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ABSTRACT 

 

 

 

EXPLORING THE APPLICATION OF SPONGE CITY DESIGN TO DOWNTOWN 

GUELPH 
Junyi Johnny Zhang                                                                       Advisor:   
University of Guelph, 2017                                                             Professor Cecelia Paine  

 

 “Sponge City” is a concept already applied in many cities around the world. The aim of 

this new concept is to create a city that absorbs rainfall and releases rainwater when required – 

similar to a sponge. The goal of this research was to understand whether the concept can be 

effectively applied to medium-sized cities in Canada, with a particular focus on Guelph, 

Ontario.  

Design strategies were gleaned from precedent analyses of well-known stormwater 

management cases. Case studies were investigated, demonstrating three different applications 

of the Sponge City concept, including waterfront design, community planning, and urban 

rooftop garden design. Principles derived from the three case studies were applied through the 

conceptual design of part of a recent intensification proposal for Downtown Guelph, Ontario. 

Data, including site areas and annual precipitation, were collected through geographic 

information systems. A comparison of collected precipitation data and calculation of water 

absorption was used to verify the absorption ability of the proposed design.  

Results indicate the benefits and limitations of applying this concept. Redesign 

recommendations for Downtown Guelph are provided to assist landscape architects and urban 

planners interested in implementing the Sponge City stormwater management concept.  
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Chapter 1. Introduction  
 

 1.1 Background  

 

“Many a man curses the rain that falls upon his head and knows not that it brings 

abundance to drive away the hunger.”  

Saint Basil  

The rapid development of cities has made rainfall both beneficial and harmful. On the one 

hand, the development of urban areas has changed the condition of soil and climate of cities. 

Due to the hard surface of our cities, the pressure on urban sewage systems resulting from 

heavy precipitation has increased. On the other hand, rainfall has potentially significant value 

as a water resource. Taking advantage of rainfall is a possible method with which to solve the 

global water shortage that makes sense both from a scientific and a rational point of view. 

Further, it can improve the urban environment and maintain the ecological balance of urban 

water circulation systems (Wu, 2015).  

Based on an abundance of national and global urban planning research, preserving the 

natural water balance in rural areas as well cities has been agreed upon by most nations 

worldwide. Nevertheless, this principle has not fully been examined in urban areas. The 

primary reason is that authorities have typically given precedence to economic goals in urban 

planning instead of establishing and enforcing regulations for stormwater management and 

wastewater treatment (Geiger, 2015).   

In some cities, the traditional method of managing water runoff in an urban space is to lead 

water from cities directly through sewage systems. Recently, however, an increasing number 

of urban planners and governments have recognized the flaws of this approach (Geiger, 2015). 

Water, a valuable resource, is being thrown away; meanwhile, an enormous amount of money 

and effort is being spent on building and constructing drainage systems.   
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1.1.1 Sponge City  

A Sponge City is defined as a city that acts similar to a sponge and has a high adaptability 

to environmental changes and natural disasters (Wu, 2015). A Sponge City is capable of 

absorbing, storing, allowing permeation of, and cleansing rainwater, and releasing stored water 

for reuse when needed (Wu, 2015). Generally, a Sponge City makes use of Low-impact 

development (LID) strategies. The goal is to create a high-quality living environment and 

realize a balanced water circulation system through less expensive means (Merkelbach, She, 

Slaney & Yau, 2015).  

The concept of a Sponge City is macroscopic and abstract, and varying understandings 

may be present in different professional sectors. From a landscape architect’s standpoint, one 

of the major aims of a Sponge City involves treating rainwater as a resource and saving 

sufficient space for water conservation when developing urban areas. Depending on the terrain, 

urban design professionals are encouraged to keep and plan more wetlands, lakes, and parks. 

Moreover, urbanization should avoid flood areas as much as possible. By reducing flooding, 

the safety of water resources can be better ensured (Wu, 2015).  

Another major aim of Sponge City is to reduce surface runoff. If runoff can be reduced, 

non-point source pollution can be controlled. By managing runoff at the source, rainwater will 

infiltrate on site and contribute to groundwater recharge. Thus, according to Wu (2015), a 

Sponge City should be designed to achieve maximum stormwater infiltration.  

In practice, the concept of Sponge City may also contribute positively to problems 

associated with the ‘heat island’ effect. Specifically, due to the concentration of buildings, the 

urban surface is getting physically harder. At the same time, too few plants provide an 

insufficient amount of water evaporation into the air, affecting not only the comfort of the 

environment but also air quality (Barbaux, 2016). Stormwater and the heat island effect 

threaten the health of urban residents.  

Water, like air, is part of our natural heritage, and steps must be taken to preserve both 

natural resources. The concept of Sponge City was born from the need to preserve these basic 

necessities.      
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1.1.2 Low-Impact Development 

The construction and design of a Sponge City is realized through LID strategies. LID 

implies that developers and designers must minimize environmental impact through the 

process of design development and management. To achieve LID, urban designers and 

developers must respect water, surface soil, terrain, and vegetation. In summary, the core value 

of LID is to respect nature (Wu, 2015).  

LID can alternately be defined through better site design, sustainable drainage systems, 

water sensitive urban design, and stormwater source controls. All of these methods attempt to 

generate the pre-development hydrologic system through innovative site design and 

engineering techniques aimed at infiltrating, filtering, evaporating, harvesting, and reducing 

runoff while preventing pollution (Credit Valley Conservation, 2011).  

The main principles of LID design can be outlined as follows. Firstly, designers are 

encouraged to use existing natural systems as a guideline for planning. Attention must be paid 

to regional-level contexts to recognize and protect environmentally sensitive resources. 

Seeking to manage stormwater at the neighbourhood level is also an important aim (Credit 

Valley Conservation, 2011).   

Secondly, as mentioned, runoff prevention is a target of LID. The main methods involve 

minimizing impervious surface cover using permeable pavements on roads as well as adding 

rooftop gardens and integrating rainfall harvesting systems into building designs. Green space 

is an important method of facilitating rainwater infiltration on site; thus, existing trees should 

be preserved and landscapes designed to increase urban canopies (Credit Valley Conservation, 

2011).   

Thirdly, multi-functional landscapes should be created by integrating stormwater 

management facilities into other elements in order to maintain a developable area. This is 

achieved by creating facilities that provide filtration, peak flow attenuation, infiltration, and 

water conservancy benefits; designing landscapes to reduce runoff and the urban heat island 

effect; and enhancing site aesthetics (Credit Valley Conservation, 2011).   

Fourthly, with respect to education and maintenance, governments need to provide 

adequate training and funding for citizens to monitor and maintain stormwater management 

practices in public areas. Municipal departments should encourage property owners, managers, 

and consultants to monitor and maintain stormwater management practices on private property. 
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Ultimately, legal agreements should be established to ensure long-term operation and 

maintenance (Credit Valley Conservation, 2011).  

In a certain sense, the terms “Low-impact development” and “Sponge City” may be 

considered synonymous. In the narrowest sense, the intent of each is to transform rainwater 

into resources and reduce the impact of construction in the process of urbanization. However, 

the overarching idea is to provide an innovative guide for green infrastructure construction, 

leading to sustainable development of urban areas. 

1.2 Personal Motivation 

I am originally from China, a country with a severe water problem. Chinese authorities 

face issues of water storage, flooding, and water quality every year. Due to the fast pace of 

industrialization and urbanization and uncertain global weather problems, water problems have 

become a heated topic in China over the past decade. Issues include increasingly worse 

flooding and low exploitation of rainwater resources; over-exploitation of groundwater leading 

to a severe lack of urban water resources; acute contamination of city water bodies; shrinking 

rivers, lakes, and wetlands; and increased water and soil erosion (Embassy of the Kingdom of 

the Netherlands, 2016).  

The main cause of urban rainwater flooding and scarcity is the overuse of concrete and 

asphalt in the construction of the development of cities; as such, insufficient space remains for 

woodland, green space, natural lakes, and wetlands. In essence, the natural water recycling 

system is disrupted through the loss of natural rainwater-detaining infrastructure. As a result, 

rainwater can only be drained and discharged as wastewater rather than being reused or 

supplementing groundwater. The drainage systems of many cities are out of date and function 

inadequately; for example, in Beijing, construction of the drainage network did not keep pace 

with the city’s expansion, which has witnessed a two-fold expansion in the past decade 

(Embassy of the Kingdom of the Netherlands, 2016).  

 To address these problems, the Sponge City concept was put forward by the Government 

of China at the end of 2013. Sponge Cities will not only be able to deal with flooding issues, 

but will also reuse rainwater to help with periods of extreme water shortage. This 

transformation will reduce economic losses due to urban flooding. In the meantime, it will also 
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create investment opportunities in infrastructure upgrading, engineering products, and new 

technologies (Embassy of the Kingdom of the Netherlands, 2016).  

The Sponge City pilot project began at the end of 2014. The Government of China 

estimated that 70% of rainwater would be absorbed and reused by taking steps to reform the 

permeation, detention, storage, purification, drainage, saving, and reuse of water. This goal is 

to establish the Sponge City concept in 20% of city areas by 2020 and 80% of city areas by 

2030.  

 

The City of Shanghai was appointed as a Sponge City pilot location in 2016 (Table 1.1). 

A number of detailed design and planning projects are currently underway or have already been 

completed, such as Shanghai Houtan Park and the Shanghai Museum of Natural History’s 

green roof. As a future landscape architect who was born in Shanghai and lived there for over 

two decades, I am proud of the development of my hometown. At the same time, I hope this 

study will serve as a catalyst to increase awareness of this new stormwater management 

strategy and its potential benefits in Canada. 

 

CITY Province Chinese Name 

BEIJING Beijing 北京 

DALIAN Liao Ning 大连，辽宁 

GU YUAN Ning Xia 固原，宁夏 

QING YANG Gan Su 庆阳，甘肃 

QINGDAO Shan Dong 青岛，山东 

XI NING Qing Hai 西宁，青海 

YU XI Yun Nan 玉溪，云南 

TIAN JING Tian Jing 天津 

NINGBO Zhe Jiang 宁波，浙江 

SHANGHAI Shanghai 上海 

FUZHOU Fu Jian 福州，福建 

SAN YA Hai Nan 三亚，海南 

SHEN ZHEN Guang Dong 深圳，广东 

ZHU HAI Guang Dong 珠海，广东 

Table 1.1: List of Pilot Sponge Cities in China as of 2016 

Source: Embassy of the Kingdom of the Netherlands, 2016 
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file:///D:/æ��é��/Dict/6.3.69.8341/resultui/frame/javascript:void(0);
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1.3 Research Questions 

The benefits of the Sponge City concept appear to be numerous and lead to the following 

research questions for this thesis:  

 What are environmentally sensitive methods being used internationally to manage water 

effectively in urban areas? 

 Are these methods likely to be effective when applied to smaller cities?   

 What are the challenges of creating a Sponge City in Downtown Guelph, Ontario?   

 

 1.4 Goal and Objectives  

The aims of this thesis were to explore the concept of Sponge City and to examine whether 

it could be effectively applied to an area of Downtown Guelph, Ontario. The following 

objectives align with the goal and research questions of this thesis: 

 Conduct a literature review that explores the concept of Sponge City to develop a better 

understanding of the subject;  

 Identify and use case study examples to formulate principles that can be applied to a real 

site.  

 Create a conceptual Sponge City plan for a section of the City of Guelph to test the 

guidelines.  

 Analyze the effectiveness of the conceptual plan. 

 Provide recommendations to be explored in future research.  

 

1.5 Research Methods 

The research methods of this thesis were designed based on the need to achieve the 

research goal and objectives. As shown in Figure 1.1, the foundation of this thesis consists of 

three parts. First, a study of Downtown Guelph was conducted to identify flooding issues. The 

literature review section includes four aspects: a literature review of the Secondary Plan of 

Downtown Guelph, case studies of LID, the concept of Sponge City, and traditional stormwater 

management approaches. A design guideline of Sponge City was generated by the literature 
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review and case studies. The next step was an analysis of the details and inventories of the 

Secondary Plan of Downtown Guelph. From this, appropriate principles of Sponge City that 

could be applied to the site were identified. In the Discussion section, a comparison is made 

between existing precipitation data and a calculation of the water absorption capacity of the 

new plan, to demonstrate the practicality of the proposed design concept. The research 

concludes with limitations and recommendations for future study. 

 

 

Figure 1.1: Thesis research structure 
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 1.6 Thesis Overview 

The thesis is presented in seven chapters. Chapter 1 (the current chapter) began with 

background information on the concept of Sponge City and low-impact development and 

continued with describing the research goal, questions, objectives, and research process. 

Chapter 2 focuses on case studies that demonstrate the historical concept of Sponge City, 

waterfront design, community design and rooftop gardens. Through these studies, four design 

principles of Sponge City are identified in Chapter 3. In Chapter 4, the site background and 

Secondary Plan of Downtown Guelph are presented. This chapter also includes the current 

conditions of the site and the existing redesign plan proposed by the City of Guelph. The 

chapter concludes with a conceptual diagram. Chapter 5 presents the analysis and application 

of four design principles of the site, which are related to the principles summarized in Chapter 

3. Chapter 6 shows details of the design, which include the master plan and its sections. Finally, 

Chapter 7 presents precipitation data for the site and calculation of the water absorption 

percentages for the proposed design. Design recommendations and limitations conclude the 

thesis. 
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Chapter 2. Case Studies  

This chapter focuses on the historical concept of Sponge City and three case studies. The 

historical case explains the concept of Sponge City as applied in early human civilization and 

provides typical methods for stormwater management during that time. The following three 

contemporary case studies are then discussed: waterfront design, water-friendly community 

design, and roof garden design.   

2.1 Criteria for Case Studies  

Based on the literature review of Sponge City and LID, case studies were chosen as 

examples offering creative ideas related to stormwater management methods. The cases 

examined are situated in different cities and different continents, providing the basis for the 

principles of design of a Sponge City identified in the next chapter. Each selected case study is 

well known and illustrates a unique model related to harvesting rainwater and treating it as a 

resource. The first two examples are located beside rivers, one of which, Shanghai Houtan Park, 

is one of the most successful examples of waterfront and flood control designs in Shanghai. 

Landscape architect Kongjian Yu, the initiator of the concept of Sponge City in China, was the 

designer of this waterfront park in Shanghai (Saunders, 2012). Bottière Chenaie Eco-

Neighbourhood is a case illustrating the methods of planning a water-friendly community, and 

also illustrates the utilization of biorention and green infrastructure. Chicago City Hall Rooftop 

Garden is a well-known rooftop garden in the USA and also provides examples of how planting 

can be accommodated on three different types of roof structures. The Chicago case study was 

also the winner of an American Society of Landscape Architecture ‘Merit Award’ in 2002 

(Sipes, 2010). 

2.2 Historical Concept of Sponge City   

  Early urban civilizations utilized a variety of rainwater management concepts; this is 

particularly the case in the arid Euphrates, the Tigris, and the Indus Valley cities. Today, these 

ideas align well with contemporary design ideas and standards of LID and Sponge City design 

(Geiger, 2015). 
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The ideas of rainwater collection were also applied in later Mediterranean civilizations. 

About 2000 years ago, Roman families collected rainwater from their sloped roofs (Fig. 2.1). 

This idea is similar to current rooftop garden design concepts. These civilizations also elevated 

flat rocks on city roads to facilitate movement of people and carriages so that runoff due to 

torrential rains could be reduced (Fig. 2.2). 

 

Heze, an ancient Chinese city located in the province of Shandong, is another example of 

an ancient Sponge City. Heze originally had 72 ponds that took up about 30% of the city area. 

These ponds played a significant role in controlling floods, regulating climate, and recharging 

aquifers. Unfortunately, due to city development, Heze’s water bodies were cut in half by the 

year 2000, and now only make up 16.2% of the city (Fig. 2.3) (Geiger, 2015). 

 

 

Figure 2.1: Roof water collection by Roman families 

Image source: http://andrewmalone.blogspot.ca/2016/08/the-roman-domus-as-caribbean-urban.html 

 

http://andrewmalone.blogspot.ca/2016/08/the-roman-domus-as-caribbean-urban.html
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Figure 2.2: Ancient Roman roads with raised rocks 

Image source: https://www.penn.museum/sites/expedition/the-embattled-driver-in-ancient-rome/ 

 

 

Figure 2.3: Water bodies in the city of Heze, China 

Image source: http://www.skyscrapercity.com/showthread.php?t=1626402 

 

Although some might argue that ancient LID and Sponge City concepts are not 

applicable to current dense and grey urban areas, I disagree. Instead, I argue that the key is to 

combine these principles with current technologies such as rooftop gardens with rainwater 

collection and reuse; permeable pavement with infiltration; and bio-swales with detention and 

retention. 

 

https://www.penn.museum/sites/expedition/the-embattled-driver-in-ancient-rome/
http://www.skyscrapercity.com/showthread.php?t=1626402
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2.3 Case Study #1: Houtan Park, Shanghai, China  

Houtan Park is built on a brownfield of a riverbank in Shanghai and can be identified as a 

regenerative living landscape. The site is a narrow, 14-hectare (34.6-acre) band situated along 

the Huangpu River. The site was previously used as a steel mill and ship-repair shop; after the 

factories shut down, the industrial brownfield was primarily used as a garbage dump and 

industrial material storage space. Before its redesign, few industrial structures remained at the 

site (Fig. 2.4). Houtan Park was redesigned with the aim of ensuring that the 2010 Shanghai 

World Expo held on the site would be an unforgettable event that used green, ecological 

technology. The park was designed to accommodate a large number of tourists during the 

Exposition, to provide a unique spatial experience, and to transition into a permanent public 

waterfront park afterward (Saunders, 2012).  

The first design challenge was restoring the degenerated environment. Both the park’s land 

surface and underground were filled with industrial and construction waste. The water near the 

riverbank was highly contaminated, with a national water quality ranking of Lower Grade V 

(the lowest on an I–V scale) (Saunders, 2012). The water was unsafe for swimming or 

recreational purposes and lacked aquatic organisms. The second challenge was improving flood 

control capabilities. On the southeast shore of the site, there was originally a 6.7-m-high flood 

wall used to control flooding. However, 2.1 m daily tidal waves made the coast too muddy for 

the public to approach. Since conventional concrete revetment would not benefit ecological 

reconstruction along the waterfront, a different flood control scheme was needed. The final 

challenge was the shape of the site itself. The park is situated between the Huangpu River and 

the city highway and is 1.7 km long, but ranges from 30 to 80 m in width in various locations 

(Fig. 2.5) (Saunders, 2012). 
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Figure 2.4: Previous condition of Houtan Park in 2007 

Image source: https://landscapeperformance.org/case-study-briefs/shanghai-houtan-park 
 

 
Figure 2.5: Aerial and site photos of the previous condition of Houtan Park in 2007 

Image source: http://www.descroll.com/design/shanghai-houtan-park-by-turenscape 

 

The regeneration design strategy was to convert the area into a living system that would 

provide comprehensive ecosystem benefits, including food production, flood regulation, and 

water purification and that would provide a variety of natural habitats. Kongjian Yu, principal 

https://landscapeperformance.org/case-study-briefs/shanghai-houtan-park
http://www.descroll.com/design/shanghai-houtan-park-by-turenscape
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designer of the project, suggested creating a series of ecological landscape designs along the 

waterfront, including an artificial wetland 5 to 30 m wide (Fig. 2.6). The objective was to purify 

the polluted water of the Huangpu River. Cascades and terraces were used to oxygenate the 

nutrient-rich water, retain nutrients, and reduce suspended sediments while creating healthy 

water features. Various types of wetland plants were chosen with the intention of absorbing 

various contaminants from the water. Field testing indicated that 2,400 m3 of water per diem 

could be purified, bringing the quality from Lower Grade V to Grade III (Saunders, 2012) (Fig. 

2.7). The purified water could then be used safely during Expo 2010 for non-potable uses, and 

save $500,000 US annually compared to usual water treatment methods (Saunders, 2012). 

 

 

Figure 2.6: Master plan of Houtan Park and image of primary spaces 

Image source: http://keywordsuggest.org/gallery/35986.html 

http://keywordsuggest.org/gallery/35986.html
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Figure 2.7: Water-cleaning mechanism of artificial wetland 

Image source: https://www.asla.org/2010awards/006.html 

 

The artificial wetland acts a flood buffer, alleviating the impact of flooding. The winding 

valley not only gave Expo visitors a beautiful spatial experience and space for relaxation but 

also provides opportunities for modern science education and research. The design of the 

wetland terraces also took into consideration the difference in elevation between the city and 

the river; for safety reasons, the distance between pedestrians and the water’s edge was 

decreased (Fig. 2.8). The existing concrete flood control walls were replaced by ecological 

friendly riprap (loose stone used to form the foundation for a breakwater), which enables native 

species to grow along the riverbank and protects the coast from erosion (Saunders, 2012). 

https://www.asla.org/2010awards/006.html
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Figure 2.8: Linear wetland with terraces covered by a variety of native grasses and wetland plants 

Image source: https://www.asla.org/2010awards/006.html 

 

Inspired by Chinese agricultural landscape, designers created terraced fields to reduce the 

3 to 5-m elevation difference between the river’s edge and nearby highways and to slow down 

the speed of runoff directed toward the river. These terraces are reminiscent of Shanghai's 

agricultural heritage prior to its industrial development in the mid-20th century. Crops and 

wetland vegetation were chosen to produce an urban farming site, allowing citizens to 

experience seasonal changes: golden blossoms in the spring, brilliant sunflowers in the summer, 

the fragrance of ripened rice in the fall, and green clover in the winter (Fig. 2.9). It also provides 

an opportunity for visitors to learn about the city’s agriculture and farming (Saunders, 2012). 

 

https://www.asla.org/2010awards/006.html
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Figure 2.9: Crops such as sunflowers and rice are grown to make the landscape productive and 

educational 

Image source: http://www.designboom.com/architecture/turenscape-shanghai-houtan-park-best-landscape-project-at-waf-

2010/ 

 

Terraces enrich the landscape by creating spaces that encourage visitors to enter the living 

system through the field’s corridors and experience the agricultural landscape and wetlands. 

The pathways, like the capillaries of a sponge, absorb and lead visitors through the park 

(Saunders, 2012). 

 

2.4 Case Study #2: Bottière Chenaie Eco-Neighbourhood, Nantes, France  

Bottière Chenaie Eco-Neighbourhood faces southeast and northwest, linking the old 

neighbourhoods of Doulon and Bottière, and the urban park is adjacent to a new mall (Fig. 

2.10). The urban park goes hand in hand with and balances the new high-density development, 

incorporating mainly regional vegetation that contributes to the expression of harvesting nature. 

The rationale for uncovering Gohards Brook was to express the memory of this place, in 

particular its geographical features. Gohards Brook in the urban park has become the centre of 

the neighbourhood and the most popular recreation spot for residents. It is also the collection 

http://www.designboom.com/architecture/turenscape-shanghai-houtan-park-best-landscape-project-at-waf-2010/
http://www.designboom.com/architecture/turenscape-shanghai-houtan-park-best-landscape-project-at-waf-2010/
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point for the new neighborhood’s rainwater, via channels and canals. There are numerous traces 

of people’s understanding of the site in the past. Among them, several reservoirs remain that 

stocked rainwater for watering and are linked to the identity of the place. In addition to 

preserving and restoring some of them, the site designer plans to use wind energy to revitalize 

the supply of water for future garden allotments and the park (Barbaux, 2016). 

The stream located in this neighbourhood enhances people’s sense of orientation within 

the neighbourhood and creates a strong feature that is associated with the identity of the site. 

Residents walk along the stream, connected to urban paths, and wade into the water (Fig. 2.11) 

to experience the fun brought by the new, natural, ecological landscape (Barbaux, 2016). 

 

Figure 2.10: Master plan of the Bottière Chenaie Eco-Neighbourhood 

Image source: http://www.landezine.com/index.php/2012/09/bottiere-chenaie-eco-district-by-atelier-des-paysages-bruel-

delmar/48-masterplan/ 

 

  

http://www.landezine.com/index.php/2012/09/bottiere-chenaie-eco-district-by-atelier-des-paysages-bruel-delmar/48-masterplan/
http://www.landezine.com/index.php/2012/09/bottiere-chenaie-eco-district-by-atelier-des-paysages-bruel-delmar/48-masterplan/
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Figure 2.11: Children playing in the main stream of the Bottière Chenaie Eco-Neighbourhood 

Image source: http://www.landezine.com/index.php/2012/09/bottiere-chenaie-eco-district-by-atelier-des-paysages-bruel-

delmar/17-a-party-into-the-parc/ 

 

Water features are not only expressed in the community by means of the park and the 

stream but also in the highly dense areas of the site. This publicly shared space demonstrates 

the compatibility between city density and nature, as urban rainwater is collected through the 

newly excavated trenches located within neighbourhoods (Fig. 2.12).  

http://www.landezine.com/index.php/2012/09/bottiere-chenaie-eco-district-by-atelier-des-paysages-bruel-delmar/17-a-party-into-the-parc/
http://www.landezine.com/index.php/2012/09/bottiere-chenaie-eco-district-by-atelier-des-paysages-bruel-delmar/17-a-party-into-the-parc/
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Figure 2.12: Newly excavated trenches in the urban space 

Image source: http://www.landezine.com/index.php/2012/09/bottiere-chenaie-eco-district-by-atelier-des-paysages-bruel-

delmar/47-pedestrian-alley-of-the-secherie-neighbourhood/ 

 

 

Several elements of the Sponge City concept are found within this site. For example, 

numerous irrigation reservoir tanks connect to water wells and strengthen the typical 

http://www.landezine.com/index.php/2012/09/bottiere-chenaie-eco-district-by-atelier-des-paysages-bruel-delmar/47-pedestrian-alley-of-the-secherie-neighbourhood/
http://www.landezine.com/index.php/2012/09/bottiere-chenaie-eco-district-by-atelier-des-paysages-bruel-delmar/47-pedestrian-alley-of-the-secherie-neighbourhood/
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characteristics of rainwater collecting on the site. In addition to saving and restoring some of 

the pools’ absorption functions, these tanks also use rainwater collection to provide water for 

the shared community garden. A central plaza is particularly noteworthy in terms of rainwater 

utilization (Fig. 2.13). Not only does it collect and reduce the runoff of city rainwater, but also 

acts as a water feature (Barbaux, 2016). 

 

 

Figure 2.13: A water feature in the central plaza. 

Image source: http://www.landezine.com/index.php/2012/09/bottiere-chenaie-eco-district-by-atelier-des-paysages-bruel-

delmar/44-the-foot-bath-and-the-rain-water-orientate-the-place/ 

 

 

2.5 Case Study #3: Chicago City Hall Rooftop Garden, Chicago, USA  

The most famous rooftop garden in the city of Chicago is situated on top of City Hall, an 

11-storey office building in The Loop (the city’s central business district) (Fig. 2.14). The City 

Hall rooftop garden was designed as a pilot project (Fig. 2.15), and the first vegetation was 

planted in the year 2000. This garden plays a significant role in improving air quality, 

conserving energy, lessening the urban heat island effect and especially reducing stormwater 

runoff (Sipes, 2010). The plants in the garden can absorb heat, offer shade, and cool the air via 

http://www.landezine.com/index.php/2012/09/bottiere-chenaie-eco-district-by-atelier-des-paysages-bruel-delmar/44-the-foot-bath-and-the-rain-water-orientate-the-place/
http://www.landezine.com/index.php/2012/09/bottiere-chenaie-eco-district-by-atelier-des-paysages-bruel-delmar/44-the-foot-bath-and-the-rain-water-orientate-the-place/
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the secretion of water via pores in their leaves. Plants also purify the air by absorbing carbon 

dioxide and producing oxygen (Sipes, 2010). 

 

Figure 2.14: Master plan of the Chicago City Hall rooftop garden 

Image source: 

https://www.researchgate.net/publication/258310906_The_Chicago_City_Hall_Green_Roof_Pilot_Project_A_Case_Study 

 

 

Figure 2.15: Aerial photo of Chicago City Hall rooftop garden 

Image source: http://www.greenrooftechnology.com/ 

https://www.researchgate.net/publication/258310906_The_Chicago_City_Hall_Green_Roof_Pilot_Project_A_Case_Study
http://www.greenrooftechnology.com/
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Chicago’s City Hall rooftop garden is comprised of different sections containing soil 

depths of 100, 150, or 450 mm. These soils were developed from mixtures similar to those used 

in Germany over the last several decades. Under the soil, a 300 to 600 mm-waterproofing layer 

provides structural support for weights of up to 42 tonnes/m2 (Dvorak & Volder, 2010). The 

rooftop contains various plant species, including over 20,000 grass varieties, 100 types of 

woody shrubs, 40 types of vines, and two tree varieties (Cockspur Hawthorn and Prairie 

Crabapple). These plants were selected for their ability to thrive in the roof’s conditions, 

including sun exposure, wind, and arid conditions. Most of the plants are native to the Chicago 

region (Fig. 2.16) (Sipes, 2010). 

 

Figure 2.16: Vegetation on the Chicago City Hall rooftop garden. 

Image source: http://www.greenroofs.com/projects/pview.php?id=21 

 

Another beneficial aspect of the Chicago City Hall rooftop garden is its ability to collect 

rainwater at a rate of about 75%. Impressively, it can also reduce the surrounding air 

temperature by about 5° when the actual roof temperature reaches 20°C. As such; this rooftop 

garden contributes approximately $5,000 US annually in energy savings (Sipes, 2010). The 

http://www.greenroofs.com/projects/pview.php?id=21
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Chicago City Hall rooftop garden serves as an excellent example of a green roof, not only in 

Chicago but internationally. 

2.6 Summary of the Case Studies  

These three cases demonstrate the range of multi-functional approaches being used in 

different parts of the world and the success of each strategy at managing water as a resource 

while improving the environment. The integration of the design methods of these three cases 

is an example of the LID methods advocated by Sponge City. 
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Chapter 3. Principles and Approach 

This chapter summarizes the information gathered from an exploration of the literature 

and Sponge City case studies. In total, four principles comprised of seven design strategies 

are presented. 

 

3.1 General Principles and Design Strategies for Sponge City  

General principles are highlighted to serve as guidelines for the application of Sponge City.  

These principles can also be regarded as steps in the design process. At the same time, design 

strategies are the methods with which to realize the summarized principles, like examples of a 

theory. 

 The overarching principle of Sponge City is to treat rainwater as a resource, with the aim 

of raising public awareness of the potential ability to reuse rainwater and respecting the Earth’s 

natural hydrology. In addition, we should focus on the ecological control of runoff and collected 

water. Thus, the second principle is that of ecological management of water, with a particular 

focus on water self-purification systems and ecological waterfront bulkhead design. Green 

infrastructure is the primary LID method used to apply the Sponge City concept. The third 

principle relates to the practical application of vegetated infrastructure, which includes rooftop 

gardens and bioretention. Finally, looking at the big picture from a city level, two main design 

strategies include the application of permeable pavement and a perforated pipe system, which 

relate to the fourth principle of urban infrastructure.  

3.1.1 Principle #1: Resourcing Rainwater  

The traditional pattern of land development results in a significant reduction in the ability for 

urban water drainage. The increase of urban impervious surfaces changes the confluence 

process of rainfall in cities. Due to increased surface runoff and peak flow, cities are facing an 

acute threat of waterlogging. On the other hand, shortage of water resources and water pollution 

have become environmental barriers to urban sustainable development (Wu, 2015). 
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3.1.1.1 Hydrological Analysis  

Due to different degrees and methods of development, the impact of rainfall on woodlands, 

rural areas, towns, and cities is different. As shown in Table 3.1, woodland areas have the lowest 

proportion of runoff but the most groundwater. This not only helps people avoid flooding 

disasters but also provides a sufficient water source to sustain human life and production. 
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Table 3.1: The distribution of water resources in woodlands, rural areas, towns, and cities for the same 

rainfall.  

Reprinted from Sponge City Design: Concept, Technology & Case Study (1st ed.). (p. 94), by Wu, 2015, 

Jiangsu: Phoenix Science Press 

 

Generally, prior to land development, rainfall is captured first by plants and then falls to 

the ground to be absorbed by the soil, becoming groundwater. At the same time, soil 

infiltration supplies groundwater. With an increase of rainfall, the soil’s capacity to hold 

water reaches saturation and rainfall gathers on the ground and becomes runoff. Finally, the 

surface water moves into rivers and creates a flood when river flow reaches its maximum 

(Wu, 2015). 

 

Sponge City aims to maintain an area’s hydrological characteristics pre- and post-

development. These include surface runoff and flow time, discharge, speed, size, and peak time. 

At the same time, through the connection between the urban drainage network and the 

surrounding water system, it aims to protect cities from flooding and to improve the storage 

capacity of urban water resources (Wu, 2015). 

 

10%
24%

40%
55%40%

38%

35%

30%
25%

20%

15%
10%25% 18%

10% 5%

W O O D L A N D R U R A L  A R E A T O W N S C I T I E S

T H E  D I S T R I B U T I O N  O F  W A T ER  R ES O U R C ES  I N  W O O D L A N D S ,  
R U R A L  A R EA S ,  T O W N S ,  A N D  C I T I ES  F O R  T H E  S A M E R A I N F A L L

Surface Runoff Evaporation Shallow Groundwater Deep Groundwater



 

 28 

3.1.1.2 Wetland Design  

Wetlands can be divided into two categories: natural and artificial. A natural wetland can 

be further divided into swamp, river, and coastal wetlands (Wu, 2015). The development of a 

Sponge City can make full use of the environmental value of wetlands, which includes 

regulating climate, preventing floods, and purifying water. The design of wetlands must 

therefore follow the priority principle of protection. By moderating artificial intervention, 

repair, and use, we can build a stable wetland ecosystem. Moreover, we need to consider 

aesthetics when designing a wetland to ensure the landscape provides opportunities for 

entertainment and leisure. 

3.1.2 Principle #2: Ecological Water Management 

 Ecological management of water should ensure the mobility, flow and quality of a water 

system. The overarching goal is to restore the ecological environment of a water system after 

land development. In the process of designing a Sponge City, we can take advantage of water’s 

ability to self-purify and apply appropriate waterfront design to purify water quality and create 

an attractive, healthy river landscape. 

3.1.2.1 Water Self-Purification System  

 Normally, both natural and artificial bodies of water located in urban areas face the same 

issues of poor water quality and quantity, often resulting in eutrophication. The design of a 

Sponge City includes high water quality as one of its main goals. Therefore, the construction 

of water self-purification systems represents an important method of ecological restoration. 

There are three types of water self-purification systems: physical, chemical, and biological. 

Compared with the other two methods, biological purification is the most eco-friendly and 

efficient (Wu, 2015). Through the metabolism of the water’s biotic population, pollutants can 

be efficiently decomposed, and the contaminant concentration can be reduced. In actual 

practice, we need to pay attention to four main factors that can affect water self-purification: 

(1) hydrodynamic force, which mainly affects water’s dissolved oxygen content and moves 

and mixes pollutants; (2) soil, which can remove pollutants via absorption, sedimentation, and 
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filtration; (3) plants, which can directly absorb nitrogen, phosphorus, and other heavy metal 

pollutants; and (4) microorganisms, an important factor in contaminant degradation (Wu, 2015). 

3.1.2.2 Ecological Waterfront Design  

Waterfronts represent the connection between land and a body of water and consist of both 

aquatic and terrestrial features. In the design of a Sponge City, creating both natural and 

artificial ecological waterfronts is advantageous in terms of protecting riverbanks from rain 

erosion and building river water self-purification systems (Wu, 2015). Revetment refers to 

sloping structures on banks or cliffs to absorb the energy of incoming water (Wu, 2015). 

Vegetative revetment combined with hard revetment design elements is the primary strategy 

applied in waterfront design.  

Plant stems and root systems can be used to steady revetment structures and reduce surface 

runoff (Fig. 3.2). This method can reduce the cost of revetment to one-third that of hard 

revetment. It can also increase water’s ability to self-purify and generate a complete biological 

environment in the waterfront area (Wu, 2015). 

 

Figure 3.1: A vegetation revetment 

Image source: http://ccrm.vims.edu/livingshorelines/design_options/marsh_toe_revetment.html 

 

http://ccrm.vims.edu/livingshorelines/design_options/marsh_toe_revetment.html
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Traditional hard revetment designs are in contrast to the principle of ecological waterfront 

design. Materials such as concrete, mortar, and stone act as barriers to the environmental 

connection between water and land. Therefore, concrete block revetment systems represent an 

improved alternative to traditional concrete revetments (Fig. 3.2) (Wu, 2015). This method 

involves planting vegetation in the spaces within each concrete block, which is not only useful 

for the development of an ecological environment, but also robust enough to prevent riverbed 

erosion. 

 

Figure 3.1: An example of the concrete block revetment system. 

Image source: http://www.externalworksindex.co.uk/entry/124589/Ruthin-Precast-Concrete/Armorflex-concrete-block-

revetment-system/ 

 

3.1.3 Principle #3: Green Infrastructure  

As discussed previously, urban development causes a series of environmental issues, such 

as haze, water pollution, soil pollution, and the urban heat island effect. The principles of green 

http://www.externalworksindex.co.uk/entry/124589/Ruthin-Precast-Concrete/Armorflex-concrete-block-revetment-system/
http://www.externalworksindex.co.uk/entry/124589/Ruthin-Precast-Concrete/Armorflex-concrete-block-revetment-system/
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infrastructure promote the idea of environmental protection and sustainable development. The 

core concept involves making full use of green infrastructure to purify, restore, adjust, and 

reuse rainfall. The principles of green infrastructure can be widely utilized in many aspects of 

urban development and redevelopment. 

3.1.3.1 Green Roofs  

Water is the primary resource provided by the runoff of a building. Managing rain that falls 

upon roofs in a scientific and efficient manner can dramatically reduce urban runoff (Wu, 2015). 

Green roofs are part of the concept of Sponge City, and also a significant method of LID 

development.  

 

A green roof is also known as a “living roof” or a “rooftop garden.” It consists of a layer 

of vegetation with a growing medium installed on the top of a flat or sloped roof. According to 

the depth of plants’ roots and complexity, green roofs can be classified as either intensive or 

extensive. Intensive green roofs contain a 15 to 60-cm-deep growing medium and can be 

planted with deeply-rooted plants. The one disadvantage is that the support structure for an 

intensive green roof requires greater load-bearing capacity, increasing the overall cost and 

design complexity. Extensive green roofs have just a thin, 15-cm layer of growing medium, 

with a herbaceous vegetative cover (Wu, 2015). 

 

In terms of managing water resources, green roofs are excellent for their water quality, 

water balance, and peak flow control benefits. Green roofs are similar to lawns in that the 

growing medium stores rainwater. At peak absorption, excess rainfall enters underdrains and 

overflow points, which are connected with the building’s drainage system. After a storm, most 

of the restored rainwater is absorbed by the plants and the remainder evaporates and drains 

away (Credit Valley Conservation, 2011). 

 

3.1.3.2 Bioretention  

The process of bioretention allows for the temporary storage, treatment, and infiltration of 

runoff. Based on the native soil infiltration rate, we can design a bioretention basin without an 

underdrain for full infiltration or with an underdrain for partial infiltration. A biofilter with an 
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impermeable liner and an underdrain for filtration is another option. A key element of a 

bioretention basin is the filter bed, which is a mixture of sand, crusher fines, and organic 

material. Other key components of bioretention basins include a mulch ground cover and native 

vegetation adapted to conditions of high moisture and wetness. Bioretention basins are 

designed to capture and store a small quantity of rainwater. Bioretention is a necessary aspect 

of green infrastructure in the design of a Sponge City (Credit Valley Conservation, 2011). 

Finally, bioretention can be applied to various development contexts and to accommodate snow 

storage and treatment. Its application in a low-density population area might include soft edges 

and gentle slopes, while application in a high-density area might include a hard edge with 

vertical sides (Wu, 2015). 

3.1.4 Principle #4: Urban Infrastructure  

For many people, urban infrastructure invokes the idea of a large area of grey concrete, or 

perhaps manholes covered by leaves or waste. However, the Sponge City concept aims to 

redesign this type of common urban infrastructure. The use of permeable pavement and 

perforated pipe systems are widely applied in the urban areas of a Sponge City.  

3.1.4.1 Permeable Pavement  

Rainwater can drain through permeable pavement into a stone reservoir where it is 

infiltrated into the underlying native soil or temporarily detained. Permeable pavement can be 

applied to low traffic roads, parking lots, driveways, pedestrian plazas, and walkways, and is 

ideal for sites with limited available space.  

Depending on native soils and physical constraints, permeable pavement may be applied 

with no underdrain for full infiltration, with an underdrain for partial infiltration, or with an 

impermeable liner and underdrain for no infiltration/detention and filtration only. Permeable 

paving allows for filtration, storage, or infiltration of runoff, and can reduce (or exclude) 

surface runoff compared to traditional impervious pavement surfaces such as concrete and 

asphalt (Credit Valley Conservation, 2011). 
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Chapter 4. Site Background  

This chapter introduces background information regarding the history and context of 

Guelph, Ontario and the aims of development of the downtown area and the Secondary Plan 

of Downtown Guelph (Urban Strategies Inc., 2016). Application of the concept of Sponge City 

through a new design for Downtown Guelph is described at the end of the chapter. 
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4.1 Site Context 

The City of Guelph was designed by the famous Scottish novelist John Galt in 1827. Galt’s 

design plan involved the crossing of various streets at a central focal point at the Speed River 

in order to create a European-style city. He added big squares, widened the main roads and 

enriched secondary side streets to present a variety of block sizes and landscapes. He also chose 

a surname of the British royal family, “Guelph,” as the city’s name (City of Guelph, March 

2017). 

The City of Guelph was founded in 1827 and has since thrived, with a steady rate of 

population growth throughout most of its history. In the mid-20th century, Downtown Guelph 

became the central commercial area in the city. However, due to the trend of building shopping 

centres to accommodate personal automobile use, Stone Road Mall took on Downtown 

Guelph’s role as a commercial gathering centre in 1975 (City of Guelph, 2013). 

After decades of floundering economic growth, Downtown Guelph has experienced 

renewed activity and investment. In spite of many challenges, Downtown Guelph is thriving 

in many respects, with a diversity of commercial offerings, an active arts and cultural 

community, and civic amenities (City of Guelph, 2013). 

4.2 Current Status of Downtown Guelph 

The City of Guelph is a typical medium-sized Canadian city located in the County of 

Wellington, about 80 km west of Toronto. In 2005, the Places to Grow Act identified the City 

of Guelph as an Urban Growth Node (City of Guelph, 2013). The City aims to achieve a 

residential and employment target of 150 citizens or jobs per hectare by 2031. Downtown 

Guelph is a top priority in achieving this anticipated growth (City of Guelph, 2013). 
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4.3 The Downtown Guelph Secondary Plan, 2006–2012 (Urban Strategies 

Inc.)  

Based on the core value of sustainable growth and the aim of revitalizing Downtown 

Guelph, the City of Guelph hired Urban Strategies Inc. to create a city-wide Urban Design 

Action Plan. The plan, approved by City Council in 2016 as a Secondary Plan, focuses on 

“Areas for Change,” and includes landscape nodes, transit corridors, and greenfield areas. It 

also presents new policies and projects (City of Guelph, n.d.). 

The award-winning Downtown Guelph Secondary Plan states that private development 

and public investments should accomplish the growth aim of an additional 7,500 residents and 

employment opportunities by 2031. Concerning the distinct “sense of place” established by 

Downtown Guelph’s historic buildings, the Secondary Plan allows the construction of new 

buildings with up to 12 to 18 storeys on sites near the Speed River. The plan presents a series 

of critical improvements for the public realm, including a new riverfront park. Based on open 

and regular communication with various local stakeholders, Urban Strategies Inc. has 

developed physical and digital models of the plan (City of Guelph, February 2017). 

4.4 Criteria for Site Selection 

The Downtown Guelph Secondary Plan indicates that Downtown Guelph will be a high-

density area with both commercial and residential land use, which is compatible with the basic 

requirements for building a Sponge City. A portion of Downtown Guelph is located in the flood 

plains of the Speed River and Eramosa River (Fig. 4.1). Flooding is one of the principal 

concerns to be addressed by the city and the new plan. The City of Guelph has provided 

background documents as well as a listing of flooding occurrences reported to the City within 

the last eight years. The City has documented flooding as either overland or basement flooding 

(representing about 400 flooding cases). The lower Speed River is the primary disaster area 

during the rainy season (AMEC Environment & Infrastructure, 2012).   
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If the concept of Sponge City is applied to the existing Downtown Guelph Secondary Plan, 

the upstream water flows should be reduced effectively by absorbing major rainfall and 

reducing runoff. Harvested rainwater should also be used for urban water features and citizens’ 

daily living. 
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Figure 4.1: Downtown Guelph Land Use Plan 

Image Source: Downtown Secondary Plan, Page 58. 
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4.5 Design Approach for Downtown Guelph  

The design site for this study is an area of downtown Guelph bordered by Gordon Street, 

the Guelph Junction Railway, Wyndham Street and the Speed River. The design approach for 

the site involves testing the design principles of Sponge City, as summarized above. Based on 

the Secondary Plan of Downtown Guelph created by Urban Strategies Inc. (2012–2016), this 

thesis examines the addition of some key aspects of the site, including permeable pavement, a 

bioretention basin, a rooftop garden, and a waterfront park. A successful design should reduce 

runoff and absorb rainfall in an efficient manner. The design plan summarized herein is 

expected to help Guelph residents appreciate their city’s water-absorbing capacity and its 

beautiful living environment. 

 

4.6 Design Concept  

 The concept plan also enhances the streetscape of Wyndham Street. The straight route will 

provide a strong sense of direction and symmetry (Fig. 4.2). Along this road, geometric water 

and green features will provide an enjoyable walking experience, with benches provided for 

visitors. Building roof corridors connect the green roofs of different buildings and provide a 

new, raised communication platform.  

The concept of Sponge City contributes to restoring rainwater and reducing runoff to the 

maximum extent. At the same time, emphasizing the design of the central axis improves the 

relationship between human community and the natural environment.  
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Figure 4.2: The conceptual plan 
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Chapter 5. Application and Analysis of Site Principles 

 According to the Downtown Guelph Secondary Plan, the process and approval of any new 

design application should rely on the availability of water and wastewater treatment capacity 

(City of Guelph, n.d.). 

The plan also encourages the application of Low Impact Development (LID) methods to 

minimize stormwater runoff and recharge groundwater systems, including rainwater harvesting 

and waterfront design, bioretention or water features, infiltration measures, permeable 

pavement, and rooftop gardens. New buildings ought to be encouraged to install rainwater 

harvesting and devices for reuse of outdoor water uses. This chapter demonstrates opportunities 

to apply the concept of Sponge City and LID to the site, followed by a summary of principles 

and analysis of the improvements to achieve water management. 

5.1 Principles of Resourcing Rainwater  

In terms of hydrological and geomorphic environmental aspects, Guelph is near the 

southern limit of the Great Lakes. Guelph is within the Manitoulin–Lake Simcoe Ecoregion, 

and within the eastern end of the Stratford Ecodistrict. The overall cover of wetlands and forests 

in this Ecodistrict is about 16%. In the City of Guelph, the percentage of natural green cover is 

currently estimated to be around 25% (AMEC Environment & Infrastructure, 2012). 

The development of Downtown Guelph will help the city achieve its environmental 

sustainability goals by encouraging rainfall harvesting strategies. According to the Downtown 

Guelph Secondary Plan, the new downtown area is required to promote energy efficiency and 

water conservation (City of Guelph, 2013). As a core value of the application of the Sponge 

City concept, resourcing rainfall must be considered a main design aim throughout the planning 

process.  
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5.2 Principles of Ecological Water Management  

Due to polluted runoff, natural and human-made bodies of water located in city areas face 

the problem of poor water quality, often resulting in eutrophication. The design of a Sponge 

City has high water quality as one of its primary goals. Therefore, the construction of water 

self-purification systems represents an important method of ecological restoration.  

Based on the contours and runoff diagram, we can determine that the site’s primary runoff 

runs from northwest to southeast, crossing the new high-density building area near the Speed 

River (Fig. 5.1). According to the description of the ‘Future Park Policy Area’, a waterfront 

park with different layers of vegetation will be designed to block and purify runoff to the Speed 

River.  

The waterfront park can be divided into four main layers: forest, turf, shrubs and wetland, 

and concrete block revetment. The forest layer will mitigate visual and noise pollution from 

vehicles on the main road (Gordon Street) and make the waterfront park an inviting area. The 

turf layer will contribute to creating an open public leisure space, with some canopy to offer 

shade. Layers of shrubs and wetland are situated along the Speed River, providing a habitat for 

local species.  The block revetment layer and a firm land-water edge will prevent erosion from 

the river (Fig. 5.2). The process of runoff crossing these four layers while traveling towards the 

Speed River will play an important part in water purification. 
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Figure 5.1: Contours and runoff diagram 

 

 

Figure 5.2: Section diagram of the various layers of Waterfront Park 

 



 

 43 

5.3 Principles of Green Infrastructure  

The concept of Sponge City involves making full use of green infrastructure to purify, 

restore, adjust, and reuse rainfall. The principles of green infrastructure can be widely applied 

in the construction of buildings and road systems. Therefore, green roofs and bioretention are 

the strategies used to implement the green infrastructure principle in the new design of the site.  

Based on the distribution of new buildings in the Downtown Guelph Secondary Plan, the 

new concept plan uses 83% of roof areas for green roofs (Fig. 5.3). The function of these new 

green roofs is to absorb and restore the rainwater that falls on buildings; reduce inside 

temperatures; and create new outdoor space, including connecting pathways between the roofs 

for people who are working and living on the site (Fig. 5.4). 

Bioretention is applied to the sidewalks and some parking and plaza spaces between 

buildings. These features capture and reduce water that flows over the site from northwest to 

southeast (Fig. 5.5). The rainwater will be purified by this green infrastructure and provide a 

sufficient water resource for nearby vegetation and water features.  
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Figure 5.3: Green roofs and bioretention areas in the plan 
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Figure 5.4: Perspective of a green roof with a view of the Speed River – a new recreation space 

 

 

Figure 5.5: Perspective of bioretention along a sidewalk 
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5.4 Principles of Urban Infrastructure  

Due to the weight of vehicles, permeable pavement cannot be suitably applied to roads.  

However, it can be used on sidewalks, plazas or squares, as in the case of the proposed 

permeable pavement beside the Field Artillery Regiment Building (the Armoury) (Fig. 5.6). 

This material can absorb surface runoff at a higher rate compared to traditional impervious 

pavement surfaces such as concrete and asphalt (Credit Valley Conservation, 2011).  

Steel sculptures are proposed at the square and the parkway that connects the square and 

the waterfront park. The sculpture resembles a huge umbrella (6 m high, 5.5 m wide). The 

upper area of the sculpture can gather a significant quantity of rainwater, and the mesh structure 

surrounding the column will lead the water to the rain garden which is on the bottom of the 

sculpture. These sculptures are intended to be landmarks for the new site (Fig.  5.7). 
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Figure 5.6: Permeable Pavement in the plan 
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Figure 5.7: Rain-collection sculptures in the permeable square 
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Chapter 6. Sponge City Applied to the Site  

This chapter presents design drawings.  The master plan reveals all design details of the 

concept, and marks the positions of planted trees. This chapter also includes two section 

diagrams showing the skyline of the design and the heights of buildings. The diagram of 

principles used in the application of Sponge City indicates the areas in which the four principles 

are applied. Finally, a rendering of the 3D model with an aerial view is included. 

 

6.1 Master Plan  

Figure 6.1 shows trees planted along three main roads and surrounding buildings, the 

purpose of which is to cut off traffic noise. The central parkway runs through the whole site 

and makes contact with both the square and waterfront park, giving users a strong sense of 

direction. In the central parkway, steel umbrella sculptures are equipped to provide ground 

shade and form landmarks, and trees are planted on the rooftop gardens to produce shades on 

top of buildings. The corridors on these roofs allow users to travel between different buildings. 

In the waterfront park, curve trails offer visitors alternative ways to approach the Speed River 

and natural habitats. 
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Figure 6.1: The master plan of the application of Sponge City 
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6.1.1. Diagrams of the Master Plan  

The following figures illustrate four aims of the master plan. Figure 6.2 is an elevation 

diagram along Wellington Street East facing northwest (see master plan as a-a).  It shows a 

central pedestrian mew that divides the site equally and forms the central axis of the buildings 

area. An elevation diagram through the central axis of the site facing northwest (see b-b on the 

master plan), is illustrated in Figure 6.3. It shows the position of the highest building on the 

site, located at the boundary between the waterfront park and downtown Guelph. The green 

roof on the tallest building in this elevation is expected to be the best landscape viewpoint. 

Figure 6.4 shows the distribution of principles used in the application of Sponge City on the 

site. A full view of the design is shown in aerial view in Figure 6.5. 

 

Figure 6.2: Elevation diagram of a-a 

 

 

 

Figure 6.3: Elevation diagram of b-b 
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Figure 6.4: Diagram of principles used in the application of Sponge City 
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Figure 6.5: Aerial view of the model 
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Chapter 7. Results and Conclusion  

This chapter focuses on reviewing the principles used in the application of Sponge City in 

Downtown Guelph based on the research questions, goals, and objectives described in Chapter 

1. Finally, this chapter discusses findings, limitations, and recommendations for future study. 

7.1 Calculation of the Design’s Water Absorption Capacity  

According to Table 7.1, we can determine that the annual average of precipitation of 

Guelph–Wellington South in the past 30 years was 905 mm (Farmzone). The total area of the 

study site (not including roads) is 44,703 m2, indicating that the average volumetric 

precipitation including rainfall and snowfall is 40,456.2 m3. 

 

From the low-impact development Stormwater Management Planning and Design Guide 

(Credit Valley Conservation, 2011), we can calculate the value of volumetric runoff reduction 

(water permeability) of the four principles applied to the site. The volumetric runoff reduction 

capacity of a green roof is 45 to 55%. Due to the underdrain factor, the capacities of 

bioretention and permeable pavement range from 45 to 85%. The capaicty of vegetated filter 

strips (waterfront park) depends on soil type, and ranges between 25 and 50% (Table 7.2) 

(Credit Valley Conservation, 2011). 

 

Based on the 3D model, we can calculate the areas of different applied principles. 

According to the above data, the water permeability capacity of the Sponge City design site 

is between 24.9% (a conservative estimate) and 42.8% (an optimal estimate). The average 

water permeability capacity of the design site is 33.85% (Table 7.3). 
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Monthly and annual precipitation data for Guelph-Wellington South, Ontario 

 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Monthly 

rainfall 

(mm) 

24 20 42 67 78 90 85 85 86 68 71 33 

Annual Average: 749 

Monthly 

snowfall 

(mm) 

40 32 23 8 0 0 0 0 0 2 15 36 

Annual Average: 156 

Monthly 

Precipitation 

(mm) 

64 52 65 76 78 90 85 85 86 70 86 69 

Annual Average: 905 

 

Table 7.1: Monthly and annual precipitation data for Guelph-Wellington South, Ontario (Farmzone). 

Table source: http://www.farmzone.com/statistics/CL6142402/so029 

 

 

Estimated runoff reduction values of the four applied design principles 

Principles Runoff Reduction Estimate 

Green Roofs 45 to 55% 

Bioretention and Dry swales 
45% with underdrain to  

85% without underdrain 

Permeable Pavement 
45% with underdrain to  

85% without underdrain 

Vegetated Filter Strips – Waterfront 

Park 

50% on HSG A and B soils 

25% on HSG C and D soils 

 

Table 7.2: Estimated runoff reduction values for the four applied design principles. 

Table source: Credit Valley Conservation. (2011). Low-Impact Development Stormwater Management 

Planning and Design Guide 

http://www.farmzone.com/statistics/CL6142402/so029
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Water permeability of the design 

Applied Design 

Principles 

Permeable 

Pavement 

Vegetated 

Filter Strips 

Bioretention 

and Dry 

Swales 

Green Roofs 

Total Area 8,883.3 m2 14,603.35 m2 7,431.82 m2 10,010.69 m2 

Annual 

Precipitation 
7,858 m3 13,216 m3 6,726 m3 9,058 m3 

Water 

Permeability 
45% to 85% 25% to 50% 45% to 85% 45% to 55% 

Water Absorbed 3,536 m3 to 

6,679 m3 

3,304 m3 to 

6,608 m3 

3,026 m3 to 

5,717 m3 

4,076 m3 to 

4,981 m3 

In Total 13,942 m3 to 23,954 m3 

Water 

Permeability 

24.9% (conservative estimate) to 42.8% (optimal estimate) 

 

 

Note:  

In this study, the presence of underdrain in the pavement base is uncertain. Therefore, the 

outcome value is calculated with both the lowest and highest water permeability value. 

The calculation formula is 23,984 m³/ 13942 m³ ÷ [ 55,872 m² (total area of the study site) 

× 0.905 (annual average precipitation)  

 

 

Table 7.3: Water permeability of the design  

 

7.2 Limitations  

 Because the author did not have permission to use the Auto CAD plan created by 

Urban Strategies, the design plan and model were traced based on the Downtown 

Guelph Secondary Plan (City of Guelph, February 2017). Therefore, area 

calculations are not exact. 

 Due to data collection limitations, calculations of the water permeability of the 

design focus only on precipitation at the site. Water from upstream flows was not 

considered in the calculation of results.  

 Seasonality factors will influence the data. Especially in winter, precipitation can 

freeze on the top of both green infrastructure and urban permeable pavement. Only 



 

 57 

rainwater harvesting systems that are located underground or indoors can prevent 

issues associated with freezing, ice formation, and subsequent system damage. An 

outdoor system could be used seasonally. 

 Application of the proposed Sponge City design is idealistic. The construction of the 

plan must be justified according to various issues, including the City’s needs, 

building structure specifications, protection of historic buildings, and the extent and 

type of underground piping. 

 

7.3 Application Results 

The application of Sponge City can help to reduce runoff and absorb rainwater by 24.9 to 

42.8% compared to the current situation, indicating that the issue of flooding in Downtown 

Guelph can be effectively curbed.  

 

The central parkway in the site will provide a new central axis in the downtown area and 

build a strong connection between the centre of the city and the Speed River. The commercial 

area, which is located beside the central park, is expected to play a significant role in attracting 

more tourists and citizens. At the same time, the design will assist in revitalizing the economic 

status of the city. 

 

The large area of green roofs will be another major feature of the site, attracting more 

residents and office staff into the proposed buildings. The interconnection of green roofs will 

provide citizens with new social spaces and scenery to enjoy.  

 

The design of the waterfront park can combine edges of the rigid pavement of urban areas 

with the natural river and wetlands. The layered landscape plants have the potential to 

effectively filter and purify the runoff flowing from the urban area to the Speed River. Pathways 

in the waterfront park increase the ability to conveniently approach the natural environment 

and wildlife habitats, and it is anticipated the park will become a popular green area in 

Downtown Guelph. 
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7.4 Design on a Broader Scale  

“When you look at a city, it’s like reading the hope, aspirations and pride of everyone who 

built it.” 

Hugh Newell Jacobsen 

 

Cities are full of unexpected changes. Each change represents a potential opportunity for 

improvement, and as a result of this constant change, the development of cities has not ceased. 

Sponge City is a new stormwater management concept, and compared with traditional methods, 

it requires more time and financial resources to be realized. However, this conceptual plan 

demonstrates the capacity of the Sponge City principles to better the urban environment and 

natural systems.  

In future studies, the Sponge City concept could be combined with urban farming, 

providing large areas in which to plant crops or gardens. This would not only address the high 

costs associating with transporting agricultural products, but would also provide an opportunity 

for urban citizens to learn about and join in the process of growing food.  

To summarize, now is the time to act in terms of exploiting new methods of managing 

stormwater and flooding issues. The Sponge City concept precisely meets the needs of 

sustainable city development: reusing rainwater and respecting nature. 
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