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PREFACE
This thesis is the final step of my master study in landscape architecture at Wageningen University.
It is a synthesis of knowledge that I studied at the university. During the 17 months of investigation
and research, I fully put my heart and soul into this thesis, and felt the charm of landscape and
research. In my opinion, landscape architects are more like coordinators, who construct a balance
between urban and nature, aesthetics and engineering, and many other disciplines such as water
supply and drainage. As cities expand and climate change brings problems like waterlogging, cities
face more and more challenges in terms of social and environmental aspects. A complex urban
environment and diverse challenges can no longer be met by single-purpose measures, while
integrated solutions are more future-oriented. It is time for landscape architects, as coordinators, to
shoulder the responsibility of building safer and happier cities. With this thesis, I hope to improve
urban waterlogging and livability in an integrated way from a landscape and research perspective to
address the challenges faced by high-density urban areas. Furthermore, I also hope the conclusion
of this thesis can provide a reference for the decision-making of government departments.
During the thesis, although I met many difficulties, I have also obtained many helps and supports.
First of all, I would like to thank my supervisor Yuting Tai for her guidance. She always brought me
new inspirations and important advice, and patiently answered my questions. Without her help and
encouragement, I could not have finished the thesis. Then I want to thank Mr. Liu and Mr. Tan for
being my interviewees and answering my questions about water management in Guangzhou with
their professional knowledge. After that, I would like to thank my family and friends, who helped
me conduct the investigation successfully and gave me the motivation to work hard. Lastly, I want
to give special thanks to my boyfriend Ziyang Song, for his constant support and encouragement,
which kept me going through the difficulties.
At the end of the preface, I want to call attention to climate change and the disasters it brings. The
beauty of the natural landscape and cultural landscape deserves to be preserved and passed on.
Within our means, let us work together towards a sustainable future.
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SUMMARY
Under the context of climate change and fast urbanization, many high-density cities, especially
delta cities such as Guangzhou, face more and more challenges from waterlogging and decreased
livability. Although the existing theories have already provided tools to mitigate waterlogging in
urban areas, a more synthetical approach is needed to analyze problems and integrate design
measures for solving these multi-dimensional spatial problems including social and environmental
aspects. At the same time, the existing theories that are mostly developed in low-density cities also
need to be adapted to the high-density urban environment. In addition, the current theories and
practices also lack a targeted consideration of local livability improvement.
Based this situation, the concept of landscape infrastructure is thus used as a medium to integrate
tools of retrofitting both grey and green infrastructures to develop a toolbox, which fits the
condition of limited green space in high-density cities and can solve multiple urban problems. The
toolbox is designed based on existing theories and local infrastructures, and meets the criteria of
low space requirement. Then this toolbox is further applied in a test site and evaluated according
to the criteria of waterlogging mitigation and livability improvement to explore its capabilities.
The research process and the outcome provide a reference of developing multifunctional
landscapes to mitigate waterlogging and improve livability in high-density delta cities. And the final
developed toolbox can be used as a decision-making supporting approach and communicating
medium for local government departments.

Keywords: Waterlogging; Livability; High-density cities; Sustainable water management;
Landscape infrastructure; Toolbox
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Introduction
This chapter introduces the problems related to waterlogging and
livability in high-density delta cities, and also shortly summarizes the
shortage of the existing knowledge. And this chapter also identifies
Guangzhou as the study area of this thesis and elaborates the detailed
context of Guangzhou.
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1. Introduction
1.1. Waterlogging and livability in high-density
delta cities
Climate change is one of the world’s largest challenges in
terms of environment, economy and safety (Yang et al.,
2015), which significantly increases the weather-related
risks faced by human settlements (Muller, 2007).
More than two-thirds of the world’s large cities are
located in delta and coastal areas and will be negatively influenced by climate change (C40 Cities Climate
Leadership Group, 2016). Among them, delta areas have
become homelands for more than half a billion people
in the world due to their abundant natural resources
and strategical locations for economic development,
while their population density is ten times more than the
world average (Foufoula-Georgiou, 2013). In 2025 most
of the world population will live in delta areas (Dircke
and Molenaar, 2015). These areas are experiencing fast
urbanization that leads to high construction density and
high population density.

However, due to their low-lying feature, complex
hydrological conditions and rich socio-economic
activities, delta areas are sensitive to climate change and
vulnerable to natural disasters (Figure 1), especially in
Asia where delta cities are experiencing rapid urbanizing
process (Seto, 2011).
Flooding is one of the most common and destructive
disasters in delta areas, where there are three types of
flooding: fluvial flood, coastal flood and pluvial flood.
Although comparing to fluvial and coastal flood, pluvial
flood or waterlogging is usually thought to be local and
small-scale, it is one of the main reasons for the increased
frequency of global flooding (Chang and Franczyk, 2008).
In fact, in recent years, more and more floods resulting
from extreme weathers happen in delta cities and cause
severe damages such as Hurricane Katrina in New Orleans
and Typhoon Hato in Macau, which arouses widespread
concerns among people in these areas (Yin et al., 2020).
In the meantime, many local waterlogging events are also
recorded and bring damages in high-density delta cities.

Figure 1 Locations of world’s major deltas and deltas that are relatively vulnerable to climate change (red points) (Based
on Tessler et al., 2015; IPCC, 2014)
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It is reported that 62% of cities in China are suffering
from waterlogging, especially in mega delta cities such as
Guangzhou and Shanghai (Kong et al., 2021), while 86%
of total economic flood damage in Tokyo was only due
to waterlogging (MLIT, 2008). Besides, according to the
projection of IPCC (2014), the rising temperature caused
by climate change will probably increase precipitations
and the frequency of extreme precipitations, which will
lead to higher risks for people, assets and the economy

in urban areas, especially in developing countries.
Therefore, waterlogging is getting more and more
attention internationally and becomes an urgent problem
in many countries (Figure 2). The higher frequency and
increasingly severe influence lead to a shift of research
focus from fluvial and coastal floods to pluvial floods,
especially in developing countries in Asia (Subrina and
Chowdhury, 2018; Yin et al., 2015).

Figure 2 Waterlogging in Asia countries (Kyodo News via AP, 2019; Asfouri,2011; Visual China
Group, 2018; Ahmed, 2020)

Figure 3 High-density constructions in developing counties (u/unexpectedit3m, 2019; Hara, 2017;
ITDP, 2011; Sorbis, 2011)
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Urbanization is considered one of the leading causes of
increasing waterlogging in cities (Rujner and Goedecke,
2016). With the fast urbanizing process, the expanding
impervious surfaces negatively influence natural
infiltration and lead to waterlogging (Yu et al., 2018).
Moreover, urbanization results in the disappearance of
natural drainage systems such as rivers. Instead of this,
underground drainage systems are constructed, in which
some of them, mostly in developing countries, have a
low drainage capacity and poor maintenance (Zhang et
al., 2020). In addition, the intensity of precipitations and
the frequency of rainstorms are excepted to increase
under the scenario of global climate change, which can
aggravate waterlogging risks (Huong and Pathirana,
2011).
Urbanizing delta cities in developing countries have
the common features of delta cities, including a high
population and construction density, but they have a
limited capability of dealing with pluvial floods. These
features make these cities vulnerable to waterlogging
risks, and the waterlogging in cities could result in severe
losses.
In addition to this, urbanization also leads to high-density
constructions (Figure 3), which negatively influence urban
livability. It is found that high-density cities have lower
livability than low-density cities (Howley et al., 2009).
One reason for low livability in these cities is the poor
environmental quality that results from limited green
space (Dahiya, 2012). Compared to green infrastructures,
grey infrastructures such as roads are much more
dominant in high-density cities, especially in developing
countries eager for development. Because the fierce land
competitions in these countries limit the development of
recreational green space (Jim, 2004). Another reason is
that, with the modernization and globalization, the highdensity construction does not respect the characteristics
of the original environment, which changes the way
of living for local people and destroys the cities’ local
identity (Rostami et al., 2015).
Under this context, this thesis will use Guangzhou as an
example of a high-density city to explore possibilities of
mitigating waterlogging and improving livability at the
same time. As the core city located on one of the most
complex deltas globally, Guangzhou faces all the abovementioned problems. To mitigate waterlogging, the local
government proposed the Sponge City program with the
central government's encouragement to restore natural
water balance by constructing wetlands and greening
canals. However, since the green space is small and

limited in such high-density areas as Guangzhou, this
program has limited capacity. And this program does not
mention livability even though it has potentials.
For resolving multi-dimensional spatial problems in
terms of waterlogging and livability in high-density cities,
a synthetical approach is needed to analyze problems
and integrate design measure. Because different
departments have their wishes and requirements, which
will influence the application of design measures. The
lack of a synthetical approach brings limitations and
difficulties in selecting and applying tools to different
departments. In addition, some existing theories raised
in the Western context, such as the Sustainable Drainage
System and Blue-Green Infrastructure, have shown
their goals to improve both waterlogging and livability
at the same time. These theories tend to develop
smaller green infrastructures in urban areas to mitigate
waterlogging and use these green infrastructures to
improve livability generally (Liao, 2019). However, cities
in western countries usually have lower urban densities
and more green space, while the direct application
of these theories in high-density cities will have more
limitations. Under this situation, these theories lack a
consideration on the retrofits of grey infrastructures.
And although the existing theories have already provided
some tools or toolboxes, they tend to focus on the
aspect of waterlogging mitigation and are not targeted to
problems of limited space, and they also lack a targeted
consideration of decreased local livability in high-density
cities. Nevertheless, these theories still give a direction
of developing multifunctional infrastructures that could
resolve multiple urban problems.
Therefore, this thesis will develop a toolbox as an
integrated and decision-making supporting method to
combine and optimize existing design tools, which can
help the relevant departments to select and apply tools
in high-density delta cities. This toolbox is based on the
concept of landscape infrastructure containing both grey
and green infrastructures, and is expected to mitigate
waterlogging and provides additional contributions to
livability.
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1.2.

Study area: Guangzhou

1.2.1.

Urbanization in Guangzhou

After looking through delta areas with fast urbanization
globally, the Pearl River Delta (PRD) is considered as
one of the most complex deltas in the world due to
its dense population, rapid urbanization and rich river
network (Global Water Partnership, 2016). The PRD
accommodates more than 78 million people in 2020,
covering nine cities with 41,698 square kilometers (Figure
4). According to Deuskar et al. (2015), it surpassed Tokyo
and became the largest city cluster in size and population
in 2014. The PRD is formed by three main rivers,
including the West River, the East River and the North

Figure 4 The Pearl River Delta and Guangzhou

Figure 5 River network in the PRD (Zhang et al., 2009)
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River, and has gradually developed almost a hundred
waterways with about 1738 kilometers (Figure 5).
Guangzhou is located in the conjunction of the three
rivers. It covers an area of 7434 square kilometers with a
population of 18.7 million in 2021.
As a delta city, Guangzhou originates from the Pearl
river’s riverside with rich water networks. On the one
hand, the port trade brings many commercial activities
at the riverfront and leads to a prosperous economy for
Guangzhou (Liang, 2018). Early in 1686, Guangzhou had
constructed the harbour and factories for foreign trade
(Figure 6). On the other hand, since people settled here,
water has played an important role in local people’s life,

which forms the water-human interactions. They are
used to live with rivers and rains, and form the Lingnan
water culture that refers to the river-based production
and life culture. The crisscrossed waterways become
busy and popular public spaces, in which local people
developed their homes and festivals (Yao et al., 2019).
For adapting to the water environment, they explored
their ways of housing and producing with water.
As the core city of the PRD economic zone and the capital
city of the province, Guangzhou is experiencing rapid
urbanization (Figure 7) and develops an international
metropolis with booming business. It is the gate city
of southern China and plays the role of the cultural
exchange center. Due to all these characteristics,
Guangzhou becomes a magnet and attracts domestic

and international people and companies, especially in
the central urban area where rapid expansion has taken
place and new districts have been developed around the
old districts in recent 30 years. These newly developed
districts replaced former floodplains and farmlands with
grey infrastructures and buildings. And the new modern
port in the south has replaced the old port in the old
districts. This change of the environment leads to that
the water-human interaction has become history. Like
other megacities in the world, the central urban area of
Guangzhou is gradually featured with high building and
population densities with fierce land competitions.

Figure 6 Canton harbor with foreign trades painted in 1805 (Photo by Dykes, 2007)

Figure 7 Urbanization process between 1990 and 2005 and expectation of expansion in 2020 in Guangzhou (Gong et al.,
2018)
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1.2.2.

Waterlogging in Guangzhou

According to a study by the World Bank (2013),
Guangzhou is one of the most vulnerable cities globally
in terms of the damage from floods due to its climate
sensitivity and high exposure of population and assets
in the low-lying delta. Only in 2014, the waterlogging
caused by rainstorms led to the loss of 700 million Yuan
(about 87.5 million euros) in the city.

Waterlogging has become more widespread and
frequent in Guangzhou in recent years. According to the
Guangzhou Sponge City Special Planning 2016-2030, only
seven waterlogging events were recorded in the 1980s,
while the number has increased to 113 with a wider
distribution after 2000. In 2020, the local government
reported 128 waterlogging risk points in Guangzhou,
which refer to areas inundated frequently. As shown
in Figure 8, these waterlogging risk points mainly

Figure 8 Map of waterlogging risk points in Guangzhou (Based on Guangzhou Water Authority, 2020)
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concentrate in the central urban area.
Although fast urbanization has brought great economic
and social development opportunities to the central
urban area of Guangzhou, it has also increased the area’s
vulnerability to waterlogging. This increased vulnerability
is mainly embodied in the newly developed districts in
the central urban area. Compared to the old districts,
the new districts are developed in lower areas such as
previous floodplains and farmlands. The constructions on
the new districts ignored the natural water networks and
replaced them with insufficient drainage infrastructures.
This kind of development increases the vulnerability to
waterlogging of the new districts.
In addition to this, Guangzhou has a sub-tropical climate
with abundant rainfall and storms. The average annual
precipitation is 1768.8mm (Wang et al., 2017), while
most precipitations happen in the monsoon (April to
September) (Figure 9). From 1990 to 2017, more than
1300 rainstorms were recorded in the urban area of
Guangzhou (Pan et al., 2019). Due to future climate
change, the annual rainfall is estimated to increase
by 30% as a maximum during the monsoon, while the
annual maximum 1-day rainfall will be doubled with
a 100-years return period and become more frequent
(Zhang et al., 2017). This change of weather will further
put pressures on the current drainage system and
increase the possibilities of waterlogging in Guangzhou.
Under this context, the high vulnerability and high
possibility of waterlogging will lead to higher risks of
waterlogging for local people in Guangzhou in the future,

especially in the newly developed districts in the central
urban areas.
1.2.3.

Livability in Guangzhou

Livability refers to the quality and experience of living
perceived by local people (Zhang et al., 2019). The lack
of livability is another obvious problem caused by fast
urbanization in the central urban area of Guangzhou.
The decreased livability in Guangzhou is embodied in
four aspects: employment, social infrastructure, living
environment and social culture (Lv et al., 2010). Firstly,
since most local companies lack the core technologies
and the development of innovative and financial
industries fall behind other big cities in China, Guangzhou
has limited capacity to provide an employment platform
for professionals. Secondly, the social infrastructures
in Guangzhou, such as schools and hospitals, cannot
meet the demand of the increasing population in the
process of urbanization. Thirdly, the quality of the
living environment is gradually decreasing due to high
population densities and intensive constructions with
little recreational green space. Lastly, the disappearing
water characteristics of the city leads to the loss of social
culture (Lv et al., 2010).
When starting from the perspective of landscape
architecture and the sensitive water environment in
delta areas, this thesis will focus on improving the living
environment and social culture to improve livability in
Guangzhou.

Figure 9 Average precipitations per month in Guangzhou (Based on Wang et al., 2017)
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1.2.4. Current measures for waterlogging mitigation
and livability improvement
To mitigate waterlogging in Guangzhou, the local
government has already taken some engineering and
nature-based measures.
In the engineering aspect, there are 683 pumping
stations in Guangzhou (Wang et al., 2017) powered by
electricity, while most of them are located in old districts
and suburbs next to rivers. In addition to these, the local
government plans to construct a deep tunnel system to
deal with waterlogging in recent years. The pilot project
has been finished containing 1770-meter deep tunnels
and 1390-meter normal sewer pipes. Nonetheless, only
the construction work costs 272.5 million yuan, and
the construction process meets many difficulties, such
as heritage conservation (He, 2017). Despite this, the
Deep tunnel project is still at the experimental stage.
Therefore, although these engineering measures have
effects on waterlogging mitigation, they are expensive
and do not take livability improvement into account.
In terms of the natural aspect, the government
constructed four artificial lakes in the 1950s to store
rainwater. But due to fierce land competition, the storage
capacity of these lakes has decreased from 171 m3 in
1995 to today’s 54 m3 (Wang et al., 2017). Despite this,
these artificial lakes still add recreational green space in
the city, which is a start of considering livability. In 2012,
the government started to look for measures to provide
multiple functions, including waterlogging mitigation and
livability improvement in terms of living environment and
social culture. On the one hand, 17 new artificial lakes
in total are planned. However, there is limited space
in the central urban area to develop these lakes. And
since the construction of lakes can bring high economic
benefits in terms of real estates, the location selection
of lakes was not always wise, which sometimes leads to
their little effect on rainwater storage (Tai, 2018). On the
other hand, the local government also planned to restore
covered canals such as Lychee Bay to improve livability
and mitigate waterlogging at the same time. But in the
Lychee Bay project, the waterlogging in this area was
aggerated on the contrary, since the canal has to be cut
off by a sluice to control water pollution (Tai, 2018).
Furthermore, the local government issued the
Guangzhou Sponge City Special Planning 2016-2030
in 2016 to mitigate waterlogging. This planning mainly
focuses on utilizing existing green infrastructures such as
lakes and canals in the central urban area, and managing
rainwater on the catchment scales. As the pilot project of
18

the Sponge City Program, Tianhe Smart City is completed
in the low-density area of Tianhe district in 2016, which
aims to place water management into urban green
space by reasonably planning green infrastructures.
This project constructs new wetlands and other natural
facilities such as rain gardens and green roofs to regulate
runoff and mitigate waterlogging. Although this pilot
project improves local water safety and environments
to some extent (Pei, 2017), the Sponge City Program in
Guangzhou is at the experimental stage with fragmental
development in general (Wen, 2018). Moreover, the
possibilities of improving socio-cultural livability are
not taken into account in the planning. Besides, in the
pilot project, the newly developed wetlands are mainly
transformed from farmlands (Pei, 2017), which cannot be
universally applied in high-density urban areas.

These measures of waterlogging mitigation are
summarized in Table 1 with examples, existing locations
and evaluations in terms of waterlogging mitigation,
livability consideration and limitation. From this table, it
can be concluded that:
•

In the central urban area, most current measures
are mainly constructed in old districts or low-density
areas but not yet implemented in the high-density
areas of new districts.

•

The engineering measures seem conservative and
safe methods for waterlogging mitigation. But the
construction of Deep tunnels is expensive and faces
technical and other unknown challenges, while
the pumping station can only be constructed in
areas next to rivers or canals. And they all do not
contribute to livability.

•

The natural measures such as artificial lakes and the
Sponge city program have a positive performance
in waterlogging mitigation and have the potentials
to improve livability. But due to the high cost of
land-use transformation in the central urban area,
nowadays it is not easy to construct artificial lakes
and wetlands that take up large space.

Table 1 Current measures of waterlogging mitigation
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1.3.

Test site selection

The catchments in the southern Tianhe district is selected
as the test site for this thesis.
Because firstly, compared to the old districts, Tianhe
district is a newly developed region in the central urban
area, located on lower grounds. It was covered by many
meandering rivers, floodplains and farmlands in the

Figure 10 The Tianhe district in 1980s (nfrbsy, 2016)

past (Figure 10). However, due to rapid urbanization
in the southern area (Figure 11), impervious surfaces
quickly replace original floodplains and farmlands, which
leads to damage on the natural water system with the
disappearance and hardening of a large number of rivers
(Liu, 2015). The natural water system is not respected
in this area. This makes the southern Tianhe district one
of the regions with the most serious waterlogging in
Guangzhou (Figure 12).

Figure 11 The high degree of urbanization in Tianhe
district (Rake, 2020)

Figure 12 Locations of Tianhe district in the central urban area and waterlogging risk points
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Figure 13 A common street with little greenery in southern
Tianhe district (Zhang et al., 2020)
Secondly, although the waterlogging problem is severe in
Tianhe district, most existing measures of waterlogging
mitigation are implemented in the old districts. Because
the old districts in the central urban area in Guangzhou,
such as Yuexiu district, had serious waterlogging in the
past due to their long history and old drainage system,
which attracted more concentrations. Waterlogging has
been improved in old districts in recent years (Wang
et al., 2017). Comparing to this, the newly developed
districts such as Tianhe district in the central urban area
have continually increasing waterlogging risk points (Li et
al., 2015). In addition, although the Guangzhou Sponge
City Special Planning takes Tianhe district into account,
green infrastructures that can be used to construct the
Sponge City program are limited. Grey infrastructures are
dominant in this district, especially in the southern area
(Figure 13). This situation is also in line with the context
of this research.

Lastly, as a high-density urban area with a large
population and fast development, the southern Tianhe
district also faces decreased livability. There are only
a few urban parks, and the roadside green space is
significantly insufficient, while the disappearance of rivers
also leads to the disappearance of the water-human
interactions. Therefore, the region is also representative
of the livability problems that exist in Guangzhou.
These reasons show the fitness and demand of applying
landscape infrastructure in this area. Therefore, the
southern Tianhe district is chosen as a representative
area to provide references for other districts in
Guangzhou. For the convenience of the research, the
catchment that centralizes ten waterlogging risk points
in the southern part of Tianhe district are selected as the
test site (Figure 14). This site will be further analyzed in
chapter 6.

Figure 14 The
location and
map of the test
site
21

1.4.

Knowledge gap

As the main measure of waterlogging mitigation in
Guangzhou in the future, the Sponge City program has
a limited ability of application in high-density urban
areas, since its construction relies on constructing large
green space to manage rainwater (Li et al., 2017). But in
these areas, green infrastructures are small and limited,
while grey infrastructures are dominant. In terms of
“small”, some other relevant theories about water
management, such as Sustainable Drainage System
and Blue-Green Infrastructure, propose some tools or
toolboxes with the low space requirement like filter
strips and natural swales. However, these theories are
researched based on developed countries with lower
construction density and more green space. The direct
application of them to developing countries in Asia with
limited green space and more grey infrastructures will
have many challenges (Liao, 2019). However, the tools
provided by these theories can still serve as reference
cases for this thesis. Table 2 compares the Sponge City
program in Guangzhou, Sustainable Drainage System
and Blue-Green Infrastructure. In terms of “limited”, a
possible solution is to retrofit grey infrastructures as part
of the system for waterlogging mitigation. This requires
expanding the concept from green infrastructure to
landscape infrastructure that contains grey and green
infrastructures.
In addition to this, although the lack of livability has
become another obvious problem in Guangzhou and
many relevant theories have indicated their potentials
to improve livability, the Guangzhou Sponge City Special

Planning does not mention the improvement of local
livability. But the plan does show the potentials of
improving the living environment aspect of livability,
while the social culture aspect is still out of consideration.
Solving these multi-dimensional spatial problems in
Guangzhou require cooperation between different
departments of the government like transportation
authorities and water authorities. However, these
departments have different wishes and requirements,
influencing the selection and application of design
measures. Under this context, there is a lack of an
integrated method to support the local government's
decision-making process by integrating and optimizing
existing tools of waterlogging mitigation.
Besides, waterlogging mitigation is thought to be
related to both catchment and street scales. The lack of
considering catchment scales may reduce the quality of
the water cycle in the whole system, while the neglect of
street scales will probably lead to useless interventions
(Demuzere et al., 2014). But presently the Sponge City
program in Guangzhou only conducts planning on the
catchment scale.
In summary, it lacks a toolbox of landscape infrastructure
to synthesize and optimize the tools in existing theories
about waterlogging mitigation under the context of
high-density urban areas. This toolbox should serve
as a decision-making supporting approach to consider
waterlogging mitigation on both catchment and street
scales and take local livability into account.

Table 2 Comparation of the Sponge City program in Guangzhou, Sustainable Drainage System and Blue-Green
Infrastructure
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1.5.

Research objectives

This thesis aims to develop a toolbox of landscape
infrastructure that is helpful to mitigate waterlogging
and improve livability in high-density urban areas by
using Guangzhou as a representative case. First of all,
this toolbox can provide a synthetical approach that
integrate and optimize design measures from the
catchment scale to the street scale. Secondly, it can adapt
to the high-density urban environment with dominant
grey infrastructures. Thirdly, it can provide multiple
functions including waterlogging mitigation and livability
improvement.
The result of this thesis aims to provide a reference of
constructing multifunctional landscape infrastructure
with low space requirement for other cities with high
density in terms of waterlogging mitigation and livability
improvement, and support the decision-making process
of the local government.

1.6.

Research questions

The main research question of this thesis is:
How can landscape infrastructure contribute to mitigating
waterlogging problems and also improving livability in
high-density delta cites, through developing and applying
the toolbox, using Guangzhou as an example?
Three sub-research questions are developed as follows:
1. What are the potential infrastructures that can be
retrofitted as landscape infrastructure to mitigate
waterlogging in Guangzhou?
2. What criteria of waterlogging mitigation and livability
improvement can be applied to the design of landscape
infrastructure in Guangzhou?
3. What toolbox of designing landscape infrastructure
can be developed to meet the criteria of waterlogging
mitigation and livability improvement in Guangzhou?
The design question is:
How to design landscape infrastructure to mitigate
waterlogging and improve livability by applying the
toolbox?
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2

Theoretical framework
This chapter introduces the concept of infrastructures, landscape
infrastructure, and water management. And the details of research
framework and methodology are also separately explained in this
chapter.
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2. Theoretical framework
2.1. I n f r a s t r u c t u r e s a n d l a n d s c a p e
infrastructure
Wa t e r l o g g i n g m i t i ga t i o n i s c l o s e l y r e l a t e d t o
infrastructures in cities. Infrastructure refers to the
basic public facilities and services that are necessary
for the functioning of society. It usually contains the
grey infrastructure such as roads and sewers, and social
infrastructure like hospitals and schools (Benedict and
MacMahon, 2002).
In contemporary, a new concept of infrastructure appears
– green infrastructure developed based on landscape
ecology principles (Herzog, 2016). In the domain of urban
planning and design, green infrastructure normally refers
to the network that connects urban green spaces and
provides ecological and social values for cities (Benedict
and MacMahon, 2002). This concept considers landscape
as a kind of infrastructure that can provide “green” and
multiple benefits.
In fact, conceiving landscape as infrastructure had
already emerged in the nineteenth century in Europe,
when parks were considered one of infrastructures
for healthy cities (Nijhuis and Jauslin, 2015). In 1996,
Strang (1996) first proposed the concept of landscape

as infrastructure. After that, Bélanger (2013) formally
defined landscape infrastructure as a method that
helps design multifunctional and high-performance
landscapes, containing traditional infrastructure systems.
Bacchin et al. (2014) regard landscape infrastructure as
a new way to retrofit nature in densely urbanized areas
to reach multi-purpose use of space. It is also seen as a
goal-oriented vehicle in which landscape is defined as an
operative field formulated by ecological and economic
processes (Nijhuis and Jauslin, 2015). In addition to this,
landscape infrastructure not only emphasizes holistic
networks, but also focuses on piecemeal objects (Hung,
2013).
Concepts of landscape infrastructure and green
infrastructure both consider landscape as infrastructure.
By comparing to green infrastructure, landscape
infrastructure has a broader concept and containing both
grey and green infrastructures (Nijhuis and Jauslin, 2015;
Figure 15).
In this thesis, landscape infrastructure is defined as an
integration of retrofitted green and grey infrastructure,
which can provide multiple functions.

Figure 15 The classification of infrastructures
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2.2. Traditional and sustainable water
management
The traditional urban stormwater management is mainly
accomplished by grey infrastructure (underground
pipes; Figure 16), which transfer runoff to water
treatment plants or directly into surface water (Berland
et al., 2017). It considers rainwater as redundant in
cities and tends to discharge it as quickly as possible.
Although traditional water management has made
corresponding achievements in history, it is considered
to have problems, including poor adaptability and high
maintenance cost (Pikaar et al., 2014; Nguyen et al.,
2019). With global climate change, traditional water
management gradually cannot deal with more and more
precipitations in cities.
In this context, the concept of sustainable urban
stormwater management arises, which contains new
theories such as Sustainable Drainage System, BlueGreen Infrastructure and Sponge City. Although these
theories have different names due to their developments
in different countries, they have a similar idea that
considers rainwater a resource and aims to manage
stormwater by simulating the natural water cycle in
natural ways (Fletcher et al., 2013; Figure 17). They tend
to manage stormwater at the source and reduce the
disturbance of urbanization on natural water balance
(Liao et al., 2017). Even though this kind of idea cannot

Figure 16 An example of the sewer drain in urban areas
(Hamby, 2018)
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wholly replace the underground drainage system in
cities, it can be a supplement to reduce the pressure on
underground pipe systems (Shuster et al., 2008).
This thesis will use two practices that are based on the
theories of Sustainable Drainage System and Blue-Green
Infrastructure as the reference cases.
The Sustainable Drainage System (SuDS) is proposed
in the UK. It advocates that the rainwater should be
managed by simulating natural drainage system on
street scales, and it provides many tools for waterlogging
mitigation. These tools contain green infrastructures such
as natural basins and grey infrastructures such as street
rills. They will be further discussed in reference case
studies. Most of these tools have small scales and can
be implemented in urban areas. This theory also roughly
indicates its possibilities of improving the livability of the
living environment.
The theory of Blue-Green Infrastructure (BGI) originates
from the US. It originally refers to the green network
in cities. In 2012, people in the US EPA and others
realized its potentials of mitigating waterlogging
and further defined it as a network of stormwater
management (Fletcher et al., 2015). It focuses on using
green infrastructures in the urban environment to
manage rainwater and improve the livability of the living
environment on catchment and street scales.

Figure 17 An example of the Sustainable Drainage System
(ICE, 2019)

2.3.

Research framework

With the increasing complexity in landscape architecture
research, Lenzholzer et al. (2017) believe that a closer
relationship should be constructed between designs and
research. They elaborate on the implications of three
design research in landscape architecture, including
Research on design, Research for design and Research
through design. Research on design refers to reflections
on existing landscape designs, while Research for design
tends to obtain the knowledge required by landscape
designs in terms of nature, society, etc. Research through
design considers designing as a valid research method to
generate new knowledge (Lenzholzer et al., 2017).

development in Guangzhou, some basic tools are
selected. These processes are all conducted based
on current situations of the environment and existing
theories.
On the stage of RTD, the basic tools are combined with
potential infrastructures and form many combinations.
These combinations are evaluated based on the
criteria of landscape infrastructure development. Then
8 combinations are selected and summarized as the
toolbox. This toolbox will be further applied in designs on
the catchment and street scales, which aims to evaluate
the toolbox in terms of the criteria of waterlogging
mitigation and livability improvement.

The whole research in this thesis can be classified into
two categories. The first two sub-research questions
belong to Research for design (RFD), while the design
question will apply Research through design (RTD) (Figure
18). Besides, the third sub-research question is related
to both RFD and RTD, since it contains both reference
case studies and designs. The following Figure 19
demonstrates the whole research process.
On the stage of RFD, the potential infrastructures for
retrofit can be summarized as the answer for SRQ1. Then
by literature review, criteria and their related scales are
studied and concluded. After that, based on reference
cases and the criteria of landscape infrastructure

Figure 18 Process of RTD in this thesis
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Figure 19 Research framework
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2.4.

Methodology

2.4.1.

Overview of methods

For answering the research questions and the design
question, different methods are used in this thesis. Table
X gives an overview of methods in the thesis according

Table 3 Overview of methods for each question
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to questions. It includes the name of methods, relevant
materials and the possible outcomes. Some of the
methods are used in two different questions. And some
outcomes serve as materials of other questions. Each
method will be further explained in the next section.

2.4.2.

Methods

This section provides more detailed descriptions for each
method that used in this thesis.
Site visit
The site visit to Guangzhou lasts for two weeks, mainly
in the central urban area, especially in Tianhe district.
The site visit aims to understand the urban environment
and culture of Guangzhou and experience the daily life
of local people. During the site visit, many infrastructures
such as streets and dikes are observed and recorded,
while the local water landscapes such as canals and
lakes are visited. This process helps identify waterlogging
and livability issues and strategic locations for design,
summarize potential infrastructures for retrofit, and
design landscape infrastructure that is consistent with
the local environment.
Interview
Two interviews are conducted in Guangzhou during the
site visit. The interviewees are experts in Guangzhou
Water Authority and Huaian Water Conservancy Survey
Institution. The interviews with them aim to understand
the existing defense of fluvial and pluvial floods in
Guangzhou and discuss the possibilities of retrofit on
dikes. The outcome of the interviews contributes to
gaining knowledge of waterlogging in Guangzhou and the
summary of the potential infrastructures.
Literature review
Literature review is a frequently used method in
academic research. The literature review of this thesis is
mainly about gaining knowledge of the Pearl River Delta,
Guangzhou, Tianhe district, landscape infrastructure,
waterlogging and livability. So articles related to these
topics are studied. It aims to give this research insights
into the context, problems and theories which are
necessary for the research and designs. This process
helps construct the framework of the thesis, select the
test site and develop the criteria.
Reference case
For developing the toolbox, it is helpful to study reference
cases that experts have already researched, because
they can provide practical benefits and limitations of
landscape interventions. According to the knowledge
gap and research of infrastructures and waterlogging
problems in Guangzhou, Copenhagen Cloudburst
Mitigation Plan and Sustainable Drainage System in

London are selected as two reference cases in this thesis.
Because they have relatively similar urban environments
with Guangzhou including relatively dense constructions
in the Europe and overloaded drainage systems. And
they separately represent the theories of Blue-Green
Infrastructure and Sustainable Drainage System. From
these cases, several tools can be summarized as the basis
of developing the toolbox.
Site analysis
The site analysis uses the elevation data, topography
map, land use map and the list of waterlogging risk points
in Guangzhou to understand the landscape and problems
of the test site, while this process also aims to explore
the possible locations for retrofit on the catchment
scale. According to the design concept developed in this
thesis, the site analysis contains three aspects: low-lying
area, flow pattern and infrastructure. These analyses of
the test site finally contribute to the application of the
toolbox on the test site.
The analyses of the low-lying area and the flow pattern
are realized through ArcGIS based on the Digital Elevation
Model (DEM) with 0.5m accuracy. Firstly, according to
the guided lesson of Learn ArcGIS called "Find areas at
risk of flooding in a cloudburst" (Esri, 2020), low-lying
areas on the site can be obtained. This lesson asks to use
the Fill tool to fill sinks less than 0.05m deep, considered
potential mistakes on the DEM. Then all sinks on the
site have to be filled by applying the Fill tool again. After
that, the Minus tool can be used for subtracting the first
result from the second one to get the raster dataset
showing valid low-lying areas. Notably, this analysis only
considers landforms and does not take the influence of
drainage pipes, evaporation, and infiltration into account.
Secondly, concentrated flowing areas of stormwater on
the test site can be analyzed by the hydrological toolset
in ArcGIS (Esri, 2016). First of all, the Flow direction
tool will be used on DEM to obtain flow directions on
each cell (unit in ArcGIS). Then based on that, the Flow
accumulation tool can identify the accumulated flow on
each cell and use gradient colors to show the number
of accumulations, representing the flow pattern of the
rainwater.
Design experimentation and evaluation
The design experimentation is used as a way of research
to develop the preliminary toolbox. It combines
the basic tools from reference cases and potential
infrastructures in Guangzhou, which aims to explore the
space requirement of the toolbox. After this process,
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some combinations can be obtained for each type
of infrastructures. Then those combinations can be
evaluated and selected based on the criteria of low
space requirement to form the preliminary typologybased toolbox. This toolbox is further evaluated in terms
of the criteria of waterlogging mitigation and livability
improvement developed in SRQ2. The evaluation aims to
find out each tool's capacity of waterlogging mitigation
and livability improvement, based on the designing
processes and results. Through designing, this research
can explore and conclude that which tools can meet a
certain criterion. The outcome of the evaluation can help
other people to use the toolbox as needed.
Design through scales
For evaluating the toolbox, it needs to be applied on the
test site. And according to the analysis on criteria, the
design should be conducted on both the catchment and
street scales. So this thesis uses the method of design
through scales to apply and evaluate the toolbox. Firstly
the toolbox is applied on the catchment scale based on
the analyses, which leads to the master plan. On this
scale, tools can be evaluated according to some criteria.
Then to finish the evaluation, several exemplary areas
are chosen for detailed designs. This process helps to
evaluate the toolbox on the street scale.
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3

3

Potential infrastructures
for retrofit
In this chapter, four potential infrastructures that can be retrofitted
towards waterlogging mitigation are proposed. Their classifications and
characteristics are separately studied.
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3. Potential infrastructures for retrofit
The potential grey and green infrastructures that can be
retrofitted for waterlogging mitigation will be analyzed
to answer the first sub-research question. These existing
infrastructures have not been fully used for preventing
waterlogging in the central urban area.

processes, so the retrofits are not realistic. And tunnels
in Guangzhou usually are constructed underground. They
are too low to simulate the natural water system.

Based on the site visit in Guangzhou and interviews
with people in the water authorities, the potential
grey infrastructures can be summarized as streets and
plazas, while the potential green infrastructures are
green space and canals. In the following, details of these
infrastructures and their characteristics will be discussed.

Streets usually play an important role in cities, which
takes a large part of urban public space. They not only
provide daily transportation for local people, but also
reflect a city’s landscapes. In Guangzhou, the carriageway
is the most important traffic facility, since driving is the
primary mobility method for local people. Four types
of streets can mainly be summarized based on their
structures (Table 4).

There are some other infrastructures in Guangzhou, such
as the dike of the Pearl River (Figure 20) and the tunnel
(Figure 21). However, according to the interview with
people from Guangzhou water authority, the whole dike
has strict construction regulations and management

3.1.

3.2.

Plaza

Plazas in Guangzhou mainly refer to front open space of
business and commercial buildings or parking lots (Table
5). Historical plazas have their cultural value so that they
will not be discussed in this thesis.
3.3.

Figure 20 The dike of the Pearl River

Street

Green space

Green space in this thesis refers to urban parks belonging
to the public realm and provide comprehensive serves,
including unutilized areas filled by vegetation, and
green buffers next to streets (Table 6). Except for parks
of artificial lakes mainly located in old districts, other
parks have not been used for stormwater storage in
Guangzhou, even though they have great potentials.
3.4.

Canals

Canals are part of the drainage facilities in Guangzhou
and provide discharge passages for rainwater. However,
the total length of canals in the central urban area
gradually decreases in recent years. Two types of canals
can mainly be divided into those with and without
pedestrian lanes in the central urban area in Guangzhou
(Table 7).

Figure 21 An example of the tunnel in Guangzhou (Baidu,
2020)
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Table 4 Analysis of streets in Guangzhou (Photo source: Baidu, 2020)

Table 5 Analysis of plazas in Guangzhou (Photo source: Baidu, 2020)
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Table 6 Analysis of green space in Guangzhou (Photo source: Baidu, 2020)

Table 7 Analysis of canals in Guangzhou (Photo source: Baidu, 2020)
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4

4

Criteria development
This chapter explores the criteria that the toolbox developed in this
thesis should meet. They contain the criteria of landscape infrastructure
development, the criteria of waterlogging mitigation and the criteria
of livability improvement. These criteria are also related to different
scales.
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4. Criteria development
4.1. Criteria of landscape infrastructure
development
For developing the toolbox of landscape infrastructure, it
is necessary to explore tools of waterlogging mitigation
that are suitable in the high-density urban area in
Guangzhou from existing theories about sustainable
water management. So some basic tools will be selected
from reference cases to develop the toolbox. Under this
context, the developed tools should meet some criteria
of landscape infrastructure development in Guangzhou.
Firstly, according to the knowledge gap mentioned
before, the retrofit of both grey and green infrastructures
in high-density urban areas should be considered. So
the selected tools should be relevant to public grey and
green infrastructures in Guangzhou including streets,
plazas, green space and canals. It means that some
private or corporate constructions such as water tanks
or green roofs will not be considered. On the other
hand, since the developed landscape infrastructure by
the toolbox is also expected to improve environmental
and socio-cultural livability in Guangzhou, the selected
basic tools should also have the potentials of livability
improvement. Although the used theories about
sustainable water management in this thesis only roughly
consider livability, their existing practices in developed
countries in reference cases can still give references for
contributions of these tools to livability improvement.
S e co n d l y, t h e d eve l o p e d to o l b ox o f l a n d s ca p e
infrastructure should also have low space requirement
for adapting to the high-density urban environment.
Although the space requirement of theories about
sustainable water management is not widely discussed, it
becomes a challenge in practices, which mainly exists in
high-density urban areas (Li et al., 2017). The retrofit of
current grey and green infrastructures will influence their
functions to some extent. For example, the construction
of infiltration areas on pedestrian lanes will reduce the
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space for walking, which will probably influence traffic
efficiency. So the influence of applying the toolbox on
existing infrastructures should be minimized as much as
possible. The best solution is that the toolbox does not
affect the function of existing infrastructures. A common
example is that the existing green parks can be retrofitted
as rainwater retention areas without extra influence on
their recreational functions. However, this is not always
available in high-density urban areas since they have
more grey infrastructures such as streets and plazas but
limited green infrastructures. Based on this situation, the
retrofit on pedestrian areas or parking areas of existing
infrastructures is also a medium solution in high-density
urban areas. Because comparing to it, since driving is
the most important traffic method in Guangzhou, the
carriageway’s transformation to other functions has the
largest influence on current infrastructures.
In summary, to construct landscape infrastructure in
Guangzhou, the developed toolbox should meet the
criteria including:
•

Relevant to public grey and green infrastructures;

•

Relevant to livability improvement;

•

Low space requirement: no requirement; requiring
space of pedestrian or parking zones; requiring
space of carriageways.

4.2. Criteria of waterlogging mitigation in
Guangzhou
IIn this thesis, the basic tools will be selected from
reference cases and be combined with local potential
infrastructures to develop the toolbox. Although the
reference cases can provide information of basic tools, it
is still unknown how the developed toolbox can mitigate
waterlogging in Guangzhou. So it is necessary to figure
out what criteria can mitigate waterlogging in Guangzhou
and which tools can meet the criteria. These criteria will
be used for evaluating each tool in the toolbox through
designs.
For researching the criteria of waterlogging mitigation,
the reasons of waterlogging in Guangzhou are firstly
studied. They can be attributed to two aspects:
increasing impervious surfaces and insufficient drainage
infrastructure.

Increasing impervious surfaces
Increasing impervious surfaces is considered the
dominant reason for urban waterlogging (Yu et al.,
2018). Because the impervious surfaces with very low
infiltration capacity gradually replace the natural green
space, which destroys the natural water balance (Zhang
et al., 2020). In Guangzhou, the fast urbanizing process
leads to a rapidly growing population that asks for
intensive built environments (Figure 22). By 2015, the
impervious surfaces have taken up 87% of the ground in
the central urban area (Wang et al., 2017) (Figure 23).
Although the local government is working on adding
more green spaces, the difficulty is that space used for
developing greenery in the central urban area is limited
and the transformation of other land uses is expensive
(Xiao et al., 2009). The fierce competition of lands
and the economic-oriented development restrict the
construction of centralized green areas.

Figure 22 Urban expansion in the central urban area from 1990 to 2020 (Google, 2021)

Figure 23 Percentages of different types of surfaces in the central urban area (Based on Wang et al., 2017)
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Insufficient drainage infrastructure
The drainage system in Guangzhou usually uses
underground pipes to collect runoff and uses gravity
to discharge it. The collected runoff will flow into
wastewater treatment plants or nearby canals (Figure
24). In the places where gravity is hardly useful, rainwater
pumping stations will be constructed. In the central
urban area, 231 canals are existed at present, while nine
wastewater treatment plants are working (Wang et al.,
2017).
However, on the one hand, the current sewage system
in the central urban area has low design criteria and
is not sufficient for most precipitations in Guangzhou
(Guo and Deng, 2011; Wang et al., 2017). In addition to
this, the drainage system in the central urban area in
Guangzhou is relatively disordered. Old districts normally
have combined sewer systems, while newly developed
districts have rain and sewer diversion systems. Due
to the desynchrony between municipal and business
constructions, the drainage system in Guangzhou
becomes a mixture of these two, which means some
rain pipes are also connected to sewers or combined
pipes (Figure 24). This condition aggravates the pressure

Figure 24 Current drainage process

on water treatment plants during precipitations and
decreases the rainwater drainage speed. However, it is
proven that the re-construction of the sewage system
has high costs in terms of economy and society (Li et al.,
2015).
On the other hand, with urbanization, most previous
canals and rivers in the central urban area of Guangzhou
have been replaced by roads or other constructions
(Francesch-Huidobro et al., 2017) (Figure 25), which
results in a sparse river network and changes the water
environment. The discharge passages disappeared in
some areas (Chen et al., 2017). So that the connectivity
of water between urban areas and the Pearl River
sharply decreases. The areas that lost canals have to
use underground pipe to discharge rainwater into other
surviving canals, which reduces the discharging efficiency.
The existing canals are insufficient for dealing with more
intense rainwater in spatial distribution and quantity.

To mitigate waterlogging, this thesis will focus on dealing
with these two reasons.
Firstly, the impervious surface is the main reason
for waterlogging in urban areas. In nature, a part of
precipitation is absorbed by plants and released through
evapotranspiration, while the other part infiltrates
underground. Only a tiny part of rainwater forms runoff
and flows into natural catchments. This process creates
the natural water balance. However, with the formation
of cities, the construction of streets and buildings leads
to more impervious surfaces and less vegetation, which
disturbs the natural water balance (Lemonsu et al., 2007;
Figure 26). When the same amount of precipitation
arrives ground, a large volume of runoff is generated
due to a significant decrease in evapotranspiration
and infiltration. This runoff is supposed to flow into

Figure 25 The comparation of river network between 1995 and 2020 in an area of Guangzhou (Left: Liu, 2015)
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the urban catchment that usually refers to the urban
drainage system. But this system has a limited capacity
of dealing with runoff. The runoff has to accumulate on
streets temporarily, which forms waterlogging in cities.
So, the decreased infiltration and evapotranspiration are
responsible for waterlogging in urban environments. In
terms of this, to mitigate waterlogging, it is necessary
to increase rainwater release, which includes infiltration
and evapotranspiration. Among them, the infiltration
is mainly influenced by permeable surfaces, while the
evapotranspiration mainly relies on trees.
Secondly, the insufficient drainage system is another
reason for waterlogging in Guangzhou. Figure 27 shows
how rainwater accumulates on streets and causes
inconvenience in urban areas. During precipitation,
rainwater is firstly collected by rainwater storage facilities
which refer to lakes, canals and sewers in cities. At the
same time, the rainwater in these facilities is gradually
discharged into water treatment plants and natural
outlets such as rivers. After the drainage speed cannot
catch the collecting speed in these facilities, rainwater
starts to flow on streets, which will not immediately

lead to inconvenience for people. But if the precipitation
is too heavy, the rainwater will keep accumulating on
streets and finally cause inconvenience or damage. Based
on this, it is necessary to slow down the flow of rainwater
to streets by expanding storage facilities and increase
the drainage speed. When relating these to landscape
infrastructure, the criteria refer to increasing rainwater
retention in urban areas and creating more rainwater
transportation routes towards outlets.
Therefore, the criteria of waterlogging mitigation can be
summarized as:
Increase rainwater release (infiltration and
evapotranspiration)
Increase rainwater retention

Increase rainwater transportation

Figure 26 Natural and urban water balance (Based on Hoban and Wong, 2006)

Figure 27 Stormwater accumulation process on streets (Based on Luijtelaar, 2015)
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4.3. Criteria of livability improvement in
Guangzhou
For exploring which tools can improve livability in
Guangzhou, the criteria will be researched based on
the existing situation of livability in Guangzhou. When
starting from the perspective of landscape architecture
and the sensitive water environment in delta areas,
this thesis will mainly focus on the aspects of living
environment and social culture.
Living environment: lack of recreational green space
In terms of the living environment, the insufficient
recreational green space in the central urban area is the
main problem. The recreational green space refers to the
green area where people can have recreational activities
such as walking and resting. The increasing crowded city
requires many lands for residential use and infrastructure
construction, leading to the decrease of recreational
green space, especially in the central urban area (Dong,
2013). Cai et al. (2011) analyzed that the recreational
green space only took up 6.5% of the land in the central
urban area in 2011. The lack of recreational green space
mainly happens in the newly developed districts such

as Tianhe district. Because old districts such as Liwan
district have longer histories of developing parklands and
also earn more attention during urban renovations (Jiang
and Zhou, 2011). Therefore, to improve livability in this
aspect, it is necessary to increase the green space that
has recreational functions.
Social culture: disappearance of dynamic water
landscapes
The fast urbanization also decreases the socio-cultural
livability in Guangzhou. The research of Gong (2017)
reflects the negative influence of disappearing water
culture on livability in Guangzhou. As a city born in the
delta area, Guangzhou has a long history of developing
with water. Local people considered water as part of
their lives, and lived with dynamic water such as rivers
and rains (Figure 28). For example, they developed a
dike-pond system (Figure 29) to maximize agricultural
production by using water dynamics, while a traditional
children’s song describes the scene that rainwater
inundates streets. Nowadays, due to urbanization in
the central urban area, many water landscapes and
these water-human interactions have disappeared,
which leads to the loss of sense of belongings to the city

Figure 28 Houses next to rivers in Guangzhou in
1880 (Brown, 1880)

Figure 29 The dike-pond system in suburban areas
in Guangzhou (Zaowen, 2017)
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Figure 30 An example of dynamic rainwater landscapes (LCLA,
2008)

(Gong, 2017). However, the reconstruction of natural
water landscapes seems difficult in today’s high-density
urban areas due to the crowded environment and high
price of land transformation. Therefore, to improve the
livability of social culture, a more reasonable measure
is to construct new water landscapes that can provide
experiences of dynamic water for people (Figure 30),
which aims to keep this characteristic of Guangzhou.
When relating this to waterlogging mitigation, it mainly
refers to the dynamic of rainwater.
In summary, the criteria of livability in Guangzhou can be
concluded as:

Provide recreational green space
Provide experiences of dynamic rainwater
landscapes

4.4.

Scales of the criteria

The criteria of waterlogging mitigation and livability
improvement are relevant to different scales (Figure 31).
For waterlogging mitigation, this thesis indicates three
criteria for landscape infrastructure: increasing rainwater
release, increasing rainwater retention and increasing
rainwater transportation. The rainwater release refers
to infiltration and evapotranspiration, which are natural
processes happening on soils and trees. Since these
processes are embodied in detailed design elements,

this criterion is relevant to the street scale. Rainwater
retention has relationships with the catchment scale.
The increase of rainwater retention space will slow down
the processes of rainwater flowing into sewers on the
whole catchment. However, this also depends on the
details of the retention space design on the street scale,
such as the depth. So this criterion is related to both
the catchment and street scales. Increasing rainwater
transportation refers to creating more passages to
transport rainwater into the outlet. It requires planning
on the catchment scale to ensure the operation of the
whole transportation system. Therefore, this criterion is
based on the catchment scale.
In terms of livability improvement, the criteria include
providing recreational green space and experiences
of dynamic rainwater landscapes. Among them, the
evaluation of providing recreational green space depends
on the size of the sites. For some tools, it might be hard
to judge whether they provide recreational green space
or not without designs on the street scale, while some
other tools can be easily evaluated on the catchment
scale. So this criterion will be considered on both the
catchment and street scales. On the other hand, the
provision of the experiences with dynamic rainwater
landscapes is only relevant to the street scale because it
is closely related to the changing levels of rainwater in
relation to human experiences, which can only be seen
on the street scale. So, to meet this criterion, the design
on the street scale is necessary.
Therefore, the toolbox developed in this thesis will be
evaluated based on these criteria by conducting design
on both the catchment and street scales.

Figure 31 The relevance of the criteria to different scales
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5

Toolbox development
This chapter looks through two reference cases and selects basic tools
from them. These basic tools are further combined with potential
infrastructures from the chapter 3. After evaluating these combinations,
the preliminary toolbox will be developed.
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5. Toolbox development
5.1.

Reference case study

Based on the knowledge gap and the types of potential
infrastructures in Guangzhou, the Copenhagen
Cloudburst Management Plan and Sustainable Drainage
System in London are selected for the case study in
this thesis. Both of them tend to provide small tools
in the urban environment to mitigate waterlogging.
The similarities of them with Guangzhou are that
Copenhagen and London also have relatively dense
constructions among Europe, and that their drainage
systems are overloaded.
Copenhagen Cloudburst Management Plan (Ramboll
Studio Dreiseitl, 2016)
Ramboll Studio Dreiseitl develops the Copenhagen
Cloudburst Management Plan after the severe damage
caused by the cloudburst in 2011. It creates blue and
green solutions to mitigate waterlogging by modelling,
mapping and developing cloudburst toolbox in urban
areas. The core concept of this plan is to spread the
pressure of discharging runoff from underground pipe
system to streets by developing green space on streets. In
this plan, rainwater is collected, stored and transported
by green space on streets, and providing an interactive

experience for local people.
This plan shows possibilities and inspirations of
retrofitting infrastructures to this research in several
aspects. Firstly, to collect and transport rainwater, this
plan proposes a typology-based toolkit (Figure 32)
containing common infrastructures in urban areas,
including plazas, parks, boulevards, etc. For each type
of infrastructures, the toolkit has one or more solutions,
which shows the universal applicability of the toolbox
in the city. This method is used as a reference to create
the toolbox for waterlogging mitigation in Guangzhou.
Secondly, this plan introduces an unusual street type with
the V profile to store and direct excess runoff to open
areas such as parklands, while maintaining transport
function as much as possible. This V-profile street serves
as storage space (Figure 33), which provides a new
direction for retrofitting streets. Lastly, it demonstrates
the possibility of combining the current pipe drainage
system and aboveground blue-green solutions. The single
usage of green infrastructures has its limitations, such
as large occupied areas, while combining these two can
decrease construction cost and create new public space.
This combination will be considered in the toolbox of this
thesis.

Figure 32 A typology-based toolkit of cloudburst mitigation (ASLA, 2016)
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Figure 33 An example of the street with V profile (ASLA, 2016)
Sustainable Drainage System (SuDS) in London (J & L
Gibbons with Civic Engineers et al., 2016)
Due to the higher and higher risk of waterlogging in
London, the government proposes to use sustainable
drainage systems to decrease the pressure on sewer
systems and manage rainwater sustainably. Under this
context, the Transport for London (integrated transport
authority) develops design guidance of SuDS in London
to show possibilities of incorporating SuDS in the public
realm in London and encourage authorities to integrate
SuDS into streetscapes.
The strategy of waterlogging mitigation in this guidance
focuses on collecting and infiltrating rainwater next to
where it falls by providing SuDS components, including
grey and green solutions. It also takes improving water
quality, amenity and biodiversity into account. Among
them, amenity is related to the livability improvement in
terms of the living environment. The SuDS components
mainly include green roofs and green walls, storage tanks,
permeable pavements, tree trenches, bio-retention
system, filter strips and drains, detention basins, hard
basins, swales, infiltration system, ponds and channels.
In addition, this guidance also shows how these
components can be integrated into streetscapes

46

of London that are divided into eight types. These
streetscapes contain roads surrounded by undeveloped
lands, important and busy commuting routes, business
and cultural center, local roads with high-quality
pedestrian and cycling lanes, local center with shops
(Figure 34), normal residential roads, shopping streets in
residential areas and civic squares.
This guidance provides a reference to waterlogging
mitigation on the street scale. Firstly, it provides several
designing components that can be implemented on
streets, containing permeable paving, swales and
channels etc. The guidance also illustrates the existing
practices of these components and their benefits for
waterlogging and livability. These components will be
the reference of basic tools for developing toolbox in this
thesis. Secondly, it proposes the designing exploration
based on typical street types in London. It provides a
method of linking and adapting components to specific
environments. This method is used for generating the
toolbox in this thesis.
Table 8 shows comparations of these two reference
cases in terms of scales, objectives, outcomes and
enlightenments.

Figure 34 An example of designing exploration of one type of streets (J & L Gibbons with Civic Engineers et al., 2016)

Table 8 Comparation of two reference cases
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5.2.

Selection of tools from reference cases

By synthesizing similar tools, ten different tools
for waterlogging mitigation in urban areas can be
summarized from reference cases (Figure 35). Since the
reference cases have already provided some applications
and analyses of each tool, according to the former two
criteria of landscape infrastructure development, these
tools can be assessed based on their relevance to grey

and green infrastructures, and relevance to livability
improvement in terms of the living environment and
social culture (Table 9).
These ten tools include green roof and wall, natural ditch,
permeable strip, hard rill, bioretention planter, permeable
pavement, street channel, water tank, natural retention
basin and hard retention basin. The green roof and wall
usually refer to structures on private or commercial

Figure 35 Photos of tools from reference cases (Green roof: Danielle Car, 2015; Natural ditch: DEP Montgomery County,
2013; Street channel: Ramboll Studio Dreiseitl, 2016; Water tank: Polymaster Pty Ltd; Other photos: J & L Gibbons with
Civic Engineers et al., 2016)

Table 9 The assessment of tools from reference cases
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Table 10 Basic tools and the

buildings and can improve the living environment. But
this thesis only considers public facilities as the grey and
green infrastructures including streets, plazas, green
space and canals that can be retrofitted, so the green
roof and wall are not relevant. This situation is also the
same to the bioretention planters and water tanks that
both belong to attachments of buildings, in which the
water tank, as the hard constructions, is also not relevant
to environmental or social-cultural livability. The hard
rill refers to small and open-surface water channels
with hard pavement in cities. Although it is relevant to
grey infrastructures, as discussed in the reference case
of SuDS in London, the hard rill has little improvement
on the urban environment. So it is considered as not
relevant to livability in this thesis. The permeable
pavement contains many different forms such as block
paving and bituminous pavement, which is used to
infiltrate rainwater. As shown in the existing applications
in the SuDS in London, the permeable pavement focuses
more on the infiltrating function but not the livability of
the environment and social culture.
According to Table 10, five tools are selected as basic
tools, which all can meet the former two criteria of
landscape infrastructure development. They include the
natural ditch, permeable strip, street channel, natural
retention basin and hard retention basin. Table X gives
properties and descriptions of these basic tools.

5.3.

Exploration to low space requirement

E x p e c t f ro m t h e re l e va n c e t o g re y a n d g re e n
i nf ra st r u c t u re s a n d t h e re l eva n c e to l i va b i l i t y
improvement, the low space requirement is the other
criterion of developing the preliminary toolbox. This
criterion can be classified as “no requirement”, “requiring
space of pedestrian and parking zones”, and “requiring
space of carriageways”, which are ranked from the
optimal to the last.
Some combinations can be developed by linking five
basic tools to potential infrastructure types in Guangzhou
(Table 11). Since the three types of green space in
Guangzhou are similar, they are synthesized as one type.
It is also important to note that not every basic tool is
appropriate for each infrastructure. And one basic tool
can probably form more than one combination under
one infrastructure type. Blank areas indicate that the
basic tools and infrastructures are difficult to combine
because the infrastructure poorly meets the applying
conditions of that basic tool.
For each combination that is developed in this step,
its space requirement is evaluated according to “no
requirement”, “requiring space of pedestrian or parking
zones”, and “requiring space of carriageways” (Table 11).
The combinations with “no requirement” and “requiring
space of pedestrian or parking zones” will be selected as
the preliminary toolbox. However, since there is only one
type of combination under the canal, this combination is
still selected even though it is considered as “requiring
space of carriageways”.

eir properties and descriptions
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Table 11 The exploration and evaluation of tools with low space requirement

5.4.

Preliminary toolbox

Since some of combinations in Table 11 are similar to
each other, they are summarized as one. For example,
the combination of the natural ditch and the main
boulevard is similar to the combination of the natural
ditch and the secondary boulevard, so that these two are
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considered as one called the natural street. The other
example is that the combinations of the green space with
the natural ditch and the natural retention basin have
no decisive difference, so they are summarized as the
retention park.
Based on the exploration of the low space requirement

and the summarizing process, eight combinations are
selected as the preliminary toolbox. They contain natural
street, bilateral-green street, middle-green street, water
street, natural canal, retention park, green plaza and
water plaza. These tools are all refer to the retrofit of
existing grey and green infrastructures in urban areas and
tend to occupy less space. The toolbox and descriptions

with applying conditions for each tool are demonstrated
in Table 12.
The natural street tends to retrofit the existing green
space such as green belts in the middle of the streets
into the natural ditch. This ditch can be shallow or
deep, which depends on the condition of the ground.
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The bilateral-green street refers to the transformation
from the pedestrian zones to the permeable strips, so
that it is only suitable for unbusy and wide pedestrian
lanes. This tool retrofits the part of the grey space into
the green space, which decreases the area for walking
but adds the space for water. The middle-green street
requires the streets with curb parking zones. The retrofit
of these zones into the green space will not influence the
existing car lanes, but the decrease of the parking space
will probably negatively influence the transportation
due to illegal parking. The water street is only suitable
for unbusy and small streets with speed limits because
it needs to construct gradient lanes which is not safe for
high-speed driving.

The retention park is used to transform existing green
space into natural retention basins or natural ditches,
which depends on the shapes of green space. This
transformed space can serve as community parks that
provide recreational functions.

The natural canal will retrofit the carriageways along
the canal into green space to construct natural river
landscapes with gradient natural slopes. It probably
can expand the canal when the space is enough for
constructing slopes with certain inclinations.

This toolbox will be applied in designs on the catchment
and street scales on the test site, which aims to evaluate
each tool according to the criteria of waterlogging
mitigation and livability improvement in Guangzhou.

Table 12 The preliminary toolbox and descriptions
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The green plaza tends to retrofit some of the hardpaved grey areas into permeable strips. This retrofit will
decrease the space for walking or car parking. The water
plaza will retrofit the existing plaza into sinking areas
that can be used as hard retention basins. This tool is
only feasible for areas that only serve for people walking.
Because the rainwater retention in parking lots will
probably inundate cars, which leads to asset losses.

6

6

Application and
evaluation of the
toolbox
In this chapter, the toolbox developed in the chapter 5 is applied on
the test site on the catchment and street scales. Then these designs are
evaluated based on the criteria of waterlogging mitigation and livability
improvement concluded in the chapter 4.
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6. Application and evaluation of the toolbox
6.1.

Catchment scale designs

6.1.1.

Design concept and site analysis

For designing landscape infrastructure that can meet
the criteria of waterlogging mitigation, it is necessary
to create space for rainwater transportation, retention
and release. In terms of the spatial perspective, the
collected rainwater not only can be transported by
landscape infrastructure to outlets, but also can be
retained in facilities and released by infiltration and
evapotranspiration. These processes form the design
concept that is shown in Figure 36.
According to the criteria of waterlogging mitigation, the
transportation and retention of rainwater are related
to the catchment scale. The increase of rainwater
transportation requires constructing a network used for
developing drainage system aboveground. So the analysis
of the surface flow pattern is necessary. The rainwater
retention is relevant to both the catchment and street
scales, located in low-lying areas to retain rainwater
temporarily. It requires the analysis of low-lying areas.
At the same time, to apply the toolbox, the grey and
green infrastructures on the test site should also be
analyzed. Therefore, there are three analyses on the test
site: flow pattern analysis, low-lying area analysis and
infrastructure analysis.

Based on that, the Flow Accumulation tool can calculate
how many runoffs can flow into one cell. This process
forms tree-like flow patterns and six rainfall catchment
areas (Figure 37). The amount of flow accumulation in
each waterlogging risk area can be shown by overlaying
these areas on the map. The area with higher flow
accumulation (darker blue) will converge more rainwater,
while rainwater on the area with white color will
theoretically flow out to other places. So the rainwater
transportation routes should be designed in blue areas.
Low-lying area analysis
The site is high in the northwest and low in the
southeast, while it is fluctuating and has low-lying areas.

Flow pattern analysis
This analysis indicates the flow direction of runoff on
the test site. This information helps construct rainwater
transportation routes.
The Flow Direction tool in ArcGIS can divide the flow
direction of the runoff on each cell into eight directions.

Figure 36 Diagram of the design concept for waterlogging mit
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The low-lying areas refer to places that are lower than
the surroundings.
When the local drainage system is overloaded, these
areas can quickly accumulate rainwater and possibly
forms waterlogging in the end. But seeing from another
direction, these low-lying areas are also suitable for
rainwater retention. So, it is necessary to analyze lowlying areas on the site, which can be realized by using
the Fill tool in ArcGIS. As the conclusion of this analysis,
Figure 38 demonstrates several low-lying areas in each
rainfall catchment.
Infrastructure analysis
This analysis shows locations of infrastructures, including
streets, canals, plazas and green space on the test
site (Figure 39). It is benefit for the application of the
typology-base toolbox developed in chapter 5.

on the test site. It can be seen that most of them are
short, which is caused by covering and cutoff during
urbanization. Although the green space is located on
the site, they are not used for waterlogging mitigation
and usually only have single functions such as separating
streets. The green space is mainly located on the western
part of the site, and there is only one park on the site.

Based on the analyses above, the design concept can
be implemented on the test site in Figure 40. Five main
rainwater transportation routes can be developed with
their branches. Furthermore, several infrastructures are
overlapped with low-lying areas, which can be used for
rainwater retention.

Among grey infrastructures, streets have been fully
developed with different numbers of carriageways, while
various sizes of plazas are distributed on the site. In
terms of green infrastructures, there are several canals

tigation in urban areas
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Figure 37 Flow pattern analysis

Figure 38 Low-lying area analysis
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Figure 39 Infrastructure analysis

Figure 40 Design concept on the test site
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6.1.2.

Application of the toolbox and evaluation

According to the design concept, the preliminary
toolbox can be applied on the test site, which forms

Figure 41 Strategy plan
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the strategy plan in Figure 41. Firstly, different tools
are selected in terms of different infrastructure types
on the design concept map. Then based on the current
situations of infrastructures, the feasible tools are

applied. The consistence of the landscape and the
connections between different tools are also taken into
account. In the end, the strategy plan constructs new
rainwater passages by retrofitting existing green and

grey infrastructure to increase drainage efficiency while
creating space for rainwater retention. At the same time,
it demonstrates how small tools can retrofit existing
infrastructures to develop a system of waterlogging
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Figure 42 The bird’s view of the master plan (Yellow areas refer to the retrofitted hard grounds)
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mitigation with low space requirement in high-density
urban areas. Figure 42 gives a bird’s view of the master
plan.

Table 13 Evaluation of the toolbox according to the crite

Based on the design of the catchment scale, the
evaluation of the toolbox can be conducted (Table 13).
This evaluation only contains the criteria related to the
catchment scale, which includes increasing rainwater
transportation, increasing rainwater retention and
providing recreational green space. From this scale,
it can be seen that every tool can increase rainwater
transportation except the water plaza. And the criterion
of increasing rainwater retention is actually considered
relevant to both the catchment and the street scales.
From the catchment scale, it can only be seen that the
retention park and the water plaza increase rainwater
retention, while it is hard to determine if other tools
can also meet this criterion since it depends on detailed
designs of tools. So they will be further discussed in later
designs on the street scale.
In terms of providing recreational green space, this
criterion is also relevant to both scales. This scale only
shows that the natural canal and the retention park
can meet this criterion, while the application of other
tools are too small and need to be evaluated based on
more detailed designs. Therefore, this evaluation will be
combined with the evaluation on the street scale in the
next section.

6.2.

Street scale designs

Five areas are selected as the exemplary sites for detailed
designs (Figure 43).
Firstly, area A and area D are chosen since they contain
combinations of several tools. The area A contains the
bilateral-green street, green plaza and retention park,
while the area D has the natural street and water plaza.
Then other three areas that are applied the rest of the
tools are selected, including the middle-green street,
water street and natural canal.
Finally, each tool in the toolbox has detailed designs. The
following sections will provide more design details of
these tools and their evaluations based on the criteria of
waterlogging mitigation and livability improvement.

Figure 43 Locations of detailed designs

62

eria on the catchment scale
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6.2.1.

Detailed designs of each tool

Area A: Bilateral-green street + Green plaza +
Retention park (Figure 44)
The detailed design of area A combines tools
of the bilateral-green street and the green
plaza, which forms a larger green space. It can
be designed to retain a little rainwater during
precipitations. However, they mainly have
the advantages of transporting and releasing
rainwater due to the construction of perforate
pipes and green space. Although these tools
cannot provide recreational functions for people
to have activities on them due to limited space
and vegetation, people can still observe the
dynamic of rainwater on them. For ensuring
the plantation's success, the plants with waterresistant should be selected for these two tools.

Green plaza

The detailed design of the retention park is
based on the existing green belt. Since it is the
green space in the city with trees initially, this
tool does not further contribute to the increase
in infiltration and evapotranspiration capacity.
For livability improvement, this tool can give the
experience of rainwater dynamics. For example,
some secondary paths can be inundated during
precipitations to enhance this experience, while
the main paths should always be higher than the
maximum water level. In addition, the design
of the depth and size of the retention space will
decide its capacity of retaining rainwater. And
depending on the designed water level, the
selection of plants in the retention park should
also be carefully considered.

Figure 44 Plan and section of the area A
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Bilateral-green street

Retention park

Detatiled plan
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Area B: Natural canal (Figure 45)
This tool transforms part of the carriageways into
natural areas to construct natural banks. The expansion
of the canal increases rainwater retention. And
naturalizing the canal also contributes to infiltration
and evapotranspiration. The natural canal provides
recreational green space for local people, who can have
a closer distance to the water. The change of water level
gives the experience of water dynamics. At the same
time, it should be noticed that the design of the slope
will influence the plantation of water-resistant trees and
bushes. In Guangzhou, the slope inclination should be
lower than 1:2.36 to ensure the successful plantation
of trees. If space is not enough for designing this kind
of slope, the grass or bush can be an alternative on the
slope lower than 1:1.5.

Natural canal

Detatiled plan
Figure 45 Plan and section of the area B
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Area C: Middle-green street (Figure 46)
Like the bilateral-green street, the middle-green street can also retain a little rainwater and add more vegetated areas
for infiltration and evapotranspiration in the city. It can also show rainwater dynamic during precipitations, while the
recreational function of it is weak due to the unsafe and unsuitable location. Moreover, water-resistant trees should
also be selected, while the construction of perforate pipes should not obstruct the growth of tree roots.

Figure 46 Plan and section of the area C
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Middle-green street
Detatiled plan
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Area D: Natural street + Water plaza (Figure 47)
The natural street is constructed on the original green belt in the middle of
the street. It does not further increase infiltration and evapotranspiration.
But when designing it with suitable depths, this tool can be used to retain
rainwater. However, since the green space is designed in the middle of
the boulevard with limited width, it is not ideal for providing recreational
functions for people. But as same as the single-green street, the observation
of dynamic water is possible.
The water plaza creates more space for rainwater retention. It can
temporarily retain rainwater during precipitations and gradually discharge
the water into other tools. The plaza can create the experience of rainwater
dynamic by providing different uses during rainy or sunny days. The depth
of the water plaza should be designed higher than the normal water level of
the downstream interventions, which ensures the rainwater in the plaza can
be totally discharged.

Detatiled plan
Figure 47 Plan and section of the area D
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Natur

ral street

Water plaza
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Area E: Water street (Figure 48)
The tool of water street is implemented on unbusy streets. It can transport
rainwater during normal precipitations. But during heavy precipitations, it can
be used to retain rainwater temporarily. In this case, people can still walk on the
street, but cars need to detour other streets. This tool does not have benefits
in terms of recreation, but it gives people dynamic rainwater landscapes. The
construction of the water street needs to meet a certain inclination to make
sure the driving safety.

Figure 48 Plan and section of the area E
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Water street

Detatiled plan
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6.2.2.

Evaluation based on criteria of the street scale

Based on the detailed designs for each tool in the
toolbox, they can be evaluated in Table 14. Each tool
can meet the criterion of increasing rainwater retention.
And except the water street, retention park and water
plaza, other tools can increase rainwater release. In
terms of livability, it is still that only the natural canal
and retention park can provide recreational green space,
while each tool can provide experiences of dynamic
rainwater landscapes. Although many other tools such
as the middle-green street can also provide green space,
they cannot provide recreational functions including
walking and resting for people, since usually such the
green space are too narrow.

6.3.

Summary of the toolbox

In conclusion of the design on the catchment and
street scales, Table 15 demonstrates the met criteria of
waterlogging mitigation and livability improvement for
each tool.
In terms of waterlogging mitigation, each tool except
the water plaza can increase rainwater transportation,
while every tool can increase rainwater retention. For
the criterion of increasing rainwater release, the natural
street, bilateral green street, middle green street, natural
canal and green plaza can meet it. In conclusion, except
for the water plaza, other tools can meet more than two
criteria of waterlogging mitigation, which confirms the
waterlogging mitigation capacity of the toolbox.
In terms of livability improvement, only the natural canal
and retention park can provide recreational green space.
And each tool can provide experiences of dynamic water
landscapes. It shows that this toolbox has more values in
improving social-cultural livability in Guangzhou.

Table 14 Evaluation of the toolbox according to the criteria on the street scale

Table 15 Evaluation of the toolbox according to the criteria on the street scale
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7

7

Conclusion and
discussion
This chapter provides conclusions for each sub questions and the main
research question, and discusses the answers and the research process.
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7.1.

Conclusion

This thesis aims to answer the main research question:
“How can the landscape infrastructure contribute to
mitigating waterlogging problems and also improving
livability in urbanizing delta cites, through developing and
applying the toolbox, using Guangzhou as an example?”.
For answering it, three sub-research questions and the
design question are answered step by step.
First sub-research questions:
What are the potential infrastructures that can be
retrofitted as landscape infrastructure to mitigate
waterlogging in Guangzhou?
Under the context that waterlogging is increasingly
severe, most of the infrastructures in Guangzhou have
the potentials to be retrofitted to mitigate waterlogging.
These infrastructures contain street, canal, plaza and
green space. Among them, the street is divided into
four types according to the number of carriageways:
main boulevards, highlines, secondary boulevards and
alleys. The plaza contains both urban plazas in front of
commercial buildings and parking lots. The canal has
two types with or without greenery, while green space
includes parks, unutilized areas and green buffers. These
infrastructures are split into different parts and their
characteristics are analyzed, which is considered the
basis of combining basic tools in later research. Besides,
there are also infrastructures including the dike of the
Pearl River and the tunnel in Guangzhou. But they are
not considered as the potential infrastructure due to the
strict regulations and low locations.
Second sub-research questions:
What criteria of waterlogging mitigation and livability
improvement can be applied to the design of landscape
infrastructure in Guangzhou?
Firstly, according to the knowledge gap, for developing
landscape infrastructure, the toolbox should meet
the criteria including relevance to grey and green
infrastructure, relevance to livability improvement and
low space requirement. Compared to other theories such
as the Sponge City, SuDS and BGI, this thesis introduces
the concept of landscape infrastructure to research
waterlogging in urban areas, and understands landscape
infrastructure as integration of retrofitted grey and green
infrastructures that provide multiple functions including
waterlogging mitigation and livability improvement.
Furthermore, for adapting the environment of high76

density urban areas, this thesis adds a new layer about
low space requirement on infrastructures which is
studied and explored by designing. The consideration of
this layer saves the space of existing infrastructures and
minimums the influence of the design tools, which is
suitable for high-density urban areas with limited space
and many grey infrastructures.
Then, by analyzing reasons for waterlogging in
Guangzhou and reviewing literature about the urban
water system, three criteria for waterlogging mitigation
are summarized as: increasing rainwater release,
increasing rainwater retention, and increasing rainwater
transportation. These criteria of waterlogging mitigation
are proposed based on the conditions of waterlogging
in Guangzhou and the theories of urban water system.
Despite this, the reasons of waterlogging in Guangzhou
,containing increasing impervious surface and insufficient
drainage infrastructure, generally exist in high-density
cities globally. Therefore, these criteria can still provide
references for other urban areas.
In the end, based on the current situation of livability
in Guangzhou, the criteria of livability improvement
in terms of living environment and social culture are
concluded as providing recreational green space and
providing experiences of dynamic rainwater landscapes.
From the landscape perspective, the benefits of
landscape infrastructure for living environment and
social culture is usually discussed in a broad sense. But
this thesis tends to target to the problems in Guangzhou
– a delta city. So these criteria give detailed solutions to
improve the livability in Guangzhou. But compared to the
criteria of waterlogging mitigation, these criteria have
more limitations to be applied in other cities.
Furthermore, the criteria of waterlogging mitigation and
livability improvement are defined and researched on
different scales containing the catchment and street, but
not only focus on one scale.
Third sub-research question:
What toolbox of designing landscape infrastructure
can be developed to meet the criteria of waterlogging
mitigation and livability improvement in Guangzhou?
Based on two reference cases and the criteria of
landscape infrastructure development, five basic tools
are summarized: natural ditch, permeable strip, street
channel, natural retention basin and hard retention
basin. By combining these basic tools and potential
infrastructures in Guangzhou, several combinations

are created. After evaluating their space requirement,
combinations with low space requirements can be
selected, synthesized as the preliminary toolbox. It is
typology-based and contains natural street, bilateralgreen street, single-green street, water street, natural
canal, retention park, green plaza and water plaza. Each
tool in this preliminary toolbox refers to the retrofit of
existing grey and green infrastructures. By conditionally
applying these tools, the infrastructure can provide
multiple functions with minor influences on its original
functions.
This toolbox is further evaluated based on the criteria
in the design phase. This evaluation aims to figure out
the capability of waterlogging mitigation and livability
improvement for each tool to provide a decision-making
supporting approach between different local government
departments. By referring to the outcome of the
evaluation, people can select and apply tools as needed.
Design question:
How to design landscape infrastructure to mitigate
waterlogging and improve livability by applying the
toolbox?
Based on the design process, the design question
can be answered. Firstly, according to the criteria of
waterlogging mitigation, the design concept including
rainwater transportation, retention and release can be
developed in high-density urban areas. Secondly, based
on the design concept, the analyses of flow pattern, lowlying areas and infrastructures are conducted. These
analyses help design rainwater transportation routes and
retention space. Then the toolbox can be applied to the
test site on the catchment scale based on the description
of each tool and the current situation of infrastructures.
After designing, each tool is evaluated according to the
criteria related to the catchment scale. In the master
plan, five exemplary areas are selected for detailed
designs, which include all tools in the toolbox. The
detailed design gives evaluations of criteria related to the
street scale for each tool. In the end, it is summarized
that which tools can meet the criteria of waterlogging
mitigation and livability improvement.
During the designing process on the catchment scale,
sometimes the applicable tools are not only one. But
from the landscape perspective, the coherence of the
urban landscape also needs to be taken into account,
which influences the development of the masterplan. In
addition to this, the connection between different tools

is also considered to ensure the success of the system.
On the street scale, the application of tools also needs to
meet some engineering requirements such as the certain
depths and angles to make sure the feasibility of the
designs.
Main research question:
How can the landscape infrastructure contribute to
mitigating waterlogging problems and also improving
livability in high-density delta cites, through developing
and applying the toolbox, using Guangzhou as an
example?
Finally, the main research question can be answered.
During the research, a toolbox of landscape infrastructure
is developed based on local infrastructures and reference
cases of sustainable rainwater management, and applied
and evaluated on the catchment and street scales. This
toolbox shows the possibilities of combining green
and grey infrastructures to improve the waterlogging
problem in high-density delta cities. Each tool in the
toolbox can meet different criteria of waterlogging
mitigation and livability improvement in Guangzhou
(Table 16). The toolbox provides an integrated method
of mitigating waterlogging systematically by constructing
a supplemental drainage system. Through the toolbox,
small tools on the street scale are linked as a whole on
the catchment scale. Comparing to existing theories
such as the SuDS and BGI, this toolbox saves the space of
existing infrastructures, which makes it more suitable for
high-density urban areas with more grey infrastructures.
Moreover, it also takes the livability improvement in
terms of the living environment and social culture into
account.
In this toolbox, each tool has different applying
conditions. For example, the middle-green street can
only be used on streets with curb parking areas, while
the retention park needs to retrofit existing low-lying
green space. Depending on infrastructures, people
from different departments can select tools as needed.
For instance, when designing rainwater transportation
routes, people can select tools that can meet this
criterion.
However, in practice, there may be situations where
more than one tool is applicable. In this case, the tools
that can meet more criteria and have lower space
requirement should be prioritized. Or people can
select tools that can meet the criteria that they need.
For example, people in the transportation authority
probably like tools with lower space requirement, then
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they can prioritize those tools. At the same time, there
may also be situations where none of these tools is
applicable. Then it is necessary to re-select this part of
the transportation routes or retention space. In addition
to this, the toolbox can also be used as a communication
medium for different departments to find a neutral tool
that can be accepted by every department.

To sum up, this thesis provides a toolbox of landscape
infrastructure that adapts to the high-density delta cities.
This toolbox can mitigate waterlogging and improve
livability on both the catchment and street scales by
meeting relevant criteria, and can be used to support the
decision-making process for different departments to
select tools.

Table 16 Summary of tools with their space requirement and met criteria
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7.2.

Discussion and recommendation

Abstractions of potential infrastructures
The potential infrastructures summarized in this thesis
are abstracted as simple models. These models tend to
generalize similar infrastructures. However, there are
various infrastructures with only small differences in
Guangzhou, while these models cannot include every
infrastructure. For example, although most highlines have
single pillars in the middle, there are also some highlines
with double pillars. This kind of difference may lead to
different combinations of basic tools and infrastructures,
which probably influence the toolbox's composition.
Despite this, these differences are not dominant
among infrastructures. The abstractions of potential
infrastructures of this thesis can still include most
infrastructures in Guangzhou. But it is also recommended
that more detailed abstractions could be summarized to
further increase the applicability of the toolbox.

mitigation in other high-density cities in the world.
In addition, although this toolbox can be used by
different departments, these departments are not clearly
defined in this thesis. These departments should be
relevant to the content of the toolbox, which probably
contain the planning authority, the water authority,
the transportation authority and the park authority
etc. And with the climate change becoming a more and
more serious problem, the urban planning such as the
waterlogging mitigation planning requires participations
of multiple departments. This toolbox is recommended
to be used as a medium of communications between
different departments to find out the optimal tools based
on the evaluation.
In summary, this toolbox has higher feasibility for highdensity cities in delta areas with low latitude, and can
provide a reference and communicating medium for
different departments under the context of climate
change.

Development and generalization of the toolbox
The toolbox development starts from the case study on
two reference cases in Copenhagen and London, which
includes the existing theories about SuDS and BGI. The
tools from these cases are summarized and selected
as the basic tools to develop the preliminary toolbox.
However, this thesis only studies two cases, while the
studies on more reference cases may lead to more
compelling outcomes of basic tools (Van den Brink et al.,
2016). So that adding more reference cases to improve
the toolbox is recommended.
On the other hand, the toolbox is developed based
on the context and infrastructures in Guangzhou.
Guangzhou is located in the delta area with sub-tropical
weather and high urbanizing degrees. It has abundant
rainfalls and relatively high temperature throughout
the year. Although many high-density cities have
risks of waterlogging, they have different degrees of
development and different infrastructures with various
geographical environments. So, some tools may not be
widely used in other cities. For example, the tool of the
natural canal may not be used in some inland cities, while
the water street is probably not suitable for areas with
high latitude due to freezing in winter. These differences
limit the application of this toolbox in other cities.
Despite these, the method provided by this thesis to
develop and apply the toolbox can still be recommended
and universally used as a reference for waterlogging

Designing and evaluation
The thesis uses Tianhe district as an example for research,
which is a newly developed district in the central urban
area in Guangzhou. The old district may have different
topography and different emphasis on infrastructure
types. For example, new districts usually have more
boulevard due to different construction times, while
there are more alleys in old districts. This difference may
influence the application of the toolbox, which in the
end will probably affect the evaluation of the toolbox.
Therefore, it is recommended to test the toolbox on sites
with different features to improve the correctness of the
evaluation.
In terms of the analysis part, the design of the catchment
scale is based on the analyses of the test site. The
accuracy of the elevation data used for the site analysis is
0.5m. The higher accuracy of this data may help increase
the correctness of the site analysis, which in the end
will affect the choice of the transportation routes and
storage space. So the use of data with higher accuracy is
recommended, if conditions permit.
In terms of the design on the street scale, the detailed
design of this thesis tend to give examples of possible
designs. These designs tend to meet more criteria of
waterlogging mitigation and livability improvement,
which aims to explore the greatest potentials of the
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toolbox. However, according to the situations of
infrastructures and conditions of geography, there may
also be other design forms that cannot meet the criteria.
So the application of the tools should not be considered
as the guarantee of meeting the criteria. In this case, this
thesis prefers discussing each tool's general potentials
but not targeting specific situations.
In addition to this, although the thesis puts the
designs on the catchment in the first place and then
shows the detailed designs on the street scales, these
two design processes sometimes cross each other. It
means the masterplan guides the detailed designs,
while the detailed designs contribute to the successful
development of the masterplan.
Furthermore, in terms of the evaluation, this thesis lacks
a discussion about the cost for each tool. It is also an
important factor that can influence the tool selection
when applying the toolbox in the real world. Therefore,
taking the cost into consideration is recommended.

Further research
Further research can consider quantitative analysis
during the design process to measure the capacity
of waterlogging mitigation of the toolbox in terms of
rainwater release, retention and transportation, which
aims to find out the best design form of the detailed
design and conclude design principles on the street scale.
In addition to this, the possibilities of other functions
of the landscape infrastructure can also be further
researched and discussed. For example, at the same time
as waterlogging mitigation, the developed landscape
infrastructure may also provide the functions such as
water purification and microclimate improvement that
are urgently needed in many high-density cities.
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Appendix I Field trips of water landscapes in Guangzhou
Lychee Bay

Shaji Canal

Donghao Chong
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The Pearl River and dike

Donghu Park (Led by Mr. Tan from Huaian Water Conservancy Survey Institution)

Haizhu Wetland Park
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Huangpu Canal

Huadi River
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Appendix II Notes of interviews with Mr. Liu from Guangzhou Water Authority
Fluvial flood defense
o Highest water level - 8.3m
o Water in the Pearl River normally does not flow
from the outside to the inside
o The upstream sluice

The sluice guides the water to other locations
near Guangzhou

o The dike of the Pearl River can protect the city
from 200 years' floods

Strict managements and regulations

Urban drainage system
o The drainage pipes: 1-3 years in the central
urban area, 5 years in very new areas
o Central urban area: combined pipes with the
sewer and rainwater
Pipes constructed before 2005 are all conbined
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