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Abstract
Due to climate change and the uncontrolled urban expansion, more and more cities have suffered increasing natural disasters. Currently, urban development
requires a new approach to optimum land deployment, resources distribution, and enhanced functions
within a limited space. The urban resilience concept
thus meets the need for these adaptations. It is noteworthy that nowadays, many urban planners advocate the urban resilience concept for tackling such issues as urban heat island effect, flooding and habitat
destruction. The practice of urban resilience requires
not only an in-depth understanding of the landscape
but also interdisciplinary knowledge. Nevertheless,
the current theory on and practice of landscape architecture focus on assessing the correlation between
urbanization and the single pattern or specific functions or individual projects, thus ignoring how those
factors relate to each other and the consequences of
interactions between those factors. Besides, there is
no such common “ design language” to interpret the
landscape, translate the “urban resilience” concept,
and guide urban planners on putting a more holistic
resilience system into practice.

The highlight of this thesis is that, consistent with
the trend of current study, the flow concept is extracted and attached to with certain importance in
the research. In doing so, the tangible and intangible aspects of landscape that make difference to the
functions will be analyzed. Besides, the flow concept
assists designers in considering how to connect and
disconnect different patterns in a more systematic
way to achieve the diversity of functions in the landscape with various values.
Keywords: Climate change; Urban resilience; Interdisciplinary practice; Pattern; Flow; Function; Integration
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1 Introduction
1.1Background

Urban actors are focusing on constructing rational
spatial patterns on the urban realm and analyzing
their transformational mechanism as a tool for effective management of local natural resource and sustainable urban development at various scales (Aithal
et al., 2017; Fang, 2018; Ramachandra, Aithal, &
Sanna, 2012).

Urbanization is a dynamic process that entails a largescale alteration to the environment and the patterns of
land-use. During this process, various problems arise
due to uncontrolled urban expansion, fragmentation,
and isolation (Tagil, Gormus, & Cengiz, 2018).
It is indicated that the rapid urban expansion and
infrastructure developments transform landscapes,
thus to some extent amplifying such environmental
hazards as the urban heat island effect, urban flooding and habitat destruction (Aithal, Shivamurthy, &
Ramachandra, 2017). As it is shown in Figure 1, the
urban densification phenomenon impacts landscape
structures and spatial patterns of cities that would
consequently lead to a high-level fragmentation and
shrinkages of urban green spaces, thus negatively affect urban development and human wellbeing (Nor,
Corstanje, Harris, & Brewer, 2017). However, plenty
of urban landscapes are under-utilized for mitigating
the negative consequences or reducing risks.

Bell (2012) stated in his book that spatial patterns
could be utilized to create orders to make sense of
the surroundings. Thus, he emphasized the importance of spatial pattern recognition, which helps
people to relate both the physical world and the less
intangible factors in their daily life. Characters of
urban patterns, such as physical size, shape, biodiversity, accessibility, history, and material distributions in the city, play essential roles in identifying the
particular functions of the urban space. Such factors
have different levels of significance for interpreting
the patterns, processes, and distinctive services (Bell,
2012). The understanding of pattern helps urban actors to simplify the complex urban problems. Hence,
the ability of pattern recognition assists humans in
adapting and changing the environment (Salingaros,
2000). Moreover, identifying a suitable location and
arrangement in landscape plans for conserving and
looking for appropriate connections is an essential
step to ensure landscape value and functions(Tang &
Zhang, 2013).

Urban resilience, in the field of urban planning, aims
to optimize the arrangement of the land, the distribution of resources, and enhance functions within the
space-limited context. It provides adequate solutions
for natural hazards and vulnerabilities to adapt to
future changes. This kind of notion requires an indepth understanding of the landscape. More recently,
plenty of studies have been bringing spatial pattern
insight into urban development.

Figure 1: Urban environmental hazards and under-utilized land (Source: adapted from google maps)

02

1.2 Knowledge gap

1.3 Research questions

Recently, the advocacy of urban resilience on a global scale leads to abundant definitions being given
out. The increasing popularity received by the “urban resilience” concept has been explored from both
academic and practical perspectives. The recognized
definition of urban resilience is “the capacity of a
system to absorb disturbance and reorganize while
undergoing change so as to still retain essentially the
same function, structure, identity, and feedbacks…”
(Walker et al. 2004, p.2). However, urban resilience
remains an abstract concept mentioned in policy or
strategic goals, which is due to the lack of specific
translation in design language and the meaning in
the design field that remains ambiguous. Yet, there
remains an ongoing debate about how this abstract
concept or goal can be put into practice to address
various issues (Schiappacasse, 2018).

As it is aforementioned above, although a growing
body of studies has evaluated and diagnosed the relationship between urbanization and the single pattern or specific functions or individual projects, a few
studies have asked directly how the urban spatial patterns control the flow of energy, materials, and organism movements in an area that would influence urban
resilience. It is yet unknown: What general patterns
are? how they interact with each other? and how designers can manipulate them in landscape design?
The knowledge gap presented above calls for addressing the one-sided understating of the landscape.
Therefrom this thesis attempted to establish a tool to
holistically understand the landscape, base on which
integrating general design principles to operationalize urban resilience. To this end, the research question below is formulated.

Besides, the concept of urban resilience involves various disciplines that could rarely be comprehensively achieved by individual subject. There is no such
common “language” and “grammar” to read the landscape, thus could guide urban actors to make a more
holistic resilience system. The existing green infrastructure theory, nature-based solutions, and low-impact development theory provide various principles
and tools that are beneficial for the environmental
system to achieve the urban resilience under different themes (E.g., water, heat, biodiversity, air quality, social cohesion) and perform the expected functions in terms of their target and applicable solutions.
Those principles indicate a connection between ecology and culture, nature and human, land, and people. Nevertheless, there exists a gap between those
principles and the way they are practiced to achieve
an integrated urban resilience that could accommodate diversified functions. Furthermore, some design
principles focus on the shaping of a single pattern or
the enhancement of specific functions. For example,
the construction of urban forest could make a significant contribution to enhancing biodiversity. However, the dense forest might also restrict the natural
wind flows, which can reduce ventilation and worsen
urban heat effect. Many studies focus on particular
patterns or enhance single function, but rarely think
about the integration. If the role of patterns, flows,
and functions is reconsidered for the system, the general design principles can be adapted to comprehensively achieve urban resilience.

1.3.1 Main research question
Which design principles optimize and enhance functional linkages between urban spatial patterns for urban resilience?
1.3.2 Sub research questions
To assist with answering the main research question,
a group of sub-research questions (SQ) was also formulated:
SQ 1: What are urban spatial patterns?
SQ 2: Which principles guide functional-specific
spatial patterns for resilient?
SQ 3: Which patterns can be implemented into the
design with multiple functions for resilience?
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1.4 Thesis outline

Chapter 3 elaborates on the methodology for the thesis. The research for design and research through design methods are both applied accordingly to answer
the research questions. Additionally, the landscape
evaluation with experts is one of the most important
procedures in research through design for improving
the phased designs towards the optimum result eventually.

In line with current studies, this thesis explores the
pattern research form theory to practice. The analytical objective of this thesis is to explore how the spatial patterns in urban areas can be brought together
for a more sustainable and resilient urban environment. The design is regarded as an empirical study in
the case area.
The introductory chapter discusses the problems of
urbanization and climate change, economics, the
concept of urban resilience, knowledge gap, and research questions. It also offers a look at pattern analysis from Bell and the relevant terms utilized in the
thesis.

Chapter 4 mainly shows the process of theory-based
site analysis. It includes information about the scope
and context of the case study area. Additionally, in
line with the research subject, this chapter explains
the reasons for choosing this area as a paradigm. In
order to make a holistic outcome, this research-design widening the scale of site design to the level of
city scale.

The theoretical framework is formulated in chapter 2
to guide this study. It is based on the “structure-function-change” conceptual model proposed by Hobbs.
This chapter elaborates on the debate about this original framework from landscape ecology. To apply the
theory into practice, sufficient methods that could
measure landscape have garnered the attention of
many researchers. It is noticed that recently a growing body of studies has emerged and highlighted the
importance of flow concept as a complement to current landscape recognition study. Based on the literature review, chapter 2 mainly elaborates on the basic
concepts and definitions that will be used in this thesis. Such as the concept of patterns (physical structures), the functions, and the flows. In addition, the
interplays among them are also discussed to provide
an insight into this subject.

Chapter 5 illustrates the process of research through
design on a different scale. The large scale provides
the context for the site design. And the site design
elaborates on the master plan and spatial strategies
with more details.
Chapter 6 and chapter 7 finalizes this thesis with a
conclusion, a discussion about the research process,
design outcomes, and recommendations for further
study.

Additionally, the reference study is guided by this
theoretical framework in chapter 2, with a primary
focus on enhancing urban resilience. It aims to interconnect the physical patterns(structures), functions,
and space of flows, thereby contributing to urban
resilience. The definition of urban resilience is explained in this chapter. Besides, best cases worldwide
are analyzed within the framework to generalize design principles that facilitate urban resilience. Thereby, the new knowledge is added to the toolbox for
designers to gain an in-depth understanding of both
physical forms and intangible factors.
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2.Theoretical framework

2.1 Inherent characteristic of the landscape
Figure 2: Three main characteristics of landscape
(Adapted from Hobbs, 1997)
As shown in Figure 2, the landscape can be characterized by a structure, a change (dynamic) and a
function (process). Firstly, landscape structure is
defined as the spatial relationships between distinctive patches or landscape elements. Secondly, landscape function (process) is regarded as the interactions between or movements of animals, plants,
wind and water among various spatial elements.
Thirdly, change is referred to as the transformation
of structure and function over time (Hobbs, 1997).
Landscape ecology has long been the focal point of
study on spatial patterns, with the emphasis placed on
the causes and consequences of spatial heterogeneity,
spatial pattern, processes, and the connectivity(Monica G Turner, Gardner, O’neill, & O’Neill, 2001).
The common goal is to characterize landscape by analyzing the pattern, process (function), and change of
spatially-heterogeneous area (Bell, 2012; R. Forman,
2014; Hobbs, 1997).

with fewer tangible elements like material movement
and human behavior.
Hobbs argues that landscape function is referred to as
the interaction or movement of animals, plants, wind
and water among various spatial elements(Hobbs,
1997). Nevertheless, it remains inconclusive how to
evaluate the specific functions (services) performed
by these movements. In recent years, there have been
many exemplary attempts made to extract the “flow”
concept from that aspect to gain a full understanding of the correlation between landscape patterns and
physical-social functions (Ryszkowski & Kędziora,
1987; Van Buuren & Kerkstra, 1993). As indicated
by Desouza and Flanery (2013), physical functions,
along with social functions, can be regarded as the
interaction among various spatial elements and networks. It is reflected as the flow into and out of the
systems that play a significant role in promoting
positive operations and suppressing negative ones
(Desouza & Flanery, 2013). For instance, landscape
structure can be constructed by the distribution of
energy, material movement, and living organisms
in relation to the geophysical characteristics of the
land, for example, patch size, shape, type, and connectivity. The transformation of landscape structure
(pattern) is manifested in the change to flows, which
has a massive impact on different functions, which
in turn alter landscape flows, thus requiring different
landscape structures to be sustainable. This thesis is
aimed at combining the ideas proposed by Bell and
Forman for recognizing patterns (both in vertical &
horizontal way) as well as integrating flow concept

Landscape structure can be understood and described
in different ways. In general, the understanding of it
can be categorized into the vertical-structure way (as
Bell proposed) and the horizontal-structure way (as
Forman offered). Despite the significance attached
by plenty of studies and designs to the physical structures and changes of landscape, the functions or the
processes of landscape has attracted little attention.
Hobbs directed his criticism at many landscape ecology studies for ignoring process (landscape function). There is a lack of effective methods applied
to evaluate landscape function. Besides, the means
of structure description remains immature (Hobbs,
1997). It is thus inadequate to provide guidance on
how to work out a design that performs the particular functions in a specific context. Resilience theory
provides an insight into sustaining the expected landscape functions to cope with the uncertainties in the
future (Meerow, Newell, & Stults, 2016). In order to
make the theory applicable in practice, however, a
comprehensive and holistic framework is considered
significant to depicting a resilient city by connecting
the physical patterns which are readable on the map
05

for gaining an in-depth understanding of the interrelationships between physical structures and less tangible aspects, such as functions and flows.

system to address the various structure and functions,
for achieving what is harmonious in the landscape
from a social-natural perspective.
Based on the understanding of both physical patterns
and the less tangible aspects such as flows and functions, this thesis focuses on exploring the solutions
to a resilient urban design based on the understating
of interaction between patterns, flows, and functions,
thus making landscape structures and functions optimal for enhanced urban resilience.

The theoretical framework is shown in Figure 3. The
bidirectional arrows indicated the interactions between those factors. Not only does promoting the urban resilience concept require the capability to evaluate the most vulnerable components of the city and
understand how they interact with each other, it also
seeks the potential opportunity within the complex

Figure 3: Theoretical framework of this thesis
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2.2 Definition of spatial patterns

lish the relationship between human beings and the
physical environment through different materials and
geometries.

Spatial patterns refer to the basic layout for the urban system and ecosystem, which indicates both the
urban structural system and the functional system
in the long term (Fang, 2018). It is observed in the
landscape as a result of interactions between physical, biological, and human activities (Monica Goigel
Turner, 1989).

Bell advocated that “pattern” is conducive to appreciating the landscape and understanding the relationships within it (Bell, 2012). The analysis of patterns
is divided into two categories. One is to explore topology and the other is to classify natural phenomena
(Bell, 2012). It was acknowledged that the landscape
evolves while undergoing the following processes:
climate, geological, ecological, and cultural processes. Thus, the resulting pattern was classified into
three basic categories depending on the above-mentioned driving processes: landform patterns, ecological patterns, and cultural patterns that take place
under the context of climate patterns and processes
(Bell, 2012).

Initially, “pattern” was defined by the architect Christopher Alexander (1977) as a language used in the
design as well as a solution to design-related issues.
In his book A Pattern Language, Alexander demonstrated 253 patterns that can be understood and applied as a practical toolbox for some particular design scenarios (Alexander, 1977). According to his
pattern language theory, “pattern” could be treated
as a metaphor for a common language for all urban
actors. An individual pattern is similar to a word that
follows the certain grammar or rule-based relationships for carrying expressive meanings. Patterns are
shaped as a language to demonstrate design ideas
and connect design with human beings. Additionally,
such a language requires the connection between other patterns and their functional linkages (Bollier &
Helfrich, 2015). It is a fundamental perspective from
which the world is viewed, as well as a variety of
intermedia, to estab

As shown in Figure 4, Bell takes a “vertical” approach to understanding the landscape structure
(Bell, 2012). The landscape has overlapping layers
caused by geomorphology and topography. The landscape structure is influenced by not only nature but
also human interventions. It represents an integrated
approach where landscape is regarded as a self-or

Figure 4 Layers of landscape patterns(Wascher, 2004)
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2.3 Definition of flow

ganized, dynamic system operated and reorganized
through conscious human activities and natural process (Bell, 2012). In Bell’ s book, a discussion was
conducted around the interaction between patterns
(landform patterns, ecological patterns, and cultural
patterns), based on which the significance of vegetation and hydrological patterns to the shaping of landscape structures was highlighted. It was also indicated that vegetation and water would be taken as the
major analytical elements and design elements in the
thesis. Above all, the theory that Bell came up with
found a common ground for different disciplines and
documented the collective knowledge making the
landscape “readable”, which allows rational alteration(Bell, 2012). Above all, the landscape is defined
by particular spatial patterns that differ from space
and time.

According to Castells’ s point of view, space is not
a fixed container, but a product of the society that
reflects social dynamics and relationships(Castells,
2001). He described the space as a resource that can
be modified, reorganized, and reordered by different
social actors. The space of flow intergrades various
functional units; most importantly, it is independent
of their geographical location (Stalder, 2006). Series
of nodes, centers, and lines composite networks that
connect various material and immaterial flows. The
central importance of the “space of flow” concept is
its ability to fragment localities and selectively reunion some components into new functional units.
The vertical structure proposed by Bell and the horizontal structure proposed by Forman provide an approach to understanding the patterns from a structural perspective. The space of flow, on the other hand,
is regarded as a material infrastructure that integrates
various functional units independent of their geographical location (Stalder, 2006). The flow concept
is combined with landscape function, as a supplement to Bell, while Forman’s theory assists scholars
in gaining an in-depth understanding of landscape
patterns and their interrelationships. As indicated by
authors Desouza and Flanery, the physical and social
processes take place within the scope of spatial and
temporal elements. The flows into and out of the system play a pivotal role in not only the positive circulation but also the negative ones (Desouza & Flanery,
2013). In this thesis, our focus is placed mainly on
the most representative flows within the urban system, for example, wind flows, water flows, the flows
of population, and traffic flows.

Another author, a landscape ecologist, Forman
comprehends landscape structures in a “horizontal”
way(R. Forman, 2014). In the view of landscape
ecologists, the massive spatially-heterogeneous area
is the “ landscape mosaic”. Forman detected and described patterns by summarizing the three constituents of landscape, based on which the Patch-Corridor-Matrix conceptual model was established as
a spatial language (Bell, 2012; R. Forman, 2014;
Gökyer, 2013). Matrix serves as an underlying background, which is not only the most extensive part of
the landscape, but also the majority of interconnected
land surface. “Patch” refers to the distinctive areas
existing within landscape and distinct from other areas. The size, shape, and function of patches could
show variation due to their heterogeneity. “Corridor”
is defined as the linear elements that set up an essential connection between other characteristics.
Landscape ecology is focused primarily on ecological patterns and their processes (Ahern, 2006). The
three distinctive elements (patch, corridor, matrix)
combined are capable to demonstrate the correlation
between different parts of the landscape mosaic. In a
broad view, this horizontal structure exists not only
in ecological patterns but also among the other vertical layers, as indicated by Bell. For instance, the
Patch-Corridor-Matrix conceptual model applied to
describe and analyze the horizontal linkages can be
applied as well in a cultural pattern, landform pattern,
which supplements Bell’s theory.

08

2.4 Definition of landscape function

Landscape function refers to the various services
performed by the environment (Mander, Helming,
& Wiggering, 2007). As shown in Figure 5, firstly,
the supporting function lays the foundation for construction. Secondly, the production function refers to
the provision of resources and material for humans
to carry out production. Thirdly, the regulation function or ecological function refers to the regulation on
energy, material flow, and hydrological cycle. Lastly,
information function means that social values connect the aesthetic, recreational and historical values
with human beings (Van der Maarel and Dauvellier,
1978).

Figure 5 Landscape functions

2.5 The iterations of patterns, flows, and functions

2.6 Urban resilience
Urban resilience requires the capability of the urban
social-ecological system to adapt to the uncertainty and risk that would arise in the future (Desouza
& Flanery, 2013; Folke et al., 2010; Meerow et al.,
2016). Cities are required to have two critical abilities in common with organisms: the ability to recover
from disasters and that to adapt to changes. Urban resilience is widely viewed as the capability of a system
to make proactive response and recover from shocks
and disruption caused by climate changes, it still sustains itself and returns swiftly to the vital functions.

From the perspective of ecology, the patches-corridor-matrix arrangement constitutes the landscape
structures that would determine both functional
flow and material movement through the landscape.
Conversely, flows also cause change to patterns.
The landscape is regarded as an open system within which energy flow, materials distribution, organisms change constantly. The interaction among those
agents leads to the interplay between flows and patterns (R. T. T. Forman, 1995). Some flows contribute
to the regulatory function (E.g., water flow), while, in
turn, the structures of landscape either impact on or
restrict flows, material distribution, and movement to
perform certain functions. Collectively, the structures
and flows give rise to various patterns, while altering
the landscape mosaic over time. Bell also demonstrated the clear feedback among patterns, flows,
and functions. It was indicated that spatial patterns,
flows, and functions can exert a significant influence
on each other (Bell, 2012). He provided an example
of sand dune pattern to demonstrate that flow shape
the physical forms. In turn, the forms of the surface
influence other flows (E.g., wind, water flow) and
material movement (E.g., water, seeds distribution)
thereby performing various functions.

In recent years, the increasing popularity received by
“urban resilience” and “sustainability” concepts have
been explored from both academic and practical perspective. These concepts aim to gain understanding
of the current circumstances and make response to
future challenges.
It has been noticed that some principles applied to
resilience require more holistic thinking on the relationship between flows and patterns to support the
vital functions. To operationalize the urban resilient
concept, the designer is supposed to not only consider the space of physical place but also take into
account the space of flows. The functions are not
only determined by physical structures but also in-
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fluenced by the flow into and out of the system. This
research on pattern, flow, and function and their relationships provide an insight for designers to interpret
the general principles which refer to urban resilience.
It also supports urban actors in carrying out design
intervention to make urban resilience practical in the
place-specific context.

social-ecological system to be adaptive to the uncertainty and risk to be presented in the future (Desouza
& Flanery, 2013; Meerow et al., 2016).Through literature(Bush & Doyon, 2019; Meerow et al., 2016;
Schiappacasse, 2018), precedents, or the best cases (Lafortezza, Chen, Van Den Bosch, & Randrup,
2018) that come to a successful conclusion for practice, several general principles for urban resilience
will be drawn in the next section. Those principles
generate a connection between ecology and culture,
nature and human, land, and people. Some of the
principles focus on shaping patterns or enhancing
specific functions, while some require the holistic
thinking on the relationship between flows and patterns to support vital functions.

In this thesis, with cities viewed as a complex system, they are simplified into analytical components
based on the understanding as to the correlations between patterns, flows, and functions (Figure 6). The
capability to understand them provides humans with
the advantage in adapting and changing the environment (Salingaros, 2000). Therefrom, landscapes can
be manipulated within the frame of urban resilience
to improve resilience (Desouza & Flanery, 2013).
Urban resilience requires the capability of the urban

Figure 6: Applying the theoretical framework in urban resilience
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2.6.1 General principles for urban resilience:
Key concerns

Reducing
urban flood
risk

Pattern
- Sewer system
infrastructures
- Blue networks
(connected open
surface water)

Flow

-Water retention
- Water
infiltration

- rain water buffer zone -Slow run-off
- Impervious pavement

Function

-Regulation
function
-Reduce water in
sewer system

principle

Element

-Increase water - water
Storage
capacity
- Wadi/pond

- Create
channels that
transport the
-Top up
groundwater level water to lower
risk area

-gutters/
streams
- pervious
pavement

- Recharge
groundwater

Urban cooling

Nature
inclusive

Social
cohesion

- Green street with
canopy
- Sufficient open
public spaces

-Create wind
-Regulation
tunnel to enhance function
urban ventilation
- Reduce people
vulnerability to
heat waves

-Existing trees

-Expand the
greenery

- trees
- shrubs
- vines
-Lower carbon - grasses
emission
- pervious
creating carpavement
free zones

-Attract flow of
people to green
- Clean water resource space

-Ecological
function
-Biodiversity

- Easy access
to nature

-Mobility infrastructure

-Recreational
function

-Low-traffic
district

-Slow lifestyle,
walking as the
preferred mode

-Encourage
people to meet
and engage
with others

-Bike path and
pedestrian zone
-Accessible and
attractive connection
to adjacent
neighborhood
-Space along water
front

-Attract flow of
people to
gathering point
-Slow transport
mood

- Promotes sports
- Multimodal
mobility

- trees
- water

-Preserve
existing nature
resource

-Diversify
street layout

- trees
- pedestrian
-streets
-furniture

Reference
projects
-Copenhagen’s
first climate
resilient
neighbourhood,
Copenhagen,
Denmark
-Stormwater
solutions with
multiple
purposes,
Roskilde,
Denmark
-ZOHO,
Rotterdam, NL
-“Real cool”
project,NL
-The climate
resilient
school,
Roskilde,
Denmark
-- New marine
city, shenzhen
-The climate
resilient
school,
Roskilde,
Denmark
-Water brings
life to BishanAng Mo Kio
Park,
Singapore
-Stormwater
solutions with
multiple
purposes,
Roskilde,
Denmark

Table 1: General design principles for resilience (Generalized by author)
a pursuit of harmonious interaction between ecology,
hydrology, and human well-being. Nevertheless, it
is unlikely that those projects with a single priority
could achieve a comprehensive goal. For example,
“the first climate resilient neighborhood” project

As described previously, there are plenty of urban resilient projects adopting green-blue infrastructures in
cities to set up connection between those fragmented natural resources through a variety of spatial patterns such as green corridors. Those projects reflect
11

3. Method

Research for design (RFD) and research through design (RTD) methodologies are applied in this thesis
in order to answer the main research question and sub
research questions.

launched in Copenhagen focused on water resilience by practicing a range of decentralized water
solutions. However, it rarely took heat mitigation or
other factors into account for improving urban resilience. In this sense, a better understanding of urban
resilience is necessary to provide guidance on the
practice of design.

The analytical phase of this thesis investigated how
those urban spatial patterns with different functions
in the urban areas can be grouped together for a
more resilient urban environment. A literature study
has been done to understand the subject. This thesis
develops a theoretical framework to recognize the
spatial patterns firstly and to clarify the relationships
between the physical structures and different driving
factors in chapter 2. It is set up as an analytical tool
that assists designers to holistically consider both tangible and intangible aspects of the landscape. Therefrom, designers could take rational interventions in
practice. Additionally, this tool could help urban actors to analyze the best practices then select proper
principles that fit the site conditions.

The theoretical framework is constructed for the
purpose of breaking down an individual city into
various analytical elements, thus addressing the
relevant issue to design, landscape structure and resilience. This table shows the analysis of the most
exemplary cases in relation to urban resilience. As
summarized by the researchers, there are four major
concerns over urban resilience. For instance, they
are concerns about how to mitigate urban flooding,
reduce urban heat, improve the inclusiveness of nature, and enhance social cohesion (Bush & Doyon,
2019; Lafortezza et al., 2018).

The design phase is considered as an empirical work
in the selected case area. It functions as a tool for researching. Literature reviewing and reference studies
as a preparatory stage. Those best practices indicate
that the design principles for urban resilience are depending on the context of various scales. Those examples also verify Forman’s “patch-corridor-matrix
model”, which means that the horizontal connections
and relationships between patterns and the surroundings exist at any scale. Furthermore, cross-scale linkages are essential to make an integrated design. As
shown in Figure 7, RTD consists of a site analysis
phase and two design iterations to accomplish the final outcome.

The relevant literature and best cases lead to a constructive conclusion from practice, with several
principles that apply to urban resilience presented in
Table 1. In order for a more systematic organization
of literature review and case study, those projects
with different priorities are categorized by theme,
thus improving the understanding of the subject.
Besides, the aforementioned theoretical framework
is adopted to conduct analysis of those projects, as
shown in the columns of Table 1, which summarizes
the distinctive patterns, the essential flows in landscape, critical functions and their relationships with
the enhancement of urban resilience. It provides a
tool for designers to clarify the tangible and less
tangible factors while restricting the interventions
with design. So far, the knowledge acquired from
those best cases is transformed into the generalized
design principles that can be applied to the creation
of urban resilient projects worldwide.

The design stage covers two scales. The 1:2000 masterplan visually illustrates the outcomes of site analysis and spatial strategies for the whole neighborhood
in a larger context, and the 1:1000 site plan delineates
the most representative area in the neighborhood as a
testbed. There is ongoing feedback between designing, testing, and reflecting in each iteration eventually lead to relatively optimized design outcomes. Refinements will be presented in the research through
the design process to obtain the relatively optimal
final outcomes.
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Figure 7: Methodology employed in this thesis

3.1 Research for design

The most important task of RFD to answer sub-question 2 is to find a proper testbed start from the city
scale for research. The case study is regarded as an
experiment that requires relevant data to define problems in a particular context. Afterward, designers
need to link plans with situations and testing the validation of the theory in practice. In this thesis, the
single case study approach will be applied. It is utilized as a tool for designers to understand the characteristics of the land, physical structures, essential
flows and potential functions. Additionally, after the
case area is found, the historical policy documents,
zoning plans about this area would also be analysed.
Those data bring insight into future development and
identity.

Research for design is a method which is applied
to search the evidence that supports design decisions(Van den Brink, Bruns, Tobi, & Bell, 2016).
This thesis is based on the literature review and the
single case study approach. This method provides the
advantages to embed theories into practices that
help designers to understand the mechanisms of spatial phenomena.
A literature study has been done to answer sub-question 1: What are urban spatial patterns?
The previous research, relevant cases about synergizing various spatial patterns for urban resilience will
be studied to establish a theoretical framework. This
theoretical framework, as it is mentioned in chapter
2, is built up as a tool to reduce a city into analytical
elements that contribute to tackling the issue of design, landscape structures, and resilience (Desouza &
Flanery, 2013). It provides a new insight into the deep
understanding of the interplays between patterns and
flow to sustain various functions. Besides it also concretizes the abstract urban resilience concept in practice. Based on the interpreting of relevant researches
and cases within the framework, we concluded that
urban resilience as a final design goal need to be further refined by achieving the following sub-goals
in practice: urban cooling, reducing urban flooding,
natural inclusive and social cohesion. The outcomes
of this phase contain the theoretical framework and
general principles that are analyzed within the framework. Those outcomes are preparations for next stage
that clarify several questions about: what could be
analyzed on map? what kind of data is necessary to
collect and what is the criteria for case selection?

The second step for answering the sub-question 2 is a
data collection phase to read the landscape. Relevant
geophysical data and climate data would be collected according to the theoretical framework and design
objective. The vertical structure (landform layer, ecological layer, and cultural layer) and horizontal structure (patch, corridor, and matrix pattern) will be analysed and illustrated on maps. Before this procedure,
the Geographic information system (GIS) maps,
Google map, and Open street data would be collected to characterize those patterns and flows. Additionally, the vegetation pattern, hydrological pattern,
land use patterns, and the transportation system will
be highlighted, because according to Bell, those are
the most typical forms existing in the cultural pattern.
Besides, those patterns sustain various functions that
significantly affect the flows. Apart from the digital
data, the site visit is a necessary approach to gain an
13

to tackle the issues with a real context. As it is
shown in Figure 7, the second phase of RTD is an
iterative process that includes two design iterations
on different scales with corresponded testing phases.
Through those iterative processes, alternative designs
can be systematically improved and evaluated, such
as described by Cortesão et al. (Cortesão, Lenzholzer, Klok, Jacobs, & Kluck, 2019).

in-depth understating of the landscape. Those field
notes, sketches, and photos are used to capture landscape characteristics and for design inspiration.
The third step is data analysis and mapping at the
city scale. Relevant data of the whole neighbourhood
will be objectively interpreted according to the theoretical framework and those guiding principles from
urban resilient projects. Mapping has been done to
visually illustrated those patterns with their potential
linkage and interactions. Furthermore, the distinctive
features of the landscape, especially those patterns
with a strong identity, are defined.

•

Design iteration 1 illustrates a master plan at a
city scale and bridges the gap between research
and practice. The outcomes visualize the result
of site analysis and those selected principles.
Relevant spatial strategies at a large scale have
been applied within the context. Besides, an opportunity plan has been identified in line with
the SWOT analysis and field trip. Those interim
products are communicated to my supervisors as
well as an external expert in The Hague municipality-Wiebke Klemm, who is familiar with the
area and specializes in green urban planning and
design for climate-proof cities. Testing is done
through the consultancy meeting by the expert.
The form (shown in appendix A) with scores is
a pre-assessment before the design. This testing
ranks the quality of the existing condition of the
neighbourhood, therefore highlights the most severe problem that requires high priority. During
the meeting with the experts, it was decided to
zoom in to a site area that prioritizes the sub-goal
of reducing urban flooding. Besides, the design
concept and the feasibility of strategies are also
discussed with experts to inform the design for
iteration 2.

•

The design iteration 2: zooming in on a most
reprehensive and most problematic area in the
neighbourhood. Stationsbuurt district is selected
from the whole neighbourhood as a testbed for
design because of the following reasons. First
of all, it includes all the typical typologies identified in the whole neighbourhood. Secondly, it
is a historical area in low-lying land, whereas is
vulnerable to both urban flooding and heat stress.
Thirdly this is a mixed neighbourhood with more
than 6000 inhabitants. And it is located in the city
gateway, has a large volume of commuters.

3.2 Research through design

Research through design method is employed in the
thesis to shape the design iterative design activities
(Lenzholzer, Nijhuis, & Cortesao, 2018) . There are
continuous feedback, testing and refinements in this
process to integrate different disciplines therefore
optimizing urban resilience design.
3.2.1 The RTD process
The first phase of the RTD is utilized to get an extended description of sub-question 2. As it is illustrated in Figure 7, the site-specific analysis includes
SWOT analysis, typical typologies identification. In
this phrase, those distinctive patterns on maps and
data are divided into four categories: land use map,
mobility map, maps relate to the water system, and
maps relate to the green system. The SWOT analysis
has been done for each category that corresponds to
the sub-goals, to actualize urban resilience. For instance, urban cooling, reducing urban flooding, natural inclusive, social cohesion. Base on this analysis,
the threats, and opportunities of the site can be determined. It is also helpful to select site-specific design principles from literature (Table 1). This design
reflection process links data with the corresponding consequences. The outcomes comprise a table
of swot analysis and spatial strategies that link the
neighbourhood with the surroundings. This phase not
only informs the answer to sub-question 2 but also
provides an underlying context for the design question (sub-question 3).
The sub-question 3: “Which pattern can be implemented into the design with multiple functions?” is
a design question. According to the characteristics of
identified patterns, those selected design principles
refer to urban resilience will be applied strategically

After the testbed was selected, the design interventions are applied to different typologies at the site
scale, addressing key concerns with the goal of en14

hancing resilience. Those selected design principles
from sub-question 2 are consistent from large scale
to site scale.
3.2.2 Evaluation
It is important to note that there was no possibility
of doing research and finishing an optimized design
by a one-pass operation. This means that there was
testing along with designing, and the results of testing inform the design alternatives. The design tackles not only underlying issues of the project but also
future challenges. In response to the governmental
brief for future development, several desired functions and sub-goals refers to resilience would be selected as criteria to assess each design alternatives.
•

The drafts in combination with the assessment
form (shown in Appendix A) were discussed
with the experts during each consultancy meeting. Thereby the drafts were further improved
after incorporating all the suggestions/comments
from the experts. Mark Zandvoort is specialized
in the field of water and the relationship between
space use, infrastructure, and long-term transformations. Dr. João Cortesão is specialized in the
field of designing resilient urban climates, vegetation-based interventions, and water-based interventions. Both experts would rate the original site
and each design alternatives from their expertise
and experience.

•

The assessment form contains 12 evaluation indicators to quantify four main concerns that relate to urban resilience. The scores rank from -2
to 2, meaning the extent of resilience from worst
condition to optimum condition. For instance, -2
means the worst condition. 2 means the relatively
optimum condition. Accordingly, the feedbacks
and scores are collected from experts by using the
evaluation form to rank the extent of enhanced
resilience.

Based on those feedbacks, the design would be updated accordingly towards a relatively optimum design plan. There are continuous feedbacks between
designing and assessing. Eventually, a relatively optimal design can be obtained after a series of design
phases, assessment phases, and adjusting phases.
Thereby, the sub-questions are answered accordingly.
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4. Analysis

It has been chosen as an exhibition neighborhood
to show resilient adaptations at the gateway of The
Hague. There are several reasons for choosing this
area. First, it is a heavily urbanized area. The Stationsbuurt often plays an essential role in a city, making it
a popular place for commuters because it is the best
accessible area for large flows of people from all parts
of the country. However, the function of the station
area in The Hague is monotonous, and the space is
poorly-utilized. Secondly, it is occupied with distinctive patterns, such as railroads, trams, canals, roads.
These structures make this area disconnect from an
adjacent place. Thirdly, the neighborhood has some
wide avenues which are occupied by cars and have
more than approximately 80% impervious or builtup surface. Besides, it lacks open water resources
and qualified green space. Therefore, stormwater
can quickly overrun the drainage systems, leading to
flooding with pollutant-laden water. Above all, the
area located at the city gateway attracts a large flow
of people, but it is prone to urban flooding and urban
heat island effect due to the limited water drainage
and limited greenery. In facing increasingly extreme
weather caused by climate change, this area needs a
set of proactive solutions towards urban resilience.

This chapter elaborate the criteria for case selection
according to the research subject, and clarifies the
two design scopes at different scales. Moreover, it
delineates the core area in the neighborhood as a testbed. Apart from this information, this chapter encompasses the typical typologies, photographs, and notes
from field study which is a useful tool to gain inspiration and deep interpretation of the area. Based on
all those data and personal interpretations, the SWOT
analysis is presented as a useful tool to provide insight into design.

4.1 Case study area

There are several criteria applied to the selection of
cases according to research subject. Firstly, it is supposed to be located in an urban area with resilient
water retention and coolness in the future. Secondly, the area shows diversified and distinctive patterns
and functions, and it is probably adjacent to urban
green space or the source of water. Besides, it should
be of feasible size, and fit for landscape design intervention.
The Figure 8 shows the design scope of The Schilderswijk & stationsbuurt district for the masterplan.

Figure 8: Aerial map of Schildersbuurt and satationsbuurt district, The Hague (Adapted from Google Maps)
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Figure 9: The case study context at regional scale
As it is shown in Figure 9, the Stationsbuurt and
Schilderswijk neighborhood is located at the city gate
of The Hague. This map indicates the advantages of
mobility and accessibility of this area. The whole
neighborhood is situated in between two main train
stations, within a 10-minute walking distance from
the city center to The Holland Spoor station. The
train stations connect commuters to the central area
from the adjacent suburbs. Apart from the convenient
on-land traffic, this site takes the advantages of the
canal ring of The Hague. It has potential to connect
the site with the canal to promote a new clean mode
of public transportation, for instance, implementing
water bus to explore the inter-city and outer-city in
the future.

parks are distributed in the region for the regulation
function. However, the case study area is a missing
link of the regional ecological chain due to heavily
paved settlement area with limited greenery. Therefore, adequate design improvements are necessary to
upgrade the area and maximize the ecological values
in the region.
Based on the literature and design, this thesis will focus on pattern research form theory to practice, therefrom define synthesized design activities by interconnecting place-specific patterns, functions, flows that
contribute to urban resilience. This process needs to
zoom in to find a proper core area to test the practice.
As it is shown in Figure 8, Figure 9, and for the reasons mentioned in the previous paragraph, the Stationsbuurt was selected as a testbed on the site scale.

From the landscape ecological point of view, the
“Patch-Corridor-Matrix” conceptual model, can be
utilized to read this map. For instance, there are several distinctive patches on the land. The national
17

4.2 Landscape characteristics analysis

since 1992. it was pointed out in the government re
port that more attention shall be brought to improving the quality of public space for citizens regarding
the diversified development in this area.

This section discusses the most distinctive landscape
characteristics and the problems in the Stationsbuurt
and Schilderswijk neighborhood. It starts with the
historical overview of the area, providing significant
insights for future development. Consequently, it
will go more detail to the relevant climate data and
the geophysical situations, figuring out the limitation
of the land and the urgent problems threatening the
system in the longer-term.

Thus, there is an underlying question: what is the
future for the area? This area is a mixed place for
more than 6,400 residents. It is a gateway in close
proximity to the HS station connecting The Hague
to other parts of the Netherlands, and there are more
than 35,000 commuters crossing this area to city
center on a daily basis. As a city gate, the landscape
needs to be upgraded not only for locals but also for
those commuters. Besides, the NAP of this area is
-0.43m, and the maximum allowable water level rise
is 30cm. When faced with more and more natural
disasters caused by climate change, this flood-prone
area needs a series of adaptations to enhance the ca
pability to respond to and recover from them. Relying on the advantage in the location of city gate and
abundant historical resource, this area is potentially
improved as a paradigm resilient neighborhood for
people who appreciate the urban life.

4.2.1 Historical development
Returning into the history of the Zusterpolder in
1843, the Holland Spoor station was opened at this
time and the district owes its name to the station.
From 1850 to 1910, the district experienced a rapid development. In 1860, two large green spaces
(the Huijgenspark and the Oranjepleinplein) were
constructed in the area. It was then converted from
a swampy peat area into a residential area for the
working-class. Up to now, there have been more than
6,400 people taking residence in the stationsbuurt.
However, the citizens complained about this area for
being excessively soggy and moist. The first urban
renewal was carried out in 1980s, when a lot of social housing was built for the increasing population
of working class. There are a number of highlights
in the urban reconstructions between 1860 and 2015.
For instance, a majority of the original buildings had
been replaced with new buildings

Figure 10: timeline historical development of the neighborhood
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4.2.2 Climate data

Figure 12: the monthly precipitation of The Hague
in one year (Source: from KNMI,2019)

Figure 11: the average high and low temperature of
The Hague in one year (Source: from KNMI,2019)

The climate data on The Hague is collected from
KNMI. As shown in Figure 11 to 13 above, the warm
season starts from June to September. The highest
temperature occurs in August, and the direction of
prevailing wind in summer is west. During this period, the precipitation is relativity high, especially in
August and September, indicating that preparations
are needed for this area when faced with the challenge of extreme weather conditions and climate
change in the future.
Figure 13: the mean wind direction of The Hague in
one year (Source: from KNMI,2019)
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4.2.3 Site analysis

Figure 14: Topography map
(Source: adapted from https://denhaag.klimaatatlas.net/)

Figure 15: Height map
(Source: adapted from https://denhaag.k

From the AHN maps above, show that where the height and levels
are located and in which direction the water will roughly flow when
it rains. Those lowest lands are the most vulnerable areas to pluvial
flooding when extreme rainfall occurs.

The height map above shows that the m
located at least 2m under sea level. In t
resilience, the lowest areas have a high r
sufficient water drainage and water sto
these areas.

Figure 17: Impermeable paved areas
(Source: adapted from https://denhaag.klimaatatlas.net/)

Figure 18: Green-blue areas
(Source: adapted from https://denhaag.kl

This area is heavily paved (80%) by impermeable materials: those
materials influence the water infiltration and severe urban heat island
effect.

This area is surrounded by a canal, which
ture. Some community parks distributed
certain green or blue network that can m
natural resources.
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klimaatatlas.net/)

majority part of the land is
the context of urban climate
risk of pluvial flooding. Thus
orage system is essential to

limaatatlas.net/)

h is the only open water fead in the area. But there is no
maximize the value of those

Figure 16: Existing buildings
(Source: adapted from https://denhaag.klimaatatlas.net/)
This neighborhood is a compact residential area. Many of those houses are replaced by new construction in the context of urban renewal.
According to the residents, they complain about that there were too
many neglected buildings, a few good stores, few qualified outdoor
space.

Figure 19: Land use map
(Source: adapted from https://denhaag.klimaatatlas.net/)
This area is a residential settlement with several mixed-used houses
for business. The area connects The Hague city center and the HS
train station. It has clear axes of the road which navigate people and
cars to cross the field. However, this area is fully occupied with cars
that served as a parking area or passages for vehicles.
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4.2.3 Site analysis

Figure 20: Flood-prone area
(Source: adapted from https://denhaag.klimaatatlas.net/)

Figure 21: Surface runoff
(Source: adapted from https://denhaag.k

The map shows that when extreme precipitation (70mm in one hour)
happens, the water depth(waterlogging) of the area. The dark blue
area shows that in the basin area, the water depth reaches more than
20cm. And it is the most vulnerable area for flooding. Besides, those
roads are impassable for passengers.

Due to the abundant impermeable area
rainwater flows on the roads. The exis
potential to serve as sponges that deten
However, current green spaces have lim
location.

Figure 23: House damage due to flooding issues
(Source: adapted from: ttps://denhaag.klimaatatlas.net/)

Figure 24: Walkability of roads during e
(Source: adapted from https://denhaag.kl

The map indicated that the houses built in the basin area are vulnerable to flooding issues. As it is shown in map, water damage can cost
more than 320 euro/m2. Therefore, proactive measures are required to
make this neighborhood more resilient when facing extreme weather.

This map shows the walkability of roa
When 70mm/h rainfall occurs, 1/3 of th
cially in the basin areas. The impassable
of the neighborhood are the most impor
people, especially for commuters.
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klimaatatlas.net/)

Figure 22: Sewer system map
(Source: adapted from https://denhaag.klimaatatlas.net/)

a, a considerable amount of
sting green spaces have the
nt and abort some rainwater.
mitations due to their size and

The sewer system in the area combines wastewater with rainwater.
When extreme rainfall events fluently occur due to climate change,
the capacity of discharge is likely to be a problem.

extreme rainfall
limaatatlas.net/)

Figure 25: Heat map
(Source: adapted from https://denhaag.klimaatatlas.net/)

ads during extreme rainfall.
he road is impassable. Espee roads at the main entrances
rtant routes for large flow of

The heat map shows the warmest places in the area, and relatively
cooler areas, those cooler areas are parks and community gardens.
The map shows that those paved area, especially those narrow alleys
which lack greenery, lack air flows are the warmest area.
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4.2.3 Site analysis
Figure 26: Trace of human
(Source: adapted from https://denhaag.klimaatatlas.net/)
The GPS trace of humans indicated
the most popular route for peoples,
especially pedestrians. This map
also shows that the majority choose
the shortest path to cross the area,
while some locals might find a way
in those green spaces for temporary
cooling. Form this map, several entrances of the area can be identified.

Figure 27: Mobility infrastructure
(Source: adapted from https://denhaag.klimaatatlas.net/)
The map shows the main road structure and tram patterns. One of the
main roads connects the HS station
and the city center. Station area often plays an essential role in a city,
make it a popular place for commuters because it is the best accessible
area for large flows of people from
different parts of the country.
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4.3 Defining recurring typologies

Table 2: The recurring typologies of the neighborhood
The typical typologies of the case were identified during the field study. As shown in those
photographs, different spatial configurations constitute waterfront, the entry plaza of the train
station, the canal, blocks, community gardens, and roads that characterize the neighbourhood
as a whole.
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4.4 SWOT analysis
Urban cooling
S
Land
use

W

-has clear axis par-dense built
allel to main wind
area, mostly
direction in summer enclosed which
lack of natural
-an entrance for
ventilation
large flow of passengers from station to -80% hard
city
surface would
worsen UHI

Reducing urban flood risk
O

T

S

W

-implement
permeable pavement

-save
more
space for
green
while
still
maintain
enough
room for
cars and
parking

-an
entrance
for large
flow of
passengers
from
station
to city

-most of the
land is under
sea level

-implement
permeable
pavement

-80% hard
surface affect
the natural
infiltration

- demolish
some of
the most
vulnerable
buildings
to liberate
space for
water

-narrow some
street, liberate
some space for
green

- open some
building and
-parking area
occupy most of blocks
the streets
-move parking
lot to shady side
of street or shops

-the main
entrances for
larger flow
of people are
most prone
area for flooding

-vertical parking

Mobility -Multiple mode of
transportation

Water
system

-The waterfront
of canal provides
coolness

-Main entrance - create more
- space for
for larger flow canopy
green is
limited
of people exposes to heat
-implement
green space like
“oasis “for people
-massive
cyclists cross
temporarily escape from heat
the park for
coolness which
degrades space - open some
quality for
building and
pedestrians
blocks
-80% hard
surface affect
water infiltration

- create wadi in
widest street
- regenerate
waterfront

-water damage to house

-Multiple
mode of
transportation
-Close
to canal

-upper
-Close
land only to a
vulneracanal
ble to heat
- low land
both vulnerable to
heat and
flooding

-Main road is
vulnerable to
flooding
-impassable
road in the
main entrance
when the extreme rainfall
occurs

-lack of water
body
-Combined
sewer system

O

-implement
water bus
- collect
rainwater in
the flooding
prone area in
street

-separate
rain water
with waste
water
-creating
channels
lead large
quantity
of water to
canals

T
-save
more
space for
water
while
still
maintain
enough
room for
cars and
parking

S
-Each block
has community
gardens

-historical
buildings
are in
prone
area

- space for -Pedestrians
water is
prefer to pass th
limited
green space

- low land -The waterfront
both vul- of canal
nerable to
heat and
flooding

-create green
stream in
landscape

Green
system

-The existing old
trees and green
space provides
coolness

-the size of
green space
and location
of green space
have limitation
to heat mitigation

-Preserve old
trees
- create more
canopy
-introduce green
into enclosed
blocks

- space for - The
green is
existing
limited
parks
in the
floodprone
area

Table 3: SWOT analysis
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- parks also
heavily paved
with impermeable
material

- implement
permeable
pavement

-space
need to be
functional
both in
-use the
rainy days
vegetation to and sunny
purify and
days
retain water

-The existing old
trees and green
space in each
block

Nature inclusive
W

O

T

S

W

-Most of the
community garden serves only
as a playground

- Make a green
network which
link those
gardens

-Some
gardens are
surrounded
by massive
parking lot

- The site
close to train
station which
brings large
flow of passengers

- the green
space is only
serves for
residents

- space for
green is
limited

-Multiple
mode of
transportation
- The site
close to train
station which
brings large
flow of passengers

-Main entrance from
station to city
center lack of
attractiveness

- Canal can
facilitate
water bus as a
mode of slow
transportation

-Lack of
water body
for entertainment and
relaxation

-Using green
and blue
elements to
create gathering spots
for people

- Space for
green is
limited

- The existing
green space
is nonfunctional and not
attractive

- make
a green
network
that link
the existing
green space

- Space for
green is
limited

- large amount of
surface parking
-Build vertical
parking with
green roof

-the area is
he occupied with
large amount of
surface parking
and road

t

d

Social cohesion

-there is no open
water feature in
existing gardens
- the canal is
the only water
feature lack of
natural value

- Many gardens
are paved with
hard surfaces
and lack of natural values

- create more
canopy along
roads
- pedestrianized some road
make it greener

- create water
landscape in
existing gardens
- enhance
waterfront
through
creation of
new parks and
make connection with
blocks along
the waterfront
-Preserve old
trees

- create more
canopy
-introduce
-Existing gardens green into enare only covered closed blocks
by grass which is
not biodiversity

- space for
green is
limited
-The water
need to be
clean

- space for
green is
limited

O

-the site is
now as surface parking
area which
lack local
identity

- No bike
path in the
site

- provide
space and
services
for both
passengers
and local
inhabitant

-the different need
of local
residents
and need
for most of
passengers
is different

-Improved
the landscape of the
entrance
and station
plaza

-make
the main
entrance attractive and
navigate
passengers
to city
center

-build bike
path network

- waterfront
can be an
attractive
landscape

- Each block
has community gardens

-create
multifunction garden
that attract
different
group of
people
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T

-The water
need to be
clean

4.4 SWOT analysis

The SWOT analysis scheme ( shown in Table 3)
presents the analytical results of the aforementioned
maps. Firstly, those collected maps are categorized
into four rows to represent the information about
land use, mobility, water system, and green system,
respectively. While the columns indicate four predefined concerns over urban resilience, for example, heat mitigation, reducing urban flooding, nature
inclusive and social cohesion. Based on the conditions of the site, the area is analyzed for its strength,
weakness as well as the opportunity and threat it is
presented with. SWOT analysis provides an effective tool for gaining insight into the resilience of
land from a different perspective.

distributed across the area, both size and location
have impact on the mitigation of heat stress and
flooding reduction.
•
O(Opportunities) of the area can be achieved
in land use by replacing the paved area with impervious pavement or green space. Besides, some excess
streets are narrowed to liberate some of the space
for greenery. Apart from that, implementing vertical
parking in the major public transport hub instead of
surface parking also contributes to freeing up space
for greenery. With regard to the green system, potentially, opening some blocks and pedestrianizing
some roads that combine these green spots as a
park network can be conducive to maximizing the
value in mitigating heat stress and water retention.
Moreover, the waterfront of the canal can be converted into an attractive linear park for the buildings
close to the canal. With regard to the water system,
potentially, it can be improved by separating the
rain water from the sewer system and integrating
it in the landscape by creating a natural stream that
quickly drainage the overflows to the canals. As for
mobility system, it has potentials to transform from
a car-oriented area into a transit-oriented area with
alternative transportation choices within a comfortable walking distance. For example, new mode of
transportation such as water bus can be implemented in the existing canal providing convenience for
the citizens. In addition, streets are well organized
in the neighbourhood to prioritize pedestrians and
bicyclists for safe crossing.

•
S(Strengths) of the neighborhood is manifested in various aspects. Form the land use in the
area, the urban forms show a clear axis that is parallel to the prevailing wind in summer, which is
conducive to ventilation. With regard to water retention and nature inclusiveness, each block in the
area is comprised of various gardens, which provide
a valuable resource that can be potentially upgraded and transformed into rainwater garden. Besides,
there is a crucial advantage that the area is endowed
with for its location. As for mobility, it is accessible
through various means of public transport. Since it
is located at the city gate that connects the train station with the city center, a large number of people
are attracted to the area. Therefore, it is regarded as
an ideal place to promote a new lifestyle as well as
a paradigm of resilient and livable neighborhood.
•
W(Weaknesses) of the neighborhood from
the perspective of urban resilience is reflected in the
heavily paved areas and confined space for greenery and limited room for water retention. In terms
of land use, it is a densely built area with a lot of
surface parking. Even in the parks, as shown in the
image captured during field study, there are plenty of impervious areas. As for mobility, within the
neighborhood, there is no predetermined route for
pedestrians and cyclists. At the time of field study,
many cyclists need to cross the park or encroach on
the motorway, which puts both pedestrians and cyclists at risk and brings unpleasant experience. With
regard to the water system, it adopts the integrated
sewer system, which is faced with increased burden
due to a large amount of precipitation. For the parks

•
T(Threats) of the area lies in heat stress
and urban flooding due to limited greenery, water
storage and inefficient water drainage system when
more extreme climate change would occur in the future. A large proportion of the land is located at least
2m below the sea level. When the storm occurs due
to extreme weather, the housing and infrastructures
suffers heavy losses. To make it worse, the core
area in the neighborhood, Stationsbuurt, is a historical area and has the main transport infrastructure.
The entry plaza accommodates a large number of
commuters from station to city on a daily basis. As
shown in the site analysis maps, this basin area is
vulnerable to both heat stress and flooding.
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5. Research through design
opportunities of the area and provides a signifcant
insight into the systematic design strategies. In this
Figure, the location of existing parks in the neighborhood is determined by Google map. There are some
potentials to upgrade the landscape. First of all, it has
a potential to transform the existing motorized roads
into pedestrian loop for connecting the parks, thus
providing shelters for people from heat stress. Besides, the trees create a wind tunnel in parallel with
the prevailing wind during the summer months, thus
enhancing the effect of ventilation for the neighborhood. Secondly, it has a potential to make use of the
green/blue infrastructure for creating a permeable
park network that could retain the overflow of storm
water and reduce the drainage burden placed on the
sewer system. Last but not least, among those pedestrian areas, considering the different users in the area,
the distributed parks are integrated into a slow lane
network with recreational functions for the locals
who want to get close to nature, while the clear navigation combined with nature is needed from train station to city center is for commuters, who has a clear
direction.

This chapter illustrates the design process on different scales. The design iteration 1 represented the
whole neighborhood at the city scale. It started with
visualizing the opportunity plan by synthesizing a
SWOT analysis and the field study. Besides, the design concept is celebrated in this chapter which is
used as a guide during design. Based on analysis, a
number of site-specific design principles are selected
and synthesized from the theory chapter. Additionally, for each design principle, the corresponded design
strategy is defined and illustrated in the spatial structure maps and diagrams. The design iteration 2 represented the core area-Stationsbuurt narrowing down
to site scale. The RTD method was employed in the
design stage. In this section, the design alternatives
and refinements will be presented in the RTD process
to obtain the relatively optimal final outcomes.

5.1 Design iteration 1- city scale
5.1.1 The opportunity of the case area
The opportunity plan(Figure 28) visualizes the outcomes of the SWOT analysis, which shows the

Figure 28: The opportunity plan
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5.1.2 Pre-assess the case area with experts before designing

Figure 29: the SWOT analysis and initial spatial strategy were discussed with the expert
The expert consultancy was carried out during the
meeting with Dr. Wiebke Klemm. Wiebke is a senior policy advisor at the Municipality of The Hague
who specialized in the fields of urban green and
blue infrastructure, climate change adaptation, and
heat resilience in cities.

However, this area has many weaknesses in different aspects. I had difficulties to choose a starting
point then. Through the discussion and with the help
of Wiebke, the space quality of the original area is
evaluated by using the assessment form in the meeting. The result is shown in Table 4. She mentioned
that, overall, those design strategies and the design
concepts would potentially make some difference.
However, before making further edits of design,
some design interventions require higher priority to
mitigate the most severe problems in the area, such
as urban flooding issues (the red box as she indicated in the assessment form).

During the expert consultation meeting, those collected data and my initial analysis were discussed
with her. Thereby, feedbacks and her insights were
retrieved from that meeting. For instance, I presented the outcome of SWOT analysis to Wiebke. And
I proposed an initial spatial strategy based on the
analysis as it is shown in Figure 29. The idea is to
maximize the value of existing green spots by interconnect them with a pedestrian loop.
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Table 4: pre-evaluation the site with the expert from The Hague municipality
The assessment form is adapted from a literature about developing the key indicators measures for urban
resilience (Gharai, Masnavi, & Hajibandeh, 2018). The adapted form contains 12 evaluation indicators to
quantify four main concerns that relate to urban resilience. The scores rank from -2 to 2, meaning the extent
of resilience from worst condition to optimum condition.
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5.1.3Design concept-fluid landscape

Figure 30: Design concept (Adjusted from the resilient neighborhood project "Schalkwijkerhout ,Haarlem" by auth

The area of case study reminded me of a similar
project which I engaged in during my internship
in Boom landscape. Because both the two projects adopt a set of green/blue infrastructures for
the enhancement of quality in the area. Within the
neighborhoods, there is room allowed for rain, to be
precise, a slow system that buffers, filters, and recycles rainwater to reduce the risk carried by flooding
while integrating the landscape for increasing aesthetic values. The greenery is expanded in the areas by planting trees between blocks, which softens
the edge of building while making the residents feel
like living in a forest.

aerial map and interviewing the local inhabitants in
the case study area, I realized that the value of those
green spots is limited by their size and location, despite the widespread distribution of community gardens.
Additionally, inspired by the “Schalkwijkerhout,
Haarlem” project, I integrated the site conditions
with the research subject, based on which the design concept-”fluid landscape” for the Stationsbuurt
and Schilderswijk neighborhood was generalized to
guide the design of research. For instance, in this design, based on the in-depth understating of patterns,
flows, functions, our focus is placed mainly on the
most representative flows within the urban system,
such as wind flows, water flows, the flows of population, and traffic flows. The “fluid landscape” concept addresses the research subject about the anal-

As shown in Figure 30, the Schalkwijkerhout neighborhood has the pursuit of achieving a resilient living environment through the integration of human,
ecosystem and water system. When looking at the
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hor during the internship in Boom Landscape)

ysis of the interrelationships of patterns, flows and
functions with design by interweaving the green and
blue space to create a resilient living environment.

As for site design, the fluid landscape is represented
by the water being integrated into design in the form
of lakes and flowing stream. On top of that, the tree
tunnels are used to provide air flows for improving
natural ventilation. The concept is coherent from
large scale to site scale. The large scale provides the
context for the site design. And the site design elaborates the master plan and spatial strategies with
more details.

The concept, as mentioned previously, reveals that
in this thesis, the flows will draw special attention
among those factors (pattern, flow, function) for
consideration and systematic organization in design, thus shaping a more holistic landscape.
The “fluid concept” is also manifested in plan drawing on different scales. For the master plan of city
scale, the fluid concept is applied to organize the essential flows in the land, thus linking park network
to decentralized water buffers. Besides, these green/
blue landscapes are taken advantage of for attracting the people’s flow to engage in various social activities.
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5.1.4 Generating design principles/ strategies
In this part, new knowledge is acquired through the
synthesis of previous chapters, theory and analysis.
Based on the analysis and my personal understanding of the nexus among patterns, flows, functions
of the case study area, a number of design principles are selected for each theme listed in Table 1
in the theory chapter. Then, the combinations are
transformed into a new set of design principles that
apply specifically to the whole neighborhood on the
city scale (Shown in Figure 31).

These design principles involve the core of the
subject, to reveal a comprehensive combination of
four major concerns over urban resilience. They are
planned to be put into design practice on city scale
and to be further tested in the following process. For
each design principle, there is a corresponding design strategy related to organizing different flows in
the landscape as a system. To achieve this goal, the
relevant measures are taken to shape those flows,
thus maintaining certain functions in the system by
shaping the specific patterns as listed in the table as
well.
Principle 1: Low CO2 emission neighborhood

Principle 2: Co-living with water

Principle 3: Upgraded social connectivity for
different users

Principle 4: Living within the park network

Figure 31: The selected design principles for the case study area
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5.1.5 Spatial structures

Figure 32: The spatial structure of the case area
The spatial structure maps illustrate the combination of opportunity plan and the generalized design strategies presented from 5.1.4 on the site. The
fluid concept as referred to in the preceding paragraph 5.1.3 guides the practice of design strategies
site-specifically. Firstly, the connections of the existing parks area are utilized to upgrade the green
network for optimizing the ecological values and
producing microclimatic cooling effects. Secondly,
the existing parks are converted into a series of decentralized slow-system applied to buffer, filter, and

recycle rainwater. Thirdly, the slow lane for cyclists
and pedestrians are separate from the fast road. In
this case, the implementations of convenient various public transportation make the area more accessible, thus transforming the car-oriented area into
people-oriented area as support for the pledge made
by government. One of the main avenues is retained
for cars to quickly pass by or connect to the neighborhood. Another excess avenue is pedestrianized
and connected to the park network for both locals
and commuters, thus facilitating social activities.
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5.1.6 Design layout

Figure 33: The design layout
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As shown the design layout diagram (Figure 33), the
most typical typologies (E.g., canal, road, gardens,
etc.), essential flows (E.g., airflow, water flow, and
people’s flow, traffic flows) and functions (E.g., regulation function, recreational function, etc.) of the area
identified from the map.
First of all, to facilitate slow traffic flow, the design
transforms the case area from a car-oriented area
into a transit-oriented area with multiple transportation choices within a comfortable walking distance.
It also separates the slow traffic flow from current
traffic conditions. For instance, the streets are well
organized in the neighbourhood as a loop to prioritize pedestrians and cyclists for safe crossing. The
pedestrianized area connects to the existing green
spots providing shelters for people from heat stress.
Secondly, with regard to the green/blue network in
the residential area, opening some blocks to claim
more space for greenery, outdoor activities and water storage by interweaving these spots as a park network can be conducive to maximizing the ecological
function and recreational functions in mitigating heat
stress, social cohesion, and water retention.
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5.1.7 Design outcomes

Figure 34: The master plan on 1:2000 scale

The masterplan details the content of the analytical elements and the design principles of space organization. It was
the core area for the site design at 1:1000 is delineated in the map (Figure 34). To synthesize the the design ingredie
design concept, several selected design principles about urban resilience in the preceding paragraph is applied in thi
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s drawn at a 1:2000 scale and the scope of
ents (identified in Figure 33) and echo the
is process.

Principle 1: Low CO2 emission neighborhood
It separates the traffic flow and the flow of pedestrians. Besides, by implementing a convenient public
transportation system, such as tram and water buses, the neighborhood aims to encourage residents to
drive less and reduce CO2 emission.

Principle 2: Co-living with water
The rainwater is collected and integrated into the
landscape for recreational functions. The enhanced
water storage and drainage ability protect the area
from extreme weather caused by climate change.

Principle 3: Upgraded social connectivity for different users
The spaces inside the blocks are utilized to expand
greenery. The community gardens are upgraded as a
meeting place for various social activities.

Principle 4: Living within the park network
It transforms the impervious area into green space
and interweaves these spots as a park network. The
neighborhood provides shelters for pedestrians escaping from heat stress.
Figure 35: The selected principles applied in design
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5.2 Design iteration 2- site scales
5.2.1 Delineate the scope of site design
Narrowing down to the site scale, the most representative area within in the neighbor is delineated
to be a testbed for design interventions to answer
sub-question 3. There are several underlying criteria
for choosing this area.
First of all, as it is shown in Figure 36, the Stationsbuurt has all the typical typologies of the neighborhood, including “station plaza”, “various street
layout”, “community parks”, “blocks”, “canal” and
“waterfront”.
Secondly, this area contains a city gateway which
attract large flow of different users. And it currently
serves as a meeting place for local residents and allows commuters to quickly pass through the area to
the city center.

Heat stress

Thirdly, this area has two community parks and
some green spaces inside the blocks, thus providing
more open spaces for the test on design interventions.
Flooding risk

Fourthly, and the most importantly, it is the most
problematic area with many conflict in the city gate.
As shown in Figure 37, it is a historical area built in
1850. However, it is both vulnerable to urban heat
island effect and pluvial flooding caused by climate
change. The experts from The Hague municipality
also indicated that certain attention should be paid
on the flooding issues in the area. The result of flooding risk simulation is shown in Figure 38.

Figure 37: The conflicts of the Stationsbuurt
(Source from: Regels van het bestemmingsplan Stationsbuurt)

Figure 36: Stationsbuurt encompasses typical typologies (Source: Adapted from Google map)
40

Note: This water level means meters above the local high tide line instead of standard elevation

Water level rises 30cm
(frequency 20 years)

Water level rises 60cm
(frequency 50 years

Water level rises 90cm
(frequency 100 years)

Figure 38: The flooding risk of the Stationsbuurt
(Source: Data from Climate Central, http://sealevel.climatecentral.org)
As is shown in the flooding risk map (Figure 38), the majority part of the land is located 2m under sea level
with the maximum allowable water level rises 30cm. Therefore, adequate design solutions are necessary to
be implemented in the core area to enhance urban resilience.
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5.2.2 Design alternative 1 and feedbacks
The first design alternative starts with opening the
blocks and connects the green space with pedestrian
areas and the existing parks. By implementing this
green corridor, the site increases 6 hectares of green
space with the 4544 m2 open water surface in the
form of a flowing stream. Based on the expert judgment and statistic from SBRUCRnet (shown in Figure 39), the previous green space enhanced the water
infiltration thus reduced at least 2186 m3 rainwater
in the sewer system per year.

Concerning the green network, the continuous greenery is implemented throughout the pedestrian areas
and slow lanes in parks, which provides temporary
coolness for people escaping from heat stress. Additionally, the dense forest is also implemented at the
interface of the pedestrian area and park for ecological values and heat mitigation. Moreover, considering different users of the area, the design enhanced
the space qualities not only for residents but also for
commenters who need to pass the area without the
disturbances of traffic flows.

Figure 39: The first design alternative
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• Assessment for the first design by experts
The first design was presented to the two experts
(Dr. Mark Zandvoort, Dr. João Cortesão) during my
thesis meeting. And the feedbacks are retrieved by
using the elevation form, as it is shown in Table 5.
Comparing this design with the original site, to some
extent, there are some improvements in heat mitigation and flooding reduction due to the expansion of
the impervious area, the capacity of water storage,
and expand of greenery. However, as discussed in the
preceding chapters, it is impossible to finish an optimized design by a one-pass operation. The scores of

the first elevation form indicated that there are some
limitations of the design alternative 1 (as they are
highlighted in the red boxes). First of all, in terms of
natural inclusive and heat mitigation, the stream pattern can be reshaped with a natural experience. The
dense forest pattern would maximize the ecological
functions, however, as João noted that in the compact
residential area, it will confine the natural airflows.
Secondly, although the design improves the slow
lane for people, it still lacks qualified outdoor space
for social cohesion. Thus, there is still space for improvements addressing these issues.

Table 6: The result of evaluation by comparing the second design alternative with first alternative
Note: The assessment form is adapted from a literature about developing the key indicators measures for urban resilience (Gharai, Masnavi, & Hajibandeh, 2018). The adapted form contains 12 evaluation indicators to
quantify four main concerns that relate to urban resilience. The scores rank from -2 to 2, meaning the extent
of resilience from worst condition to optimum condition. The red boxes mean the remaining flaws that need
to be adjusted in next design attempt.
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5.2.3 Design alternative 2 and feedbacks
Base on the feedback from the first evaluation. Some
improvements are presented in the second design alternative. First of all, the finger-shaped forest with
tree tunnels, which is parallel to the direction of the
prevailing wind in summer for improving natural
ventilation. Secondly, the water is integrated into the
landscape in the form of a natural stream, besides it
enlarges 60% of water surface comparing with the
last design.

Additionally, the rainwater is collected on the roads
and combined with plants constructing a bioswales
network. Therefore, the water storage capacity of the
area has been further improved. Thirdly, the public
space and various street layouts are improved along
the stream in the parks and the entry plaza with recreational function.

Figure 40: The second design alternative
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• Assessment for the first design by experts
The adjusted design is also presented to the two experts to receive the feedbacks and comparison as
shown in Table 6. The design alternative 2 further
improved the urban heat mitigation by embracing the
natural airflow in the design. As for the flooding risk
reduction, the enlarged water surface and bioswales
increase the water storage capacity and reduce excess
rainwater runoff on the roads. However, Mark and
João indicated that the stream could

be utilized to drainage the overflows to the lowrisk area by connecting it with the canal. They also
pointed out the flaws and shortcomings of the design
(as they are highlighted in the red boxes), because
it ignores the accessibility of cars in an emergency.
Moreover, both experts noted that the space for encouraging people to have social activities is worth
paying more attention in the next design attempt.

Table 6: The result of evaluation by comparing the second design alternative with first alternative
Note: The assessment form is adapted from a literature about developing the key indicators measures for urban resilience (Gharai, Masnavi, & Hajibandeh, 2018). The adapted form contains 12 evaluation indicators to
quantify four main concerns that relate to urban resilience. The scores rank from -2 to 2, meaning the extent
of resilience from worst condition to optimum condition. The red boxes mean the remaining flaws that need
to be adjusted in next design attempt.
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5.2.4 Final design outcomes

Figure 42: The spatial layout of perm

Figure 41: The spatial layout of water system
These diagrams (Figure 41-43) was made for showing the layouts
of the green, blue, and grey infrastructures in the site design to have
a closer look at the spatial strategies that we defined for the whole
neighborhood. With regard to the blue system (Figure 41), it is integrated into continuous green space as a meandering stream to
slow down /collect the rainwater then use the elevation difference
to drainage the overflows to the canals.
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The green and blue network (Figure
dwellings, by strategically opening
face of the stream pattern and the ca
floodable, thereby providing more s
approach enlarges the permeable sp
storage capacity. Concerning access
layouts for both residents and comm

meable green infrastructure

e 42) is implemented within the
up some blocks. At the interanal, the park and roads are
space for water retention. This
pace and enhances the water
sibility, there are various street
muters.

Figure 43: The spatial layout of the mobility system

As shown in the Figure 43, traffic flows are accommodated in the
remained main road. Another main road is pedestrianized with
sufficient greenery to separate the flow of people from the traffic
flows. The car-free zones connect the convenient public transportation with interior green space to prioritize pedestrians and bicyclists
for safe crossing. The secondary roads have at least 3.5 m wides
connect the main road with the dwellings which is accessible for
cars only in case of emergency.
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5.2.4 Final design outcomes

Figure 44: The final design outcome
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The outcome shows the spatial layout in
detail. It is refined based on the iterative
design process and self-reflection. There
are several adjustments accordingly.
First of all, the open water surface is expanded and link the floodplain with the canal in terms of enhanced water resilience.
Secondly, the pedestrian areas with sufficient tree canopy are connected to the parks
which provide shelters for people escaping
from heat stress. Thirdly, the waterfront is
upgraded as a linear park which promotes
people to meet and engage with each other.
Moreover, the new building clusters on the
bank has several passages which connect
the interior backyard with the high-value
waterfront. Fourthly, the blocks are strategically opened as a corridor to connect
the two existing parks. The urban forests
in those green spaces provide several tree
tunnels to embrace air flows for improving
natural ventilation.
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5.2.4 Final design outcomes

Figure 45: The added value for achieving multiple functions

To figure out to what extent, the final design improves the area, I had a self-reflection on the plan by using the assessm
in Figure 45 shows the added value and multi-functions of the design according to different themes (identified by co
in some of areas, the design interventions integrate various themes with multiple functions. The design principles th
area will be futher explained in the following text.
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ment form. This pinpoints
olors). As you have seen,
hat were applied in those
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5.2.4 Final design outcomes

Figure 46: The design principles divided into themes
The design principles for each theme are visulized
in Figure 46. It breaks down each design principle
into various analytical elements. As you have seen,
for each design principle the related patterns, the relationship between flows and functions are listed.
For instance, the patterns, flows. functions and their
interactions are analyzed to provide ingredients for
synthesizing design principles.

ples from different themes concern the patterns, the
functions, the essential flows, and the relationships
among them. After those design principles for each
theme are further understood, they can be incorporated in a way to optimize the values of the site for
different functions.
In the next research step, those ingredients from different themes are synthesized to fomulate the following design principles (shown in Figure 47-50).

This figure as a “ menu” elaborates the design princi52

Principle 1: Create a car-free zone with greenery and urban furniture
-stormwater is infiltrated below the permeable
surface
- the lighter material is used for paving with high
reflection
-stormwater passes over the saturate pavers towards the planting area
-trees provide shade for people
-implement urban furniture on the pedestrian zone
Figure 47: The synthesized design principles (1) for site design

Principle 2: Make the water visible in people’s daily life and combine it with greenery
-Runoff from storm events falls onto the planting
area and infiltrated through the permeable surface
-green roofs temperately store rainwater
-vegetated path in the garden provide cooling for
people
- the tree tunnel is parallel to the direction of the
prevailing wind in summer

Figure 48: The synthesized design principles (2) for site design
On the basis of the previously defined design principles for the whole neighborhood, at this stage,
new design principles were further refined and synthesized to fit the site design on a 1:1000 scale. Because more details of the site condition and specific
requirements can be found on this scale.

These synthesized principles for site scale are shown
visually in a group of 3D visualisations. These visualisations are axonometric drawings comprising a
set of green/blue infrastructures as a result of the integrated design principles from different themes.
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5.2.4 Final design outcomes
Principle 3: Promote sustainable public transportation and upgrade the waterfront for residents to meet
-make the entrance of existing blocks which connect backyard with frontage
-implement the water bus as a new mode of public
transportation
-stormwater is infiltrated below the permeable
surface
-green roof temperately collect water

Figure 49: The synthesized design principles (3) for site design

Principle 4: Integrate rainwater into landscape and make resident’s feel like they live in a park
-the vegetated stream collects rainwater and conducts the water to canals
- stormwater is infiltrated below the permeable
material
-green roof temperately collect water
-trees along the waterway garden increase greenery
for heat mitigation

Figure 50: The synthesized design principles (4) for site design
Therefore, those principles are formulated based on a more detailed site condition, therefore, comprehensively
concerning about urban heat mitigation, flooding reduction, nature inclusiveness, and social cohesion. Figure
47-50 elaborate how can those design principles inform design and how they can be achieved by manipulating
the spatial patterns and flows on the landscape for a more sustainable and resilient urban environment.
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Figure 51 and Figure 52 elaborate how can those design principles inform design and how they can be achieved
by manipulating the spatial patterns and flows on the landscape for a more sustainable and resilient urban environment.

Figure 51: Apply the synthesized design principles in site design

The interface of the area

The tree tunnel

The green corridor in blocks

The pedestrain area and road

Figure 52: Detail design
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The water body in parks

The entry plaza for commuters

6 Discussion

6.2 Research outcomes

6.1 Research methods

SQ1: There are plenty of researchers discussing
a classical question, that is, whether form follows
function or the other way around? However, Hobbs, a
landscape ecologist, launched criticism at those landscape studies focusing on forms and functions but ignoring the processes (Hobbs, 1997). He reflected on
the “functions of forms” in landscape design, based
on which a conceptual framework was proposed that
demonstrated three inherent characteristics of landscape, including structure, function and change. He
took notice of the impact of flows on the landscape
function and indicated that landscape functions (process) are referred to as the interactions or movements
of animals, plants, wind, water among spatial elements. Based on the “Inherent characteristic of the
landscape theory” and the “pattern recognition theory” proposed by Bell and Forman, this research
gained an in-depth understanding of the landscape
configurations.

This thesis aims to expand the knowledge on a more
resilient urban environment based on an in-depth understanding of the relationships among patterns flows
and functions, to generate design principle to guide
adequate design activities site-specifically. As previously presented, the case study area in The Hague
has been chosen as an empirical work to explores the
combination of flow concept within the green / blue
infrastructures to enhance the resilience of the community.
To fill the overarching knowledge gap of how to
design a resilient neighborhood in urban context,
the related research questions were answered in
the process. The research for design (RFD) method
was employed to address sub question 1. The RFD
method mainly focused on the theory and reference
case study, along with the theory-based site analysis.
In this phase, an extensive literature study has been
performed on current pattern analysis and the factors
that influence urban resilience. The RTD method was
utilized to answer sub question 2 and sub question
3 to operationalize the theory in practice. From the
perspective of design, the research involved a continuous iterative process to produce the ultimate design
outcomes. During the design process, I reflected on
the design principles and collected feedback from experts specializing in different fields related to urban
resilience. The elevation form was applied to rank
the design alternatives by collecting the scores from
experts during the meeting. It ensured the reliability
and transparency of the result. Those iterative feedbacks between design, research and experts’ evaluation in the RTD process were helpful to integrate
different disciplines therefore optimizing urban resilience design.

With regard to pattern recognition, Bell and Forman
attempted to understand the landscape from different angles. Bell defined the landscape as overlapping
layers resulting from geomorphology and topography, including landform pattern, ecological pattern
and cultural pattern. Pattern recognition represents
an integrated approach where landscape is viewed
as a self-organized, dynamic system reliant on conscious human activities and natural processes for
operation. Another researcher, Forman, perceived
the land horizontally from an ecologist’s perspective. A Patch-Corridor-Matrix conceptual model was
proposed to identify and depict patterns on different
scales. The vertical pattern recognition is adopted in
this thesis to identify the landscape layers resulting
from various driving process. The horizontal way
is treated as complement to each layer as well as a
tool in examining the spatial connection on different
scales.

Thereby, self-reflection and the knowledge acquired
by consulting experts could be used to refine the design principles while making them more specific.
The result of the thesis represents a combination of
research and design to launch a relatively optimized
resilient project based on a holistic understating of
pattern, flow, functions.

The flow concept was derived from the landscape
function. The characteristic of flows, such as the
speed, the direction would have a significant impact
on the functions. The general flows or movement in
urban settings include air flow, water flow, material
movements (related to regulation functions), traffic
flows and the flow of people associated with information (recreational) functions.
The “urban resilience” concept has been proposed as
an ultimate design objective that bridges the gap be56

tween theory and practice. The achievement of urban
resilience requires a holistic understating of the landscape and the acquisition of interdisciplinary knowledge. However, the concept remains abstract as
mentioned in policy or strategic goals. Therefore, to
transform this abstract concept into design language,
the theoretical framework of this thesis is adopted to
interpret the driving factors and general design principle in relation to urban resilience.

area. To work out a systematic design that combines
all themes for urban resilience, it is a necessity to
analyze the context from a regional scale down to a
site scale. As discussed in Section 5.1.3, every single
principle corresponded to a specific spatial strategy
on how to organize different flows in the landscape
as a system.
It is worth noting that the design principles are selected depending on the context. Thus, when narrowing
down to the site scale, the general design principles
for the whole neighbourhood is not specific enough.
On the basis of the previous design principles for
1:2000 scale, including “1. Low CO2 emission neighbourhood”; “2. Co-living with water”; “3. Upgraded
social connectivity for different users”; “4. Living
within the park network, in nature”, for the site scale,
some new refinements are proposed according to detail condition.

The reference case study about resilient projects was
conducted to generalize and learn the deign principle extracted from the best cases worldwide. Those
projects reflect a pursuit of harmonious interaction
between ecology, hydrology, and human well-being
are best learning materials providing abundant design ingredients. In order for a more systematic organization of literature review and case study, those
projects with different priorities are categorized by
theme (urban heat mitigation, urban flooding reduction, nature inclusiveness and social cohesion), thus
improving the understanding of the subject.

SQ 3: This process is aimed to operationalize the
design principle with a close examination on the
specific context. The design concept-fluid landscape
echoes the research subject, based on which it is proposed to guide the design that shifts from city scale
to site scale. With regard to the master plan on a city
scale, the fluid concept is practiced to achieve a strategic organization of the essential flows in the land
for creating the spatial structures. Narrowing down
to the site scale, this core/representative area, named
Stationsbuurt, is a historical area located in the city
gate of The Hague, showing all the typical typologies
of the neighborhood as defined in the process of landscape analysis. For site design, the refined principles
and design concept achieve the comprehensive urban
resilience by arranging the design elements for various typologies in the area.

SQ 2: In literature, urban resilience refers to a system
capable to recover from disasters and to accommodate changes. In order to make this abstract concept
more concrete, an extensive literature review and the
study of reference cases were conducted (shown in
Table 1). The best cases led to a successful conclusion for practice, involving four major themes: urban
heat mitigation, urban flooding reduction, nature inclusiveness and social cohesion. This thesis focuses
on the integration of these themes based on the understating of case study area and the aforementioned
analytical factors.
In this process, the theoretical framework is adopted
to analyze those projects. Based on these exemplary
cases, the general design principles applied to each
theme are compelled. To apply these collected principles in a site-specific way, a case study area is selected as the test bed.

6.3 Reflection on the case study

The site analysis is conducted by referencing the result obtained from the sub-question 1. The history is
analyzed to gain insight into the future development
of the area. Then, the collected information is refined
in the SWOT analysis for the four themes, respectively. According to the site analysis, research subject and field study, the collected design principles
from different themes were synthesized for the whole
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The case study area is chosen as the testbed for design intervention. The Stationsbuurt and Schilderswijk neighborhood are then identified as the worst-case
scenario, which is because if the urban resilient design can make some improvements to the most problematic area, then they can be applied to everywhere.
The Stationsbuurt is an essential city gate and a historical area as we introduced in the preceding chapters. However, it is a flood-prone area, meanwhile,
is vulnerable to urban heat. The proposed design
seeks the opportunities of the area and interconnect
the existing parks as a green-blue system for people.

The enlarged green space, recreational areas and enhanced capacity of water storage could on the one
hand protect the area in facing the extreme weather
caused by climate change. On the other hand, it improves the wellbeing for residents. The theory-based
analysis, design process and the generalized design
principles worth learning for practicing an integrated
project elsewhere.

the landscape but also multidisciplinary knowledge,
this research could play a significant part in transforming the abstract concept into a sort of design language for finding the targeted solution to flooding,
climate change, public space, land-use, and resilient
infrastructures.
There has been a heated debate about whether forms
follow functions or functions follow the form. However, neither of them could contribute to a comprehensive resilient design purposed to perform multiple functions. According to the theory proposed by
Hobbs, the flow concept is extracted in this research
as an intermedia between the forms and functions
for bringing the attention of urban designers to not
only the design of the tangible factors in the landscape, but also the intangible side of it. In doing so,
the landscape could be better understood for the subsequent integration design. While bearing in mind
the flow concept and the notion of the interrelationships among different patterns, flows and function,
we could explore the opportunities to make multiple
functions sustainable through a strategic arrangement
of places and the spaces of flows.

6.4 Limitations

Firstly, this research focuses attention on the four major concerns over urban resilience: urban heat mitigation, urban flooding reduction, nature inclusiveness
and social cohesion. However, the urban resilience
encompasses more themes worthy of further exploration.
Secondly, some of the existing buildings with a high
risk of damage caused by urban flooding were demolished, while some of the blocks were logically open
to green space. These measures might be unrealistic
or excessively costly to be made operational for now.
However, if we understand the risk of the area being flooded, and simulate the flooding that causes a
60cm water rise without human intervention, it can
be found out that half of the area will be flooded. The
design is a continuous process to cope with the future uncertainties, for which this thesis makes a first
attempt for the area to build up an ideal scenario for
the future. It is argued that the case area can be taken
as a pilot area for adapting to the extreme weather
conditions caused by climate change.

To bridge the gap between theory and practice, attempt was made in the thesis to work out a theory-based design by going through the integrative
process, during which the design was adapted to
the feedback from the experts in different fields. It
is worth noting that the urban resilience design is a
continuous process adapted to the uncertainties that
lie ahead, despite not in the ultimate ideal state. In
my view, design tackle not only fundamental issues
of project but also future challenges, there remains
a massive potential for further research to practice
urban resilience projects that could address various
tough challenges.

Thirdly, in the research through design process, I consulted internal experts (my thesis supervisors) who
respectively specialize in in the field of water and relationship between space use and the climate-responsive design. Besides, I also consulted an expert from
The Hague municipality. I realized that the external
expert will consider the practical factors and the constraints imposed by the rules. She asked me about the
feasibility of the plan. Thus, in a follow-up research,
it would be better to include the extent of “feasibility
“in the assessment form.

To bridge the gap between theory and practice, attempt was made in the thesis to work out a theory-based design by going through the integrative
process, during which the design was adapted to
the feedback from the experts in different fields. It
is worth noting that the urban resilience design is a
continuous process adapted to the uncertainties that
lie ahead, despite not in the ultimate ideal state. In
my view, design tackle not only fundamental issues
of project but also future challenges, there remains
a massive potential for further research to practice
urban resilience projects that could address various
tough challenges.

6.5 Significance of Research

At present, there is an increasing number of cities
paying attention to mitigating the environmental
hazards by practicing various design interventions
for the purpose of forging urban resilience. Since this
topic requires not only an in-depth understating of
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7 Conclusion

sign principles were further refined and synthesized
to fit the site design that requires more detailed functions. The adapted principles for the site-design scale
are:

The answer to the main research question: Which
design principles optimize and enhance functional
linkages between urban spatial patterns for urban resilience? is informed by the result of the following
three sub-research questions during the research and
design process.

Principle 1: Create a car-free zone with greenery and
urban furniture
Principle 2: Make the water visible in people’s daily
life and combine it with greenery
Principle 3: Promote sustainable public transportation and upgrade the waterfront for residents to meet
each other
Principle 4: Integrate rain water into landscape and
make resident’s feel like live in a park

SQ 1: What are urban spatial patterns?
To get this sub question answered, literature review
has been conducted to gain the knowledge in relation
to pattern (structure) recognition, flow, landscape
functions, and their interrelationships, respectively.
The pattern analysis conducted in this thesis plays an
important role in closing the significant knowledge
gap in how to holistically understand the landscape
and how to approach the design of a project with optimum resilience in an urban setting.

SQ 3: Which patterns can be implemented into
the design with multiple functions for resilience?
The answer provided to sub design question 3 follows the answer to sub-research question 2. The result is presented as part of the final design outcomes.
There are a number of different patterns integrated
into the design based on the characteristics of those
typologies. For example, water flow was integrated
into the park as a meander stream and several decentralized rainwater gardens, so as to mitigate the risk
of flooding in the area and allow residents to make
close contact with nature. Another example is the pedestrian area which is complete with previous pavement and rows of trees proving people with shade
for heat mitigation. Such examples can be found in
Figure 47-52 in Section 5.2.4.

As mentioned previously, the correlations among
the physical structures, flows and functions were
analyzed to identify the spatial patterns in the urban
setting. In summary, the physical pattern sustains
certain functions that would impact on the flows. In
return, the flows determine the pattern, and affect the
function. Therefore, the in-depth identification of
pattern is supposed to consider the flow concept and
the relationship of the three factors for a more comprehensive design.
SQ 2: Which principles guide functional-specific
spatial patterns for resilient?

MQ: Which design principles optimize and enhance functional linkages between urban spatial
patterns for urban resilience?

To solve this question, the knowledge in relation to
the general concept of urban resilience and relevant
design principles were acquired from literature review and site analysis. Based on the in-depth understating with the assistance of the knowledge acquired
from sub-question 1, the collected and synthesized
design principles were applied to the case study area
on a city scale. They were generalized as follow:
1.
2.
3.
4.

The answer to the main research question is inspired
by previous research and design process. It is worth
noting that it is unlikely to work out an optimal design on one-pass. Therefore, the constant feedback
between the iterative design process and the expert
evaluation process plays an essential role in working
out the optimized resilient design that covers all the
themes.

Low CO2 emission neighborhood
Co-living with water
Upgraded social connectivity people
Living within the park network, in nature

During this iterative process, the design starts with
the aim to maximize the value of four themes. For
example, in the first design alternative, a dense forest was constructed in the park to maximize the ecological value, while during the meeting, experts have
indicated that the dense forest might restrict the flow
of natural air, thus worsening the urban heat effect.

Involving the core of the subject, these design principles reflect a comprehensive combination of the
four major concerns over urban resilience. Besides,
the relevant measures are taken to shape those flows,
thus making certain functions sustainable. These de59

Instead, a forest with wind tunnels parallel to the
direction of prevailing wind would be taken as an
alternative to ensuring sufficient ventilation for the
neighborhood. Such feedback and the scores on the
elevation form are retrieved from two experts using
their expertise (shown in Appendix C). The feedback
keeps reminding me of the integration of the research
subject and design. Besides, the feedback was adopted to refine the principles for optimum urban resilient
design. The ultimate design shown in Figure 44 aims
to integrate the relatively optimum arrangements for
the enhanced resilience in various sectors, rather than
maximizing the particular functions in one domain.
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8 Appendix A-Assessment forms by author
The assessment form is adapted from a literature about developing the key indicators measures for
urban resilience (Gharai, Masnavi, & Hajibandeh, 2018). The adapted form contains 12 evaluation
indicators to quantify four main concerns that relate to urban resilience. The scores rank from -2
to 2, meaning the extent of resilience from worst condition to optimum condition.

Evaluation factors
A. The ability of heat mitigation in terms of amount permeable surface
B. The ability of heat mitigation in terms of amount canopy
C. The ability of reduce carbon emission (e.g. creating car-free zones)
D. Permeability of urban area
E. The capacity of water storage in facing extreme weather
F. The ability of conducting water to low risk areas (e.g. canals, rain water gardens)
G. The sustainable of roads and buildings
H. easy access for pedestrians to green space.
I. Multiplicity of green spots and public space
J. Promoting Slow lifestyle, walking and cycling as the preferred modes
K. Diversify street layouts which facilitate people to have outdoor activities
L. Encourage people to meet and engage with others
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8 Appendix B -Assessment forms by experts
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8 Appendix C -Summarized feedback

The result of evaluation indicated that the design alternatives gradually improved towards a optimum
outcome.
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