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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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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) 
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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) 
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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 
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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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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 
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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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Figure 5: Literature search and selection process divided into several sections, each of them (6 in total) is representing a search 
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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 
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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 
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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). 
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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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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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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 
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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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SYSTEMS SUBSYSTEMS COMPONENTS TECHNICAL CLARIFICAT IONS 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 - - 
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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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