduction of Urban Heat Island Percentage of green cover (CBD 2021) 

Point Source Pollution Control Percentage of separation of the 

infrastructures for wastewater and storm 

water collection 

(Van Leeuwen et al. 2012)  

https://www.zotero.org/google-docs/?qJnaWU
https://www.zotero.org/google-docs/?qJnaWU
https://www.zotero.org/google-docs/?QO8hI0
https://www.zotero.org/google-docs/?MNBU1O
https://www.zotero.org/google-docs/?jjl7Lx


Aalborg University  Master Thesis 

 

50 

 

COMPONENTS INDICATORS 
 

SOURCE 

Ensure Ground Water Quality Assessment of the ground water quality 

based on international standards 
(Van Leeuwen et al. 2012)  

Ensure River/Lake Water 

Quality 
Assessment of the surface water quality 

based on international standards 
(Van Leeuwen et al. 2012)  

Safe Drinking Water Percentage of the population using safely 

managed drinking-water services 
(The Rockefeller Foundation 

and Arup 2014) 

Eliminated or Reduced Water-

logging points 
Assessing the evolution of the water-

logging points 
- 

Leakage Control Percentage of the water loss in the 

distribution system 
(Van Leeuwen et al. 2012) 

Rainwater Utilisation Percentage of the rainwater that is being 

re-use 
-  

Waste Water Purification Percentage of safely treated domestic 

wastewater flows 
(SDGs)  

NOx Reduction PM2.5 concentration (IQ Air) 

CO2 Reduction Carbon capture capacity -  

Create habitats for plants and 

animals (land and water) 
Percentage of habitat restored (CBD 2021) 

Ensure Natural Ecological 

Pattern 
Ecological network (CBD 2021) 

Restore and Improve Soil 

Quality 
Assessment of the soil quality based on 

international standards 
- 

Protect Native Species Proportion of invasive alien species (CBD 2021) 

Public Participation Participation rate of youth and adults in 

formal and non-formal education and 

training in  the previous 12 months  

(SDGs) 

Education/Awareness 

Inequalities  Access to basic services (SDGs)  

Reduce Vulnerability Capacity of the city to resist to rain events - 

Provide Recreation Areas Recreational services (CBD 2021) 

Improve Water-related Services Percentage of the population with access 

to improved sanitation 
(The Rockefeller Foundation 

and Arup 2014)  

The requirements provided by the Chinese Ministry of Housing and Urban-Rural Development 

(MHURD) have not been integrated directly as an indicator. Indeed, as long as it is possible, 

instead of  using a Yes or No question like “Does the requirements on runoff control are met” 

which is providing only two possibilities. The choice made and inspired by the studied index, 

was to provide a more open question with multiple choices where the amount of points for one 

https://www.zotero.org/google-docs/?DgsRB9
https://www.zotero.org/google-docs/?WGwwf9
https://www.zotero.org/google-docs/?ah6AhX
https://www.zotero.org/google-docs/?ah6AhX
https://www.zotero.org/google-docs/?iJ1zNi
https://www.zotero.org/google-docs/?SsnIIa
https://www.zotero.org/google-docs/?U6qzdY
https://www.zotero.org/google-docs/?SKcPO2
https://www.zotero.org/google-docs/?zRySDr
https://www.zotero.org/google-docs/?f0N2Io
https://www.zotero.org/google-docs/?96fpl9
https://www.zotero.org/google-docs/?BXuHC9
https://www.zotero.org/google-docs/?oZnNhF
https://www.zotero.org/google-docs/?hvhqtg
https://www.zotero.org/google-docs/?hvhqtg
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indicator would vary in accordance to the answer and provide a more precise assessment. All 

the specificity about the grading system and the integration of national requirements in the grade 

will be revealed in the next chapter.  

In conclusion of the Analysis 2, this chapter started by analyzing the result from the gray 

literature review presented earlier in the report. The aim of this section was to present these 

different indexes and highlight the key elements, the strengths and the weaknesses. Assessing 

these frameworks was necessary for the continuation of this chapter in order to emphasize the 

choice of the future indicators, which will constitute the Sponge City Assessment Framework. 

Indeed, after having a look at the different requirements from the Chinese Ministry of Housing 

and Urban-Rural Development regarding the different components identified in the previous 

chapter with the help of the General System Theory, this section has associated the relevant 

indicators from various sources with these components. The majority of presented indicators 

have been transferred or inspired by already existing work, only a few of them have been created 

to fit specifically with the components.  

The objective of Chapter 4 was to answer the second sub-research question: “What are the key 

indicators that should be included in the Sponge city framework for assessing the effectiveness 

of a city to mitigate climate and bring multiple co-benefits?”. Thanks to the gray literature 

review, which collected the right data necessary for the realization of this Chapter, the second 

sub research question has successfully been answered by investigating the Indexes selected 

earlier and by identifying the key indicators that should be included in the Sponge City 

Assessment Framework.  

ANALYSIS 3 
As a conclusion of the results this thesis generated, this section will combine the results from 

the Analysis 1 and the Analysis 2 in order to answer the third and last sub-question: “How can 

the Sponge City Assessment Framework express the true representation of the Sponge City 

Concept?”. To do this, this section will first introduce the 23 indicators to then conclude on 

the final product of this thesis, the Sponge City Assessment Framework.  

5.1 Sponge City Assessment Framework Handbook 
As seen in the Analysis 2, each component is not associated with one specific indicator, in fact 

this section will present 23 indicators for 24 components identified. In addition, because the 

aim of this thesis is also to provide a simple assessment framework which can be used by as 

many cities around the world as possible, some indicators are sometimes sharing the same data.  

The process of selecting these indicators involved drawing inspiration from existing indexes 

while adapting and refining them to align with the objectives of this thesis. In some cases, only 

the grading scale was adopted, while in others, both the grading system and calculation methods 

were integrated. Furthermore, the 23 individual indicators are meticulously presented, 

accompanied by detailed descriptions that emphasize their significance within the context of 

the Sponge City Concept. Some indicators are supported by already available data which can 

be transferred into the grading without conversion but some need a quick calculation in order 

to be applicable and translated into a grade.  

To enhance the usability and flexibility of the assessment framework, the grading system allows 

for varying levels of performance assessment for all indicators except one. This feature 

empowers cities to monitor their progress and track the evolution of their performance over 

time. Additionally, a level of difficulty to gather the required data has been assigned to each 

indicator, representing an estimation based on preliminary investigations conducted during the 

indicator development process. It is important to note that this estimation is subject to change 

as new information becomes available and further refinements are made. 
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The indicators are presented below, categorized according to the color code identified in the 

Analysis 1, where blue signifies water-related indicators, green represents nature-related 

indicators, and yellow pertains to indicators related to people. This comprehensive array of 

indicators and their associated grading systems forms the backbone of the Sponge City 

Assessment Framework, offering cities a robust and adaptable tool for evaluating their progress 

towards sustainable urban water management and resilience. 

By expanding upon the above description, we can provide a more detailed explanation of the 

various aspects involved in the development and implementation of the indicators within the 

Sponge City Assessment Framework. 

In certain instances, specific sections within the indicator catalog may remain empty, indicating 

that, within the designated time frame, no sufficient or satisfactory information was obtained to 

effectively address those particular sections of the indicator. This occurrence underscores the 

significance of comprehensive data collection and highlights the challenges associated with 

acquiring complete and reliable information in certain contexts. While the absence of 

information in certain sections may be disappointing, it also presents an opportunity for future 

research and data gathering endeavors. It highlights the need for targeted investigations and 

collaborations to bridge these information gaps and enrich the understanding of the evaluated 

indicators. By identifying these gaps, it becomes evident where further attention and resources 

are required to enhance the effectiveness and completeness of the assessment framework. It is 

crucial to acknowledge that the absence of information within specific sections of the catalog 

does not diminish the overall value and efficacy of the assessment framework. Rather, it serves 

as a reminder of the dynamic and evolving nature of urban water management and the ongoing 

challenges associated with data collection and analysis. Through ongoing research, 

collaboration, and data-sharing initiatives, the aim is to gradually fill these knowledge gaps and 

enhance the comprehensiveness and reliability of the assessment framework for the benefit of 

cities worldwide. 

The delimitation between a simple and imprecise indicator is delicate, and can result in a 

misalignment with the original intentions of the assessment framework. The challenge is to find 

the right balance between simplicity and level of precision, as indicators that are too simplistic 

may fail to capture the original evaluated aspects, while overly precise indicators may become 

unreliable in real situation due to the level of difficulty to gather the necessary data. Therefore, 

careful consideration is required when selecting and defining indicators to ensure they align 

closely with the desired objectives and accurately reflect the intended dimensions of the 

assessment. And that is what the Analysis 3 have tried to do with the following catalog of 

indicators representing the components of the Sponge City.  
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5.2 The Sponge City Assessment Framework 
This subsection gives an overview of all the elements put together. Throughout this final 

Chapter of the Results section, the different elements highlighted during the Analysis 1 and 2 

led to the final product of this thesis. The Systems and Subsystems resulting from the first 

Analysis provided this paper with all the components of the Sponge City Concept. Together 

with the help of the indicators, grading systems, structures and other aspects emphasized by the 

second Analysis led to a framework representing the key elements of the Sponge City Concept.  

The culmination of this thesis is the development of the Sponge City Assessment framework, 

which represents a step forward in evaluating and promoting sustainable urban water 

management practices, in particular the Chinese concept. Through an extensive analysis of gray 

literature, scientific articles as well as indexes and their indicators, a comprehensive framework 

has been outlined. The framework incorporates multiple dimensions, characterized by the three 

Systems (Water, Nature and People) and the subsystems associated with it. By adopting this 

framework, cities will have a standardized tool to assess their progress regarding the principles 

of a Sponge City and to also identify areas for improvement. The framework not only 

emphasizes the quantity of water management measures but also focuses on the quality of 

implementation, ecological functionality, and co-benefits for communities. It can be utilizzed 

as a valuable guide for urban planners, policymakers, and stakeholders in their efforts to create 

resilient and livable cities that effectively manage water resources and mitigate the impacts of 

climate change. With the Sponge City Assessment framework, cities can proactively enhance 

their water management strategies, foster sustainable development, and contribute to a more 

resilient and environmentally friendly future. 

Figure 17: The sponge City Assessment Framework (figure from the author) 
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DISCUSSION & CONCLUSION 
The increase of the world population and the increase of the urban population can lead to 

additional pressure on the Water Supply system, the Waste Water and solid waste management 

systems (Sim and Balamurugan 1991). In many developing countries, water supply and 

sanitation in urbanized areas are facing many challenges such as the growing population, the 

lack of infrastructure and investments in infrastructures and limitations to natural resources 

(Van der Bruggen, Borghgraef, and Vinckier 2010). That is why developed countries and 

developing cities around the world are in need of solutions, which can tackle many issues at 

once. Sustainable Urban Water Management like the Sponge City Concept can be the solution 

to reduce the harmful effects of urbanization and climate change.  

With the help of the sub-questions, this thesis developed an analysis divided into three parts. 

Analysis 1 started by defining the term “Sponge City” and the idea behind it by using the 

documents resulting from the literature review. Based on the knowledge acquired from this 

step, the General System Theory helped to identify the Systems, Subsystems and components 

of a Sponge City. The first analysis was also the occasion, based on the understanding of the 

concept gained during the literature review, to identify the links between the components. Once 

the systems, the subsystems and the components where identified, this data was used to identify 

the relevant indicators from a batch of indexes on sustainable cities selected beforehand. 

Analysis 2 was also the occasion to take inspiration from these indexes for their grading systems 

and the way they were structured. With now, a selection of indicators where each corresponding 

to one or two components highlighted in the previous phase, which then led to Analysis 3. The 

final part collected the data from the two previous phases to combine them in order to obtain 

the Sponge City Assessment Framework. During this final step, each indicator was presented 

one by one, giving a grading scale adapted for each of them based on existing indicators, on 

international guidelines or based on the current worst and best-case scenarios from cities around 

the world.  

Overall, investigations conducted by this thesis highlighted the fact that the sponge city concept 

compared to similar Urban Water Management concepts are aiming to operate at larger scale, 

combining micro and meso scale projects. This thesis highlighted also that together, the 

different components of a sponge city are participating to provide multiple benefits and in some 

ways, they are all supporting each other. Impacts on one of the components might affect other 

components. The relation between the components emphasized in Analysis 1 can also provide 

a better understanding and identify the issues encountered if one of the indicators is low.   

6.1 Interpretations 
Even if the Sponge City Concept is being described by the MHURD as a solution combining 

green and gray infrastructures, their requirements are strongly focusing on green cover and 

giving room for rivers and water bodies by creating natural buffer zones around them. The 

protection or restoration of the natural water system is put forward in favor of green 

infrastructure while gray infrastructure like the sewage drainage network and pumps for 

instance need to be updated to provide minimum services to the inhabitants (Xia et al. 2017). 

The Sponge City Assessment Framework is also following these principles by integrating the 

technical requirements into the grading system.  

The understanding of the Sponge City Concept represented by the final product of this thesis, 

the Sponge City Assessment Framework, aimed to be utilized as an evaluation and monitoring 

tool for cities to track changes. It can also be used to provide an understanding of a more specific 

situation, if the urbanization is affecting in good or bad some subsystems of the city or if the 

plan from the municipality to reduce Urban Heat Island is beneficial for native species and air 

quality for instance. Along those lines, the wheel of components (Figure 15), can also be used 

https://www.zotero.org/google-docs/?broken=dtQzn7
https://www.zotero.org/google-docs/?broken=oxtlLX
https://www.zotero.org/google-docs/?fVojEJ
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as a handbook and provide solutions by having a look at the links between the components to 

understand by what the components are affected and which other components it is affecting.  

In addition, knowing its origins from an Asian developing country (China) experiencing 

recurrent heavy rainfall with the monsoon season. Similar countries experiencing the same 

challenges could potentially fit well with the challenges addressed by Sponge Cities. Southeast 

Asian countries are some of them, the region, facing challenges such as income inequality, 

environmental degradation and political instability (Carroll 2020). As well as the large 

population (665 millions), and the geography, surrounded by water with a high concentration 

of population and economic activities in coastal areas makes these countries highly vulnerable 

(Asian Development Bank 2009) and in need of solutions to overcome the effects of climate 

change. Knowing that the geographical position of this region on the globe makes it particularly 

exposed to tropical storm, typhoon and monsoon (Torti 2012), flooding represents, the main 

threat and raises many concerns for the economy but also for the health and well-being of the 

population (Asian Development Bank 2019). Similar to China, rapid urbanization and rapid 

expansion led to higher demand on the water supply and sanitation services, putting pressure 

on the infrastructure resulting in an unreliable service for a part of the population. Increasing 

the stress on the environment and the threats of climate change (Asian Development Bank 

2009). Poor governance is also a contributing factor to water-related issues in Southeast Asia. 

Weak governance combined with disaster risk worsen inequalities and poverty. Ineffective 

policy can lead to inadequate infrastructure and poor management and exacerbate water related 

issues (Asian Development Bank 2019).  

As seen with the above example, urbanization and climate change are the major challenges 

faced by Southeast Asian cities. Hence, the work realized within this thesis could be particularly 

relevant in this type of region to emphasize the areas of improvements and the potential reasons 

related to the issues encountered.  

6.2 Implications 
Key elements have been identified regarding the implication of this work into the current 

context. The data contributes to a clearer understanding of a Sponge City. Indeed, as seen with 

the literature review of indexes on sustainable cities, one of them used the term Sponge City to 

assess only a small part of the concept, which is creating confusion to the uninformed public. 

In that sense, this work participates in the definition of the concept based on official data. In 

comparison with other concepts of sustainable Urban Water Management developed from a 

western point of view, this work participates in the democratization of an Asian/Chinese 

concept developed for developing countries. In addition, the fact that it is a relatively new 

concept, established recently only, on top of the few information delivered in English by the 

Chinese government, as well as the fact that the literature on Sponge Cities, are often focusing 

on one aspect of the sponge city but not describing the different components of a Sponge City. 

This thesis is bringing new insights to the field. By utilizing the General System Theory, the 

links between the different systems and components are bringed to the fore. This on top of the 

assessment framework are offering a uniformed methodology to cities around the world.  

Moreover, another important point that needs to be highlighted in this thesis, is the fact that the 

technical requirements from the MHURD identified in Analysis 2 have been integrated in the 

grading system but the grading scale is not only based on this information. As a matter of fact, 

to facilitate the exportation of this work in another context than the Chinese one, the different 

levels of points have been aligned with international guidelines, with the SDGs and WHO 

requirements for instance to. Utilizing this strategy is also proposing a version 2.0 of the Sponge 

City Concept without denying the original concept.  

https://www.zotero.org/google-docs/?vIrhMX
https://www.zotero.org/google-docs/?qo0yJg
https://www.zotero.org/google-docs/?JNjHAX
https://www.zotero.org/google-docs/?AGbMgq
https://www.zotero.org/google-docs/?pV8kBz
https://www.zotero.org/google-docs/?pV8kBz
https://www.zotero.org/google-docs/?cJJbNw
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6.3 Limitations 
It is important to identify the limitations of this work in order to evaluate if it could have a 

significant impact on the findings. This discussion on the limitations is also relevant to 

determine the potential improvements on similar work. 

The first limitation can be due to the systematic literature review conducted. To realize the 

analyses, the bibliography is combining scientific articles and gray literature, which is a good 

point, however, the scientific papers are limited to the documents found on the Web of Science. 

Moreover, even if some keyword combinations have been tested beforehand, the choice of these 

keywords is limiting the result of the searches. On the side of the gray literature, two points are 

important, the first one is the fact that the official documentation has been obtained after 

navigating through the MHURD’s website and testing keywords. Because the website is only 

available in Chinese, moving around even with the automatic translation was not always easy 

and it is possible that additional relevant documentation were available at other places. The 

second point concerned the methods to gather indexes on sustainable cities. Indeed, the searches 

tested different keywords but focused only on the 10 first results of each search, potentially 

limiting the outcomes.  

The second limitation identified concerned the possible lack of information regarding the 

“Where to get the data” section of the Analysis 3. Putting additional time to this thesis would 

allow deeper investigations and provide additional data. From this limitation is also linked the 

lack of precision for some indicators. With the desire to propose a catalog of indicators as much 

filled as possible, the “Where to get the data” section is giving links to data at a national scale 

when data at a city scale is preferable.  

Another limitation is the fact that none of the indicators has a “weight”, meaning even if some 

indicators could be considered as more important than others they are still worth the same for 

now. Only one index of the selected ones was presenting an example of an index with a weight 

associated with each indicator. In that sense, a dedicated methodology would have to be 

considered to define the importance of each indicator. The weight can also be adapted by the 

cities in order to fit with their local policy and what they want to achieve.  

Finally, in regards to the specificity of each city around the world, of different size, different 

culture, experiencing different challenges and different climate, the Sponge City Assessment 

Framework could show some limitations. Indeed, the desire to create a simplified framework 

adaptable to different places around the world can be seen as a weak point, not addressing 

specific challenges.  

Overall, as mentioned in the section 2.1 of this thesis, “Philosophy of science”, this work 

followed the principles of post-positivism, which means that the outcomes produced are based 

on empirical data, representing one reality. In the case of this thesis, the reality is based on the 

selected documents from the systematic literature review. This precision is important in order 

to claim that the results of this paper are not wrong or right but are representing one reality, 

some adjustments could be made over time to sharpen the assessment framework and its 

indicators. Ultimately, these limitations are the witnesses of what can and cannot be concluded 

from this thesis.  

6.4 Recommendations 
The objectives this thesis set up at the beginning of the project have been fulfilled. The idea 

was to provide a ready to use tool. The Sponge City Assessment Framework with the catalog 

of indicators as well as the wheel of components are providing a strong base. However, there is 

still room for improvement. Starting by providing a more accurate way of getting the data for 

each indicator, which requires deeper investigations. These tools can also become the basis for 

future works, adapted to specific regions or nations around the world.  
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Interviewing some experts of the field could also be considered to evaluate the strengths and 

weaknesses of this work which could lead to adjustments.  

As seen earlier, the Sponge City Concept is relatively new, and still in need to be investigated, 

notably the already existing projects. By having a look at case studies on Sponge Cities and 

case studies on other sustainable Urban Water Management like the WSUD or SUDs could lead 

to  interesting observations in order to spot the real differences on concrete projects after 

implementation. It could lead as well to a uniformed guidelines, taking the best from all these 

concepts and making the collaboration between nations and cities on sustainable Urban Water 

Management easier.  

In addition, it has not been highlighted in this thesis but the main drawback of the 

implementation are the financial aspects. And it is mostly due to the scale of the project, because 

the concept is taking the city as a whole, larger fundings is required (Nguyen et al. 2019). Some 

studies like the one from (Fan and Matsumoto 2020) are focusing on the financial aspects of 

the Sponge City, and conclude by saying that the concept is not only competitive from an 

economical point of view but from an environmental perspective as well. However, the current 

business model of the Chinese concept needs to be supported by almost 50% from private 

investors, and the high initial cost is holding back some of them (Nguyen et al. 2019). Hence, 

more research on the viability and the business model of Sponge Cities are needed, one 

possibility could be to look into the other side benefits it is bringing. The paper from the Indian 

banker Pavan Sukhdev and his colleagues is bringing to the fore the idea of putting a price on 

the value of Nature. By thinking differently, looking back at what nature is providing in many 

fields, and putting a value on the natural capital, investments having harmful effects on 

ecological systems could not be worth it anymore (Sukhdev, Wittmer, and Miller 2014). Sponge 

Cities which are promoting the use of green infrastructures and the use of native plants are 

enhancing the biodiversity and increasing the natural habitats. Making the parallel between the 

Chinese concept and the work from Sukhdev, Wittmer, and Miller (2014) could bring the 

another axis of research for the development of sponge cities. 

In conclusion, this thesis aimed at answering several objectives characterized by the sub 

questions. This thesis aimed as well at answering the core of this research paper, the main 

research question: “How can the Sponge City Assessment Framework be utilized to assess the 

effectiveness and impacts of various BGI interventions and strategies in cities?”., This study 

first introduced the importance of innovative solution to deal with urban storm water. The 

current conditions our cities are in and the projections for the future are calling for the use of 

holistic solutions tackling many challenges at once. Throughout the different analysis, this 

thesis shaped different tools, like the Sponge City Assessment Framework, the catalog of 

indicators and the Wheel of components. These tools are providing valuable materials to 

evaluate the effectiveness and impacts of the Sponge City Concept. The methodology of this 

paper allowed through a comprehensive and systematic approach, to provide a structured 

methodology for assessing the performance of cities in implementing sustainable urban water 

management practices. The findings of this research have theoretically demonstrated that a 

Sponge City is not only associated with its ability to absorb water but so much more than that.  

The Sponge City Assessment Framework, is also seen as a mean for cities to gain insights into 

the effectiveness of their BGI interventions, identify areas for improvement, and make informed 

decisions regarding future urban planning and development. In addition, by employing the 

Sponge City Assessment Framework, cities can enhance their capacity to address the challenges 

of urbanization and climate change, promoting sustainable and resilient urban development. 

This framework serves as a valuable resource for city planners, policymakers, and decision-

https://www.zotero.org/google-docs/?oDp52i
https://www.zotero.org/google-docs/?IWW4kX
https://www.zotero.org/google-docs/?tcM0ds
https://www.zotero.org/google-docs/?ljWA1F
https://www.zotero.org/google-docs/?b04Ham
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makers to evaluate the effectiveness of their existing BGI interventions, identify gaps and 

opportunities, and implement targeted strategies for sustainable water management. 

Overall, this research has demonstrated the importance of integrating nature-based solutions 

and sustainable water management practices in urban planning. The Sponge City Assessment 

Framework offers a practical and adaptable approach to assessing and improving the 

effectiveness of BGI interventions and strategies in cities. It provides tools towards the 

achievement of more resilient, sustainable, and livable urban environments, fostering harmony 

between human activities and the natural environment. Through its utilization, cities can move 

closer to their goals of becoming true sponge cities, capable of effectively managing water 

resources and mitigating the impacts of climate change. The concept as well as this thesis are 

participating in the race towards climate change and the achievement of the international 

guidelines like the Sustainable Development Goals for instance.  
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