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Abstract

The urban heat island effect
refers to increased temperatures
in highly developed urban

areas and has negative impact
for human activities and the
social environment. This project
aims to address this effect by
integrating urban forests into the
cityscape, while enhancing the
living experience of residents.

The project focuses on analyzing
cool vegetation characteristics in
existing areas and incorporating
them into subsequent designs to
utilize trees’ cooling capabilities,
in order to combating the urban

heat island effect and promoting
city climate mitigation ability.

Through analyzing the urban
ground surface temperature
and its relationship with trees,
a positive correlation existes.
The further design strategy
considers tree types, leaf
cooling rates, appropriate tree
arrangements, and species
selection, while addressing
factors like shade coverage
and adaptability to the urban
environment.

Except involves improving
existing climate weak areas,

this project also formulating

a climate mitigation urban
development strategy around the
urban forest for the city future
development.

It's important to note that the
temperature discussed in this
project refers specifically to
urban surface temperature.
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Chapter 1. Introduction

1.1 Problem Statement

Facing the global warming,
cities, including the Zwolle
region, are anticipated to
experience rising temperatures
in the coming years. Climate
change has posed significant
challenges to the Zwolle region
in the recent year, it is necessary
to design a new strategy to
mitigate climate stress.

According to the Netherlands
Meteorological Service, the
surface temperature in the
Zwolle region has shown a
consistent increase since 1960.

This concerning trend can

be attributed to the increase

of hard surfaces during

the city’s development and
construction, with buildings
and other structures absorbing
and keeping heat, resulting in
increased temperatures.

In addition, it is important to
recognize that the large majority
of development surrounding

the Zwolle area consists of
high-density residential areas,
which often lack open areas with
abundant vegetation and public
green spaces.

Therefore, to keep the quality

of life for residents in these
neighborhoods, it is crucial to
create a climate mitigating and
life attractive environment in the
Zwolle region. These measures
facilitate climate mitigation
ability while also enhancing the
overall life experience.

Fortunately, the Zwolle region
can use large areas of vegetation
and public open spaces to
mitigate the effects of heat
stress within the city.

The main issues to be attended
to are the need to enhance the
vegetation in the Zwolle area

by creating new green spaces
and expanding existing ones, as
well as ensuring the availability
of open public areas. By doing
so, the region can effectively
address the challenge of high
temperatures induced by heat
stress.

Chapter 1. Introduction
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1.2 Research Question & Project Goal

Research Question

How to transform cities
from utilizing cool forest
features to become
cities within cool forests
while also improving
the urban forest system
to mitigate the urban
heat island effect and
enhance the living
experience of the
neighborhood?

Sub-question

Sub-question 1:

How to create a climate
mitigation city through forest
urbanism solution?

Sub-question 2:

What kind of urban forest
morphology is effective
in reducing urban surface
temperature?

Sub-question 3:

How can we strengthen the
connection between the
city and the surrounding
communities through forest
urbanism?

Sub-question 4:

How to improve the urban
forest to benefit people’s
living experience?

Project goal

The project focuses on
establishing a robust and varied
forest in Zwolle that promotes
urban well-being and effectively
responds to challenges posed
by the urban heat island effect
and climate change. By honoring
established urban forest
planting methods, analyzing
and shaping the growth and
trajectory of the forthcoming
urban forest. The project goal

is to forge a mitigating, and
diverse landscape that caters to
the needs of society. In the end,
the project aims to cultivate a
sustainable and inhabitable city
through the development of an
adaptable landscape. Basically,
the final vision is to transform
Zwolle into a greener city, where
the urban environment goes
harmoniously with the forest,
rather than incorporating
fragments of greenery.

1.3 Methodology

The research direction of this
project encompasses two
primary aspects. Firstly, it seeks
to address the impact of climate
change on cities through the

implementation of urban forests.

Secondly, it aims to enhance the
quality of life for citizens while
mitigating urban climate issues.

To begin with, the project will
analyze how the existing urban
forest in Zwolle affects the
urban surface temperature. This
analysis will involve visualizing
different types of sites and
comparing the arrangement and
combination of trees in each site
to assess the shading effects
produced. The objective is to
determine the most effective
urban forest layout and tree
selection that can significantly
reduce urban surface
temperatures. This analysis will
address sub-questions 1 and 2.

The second aspect focuses

on how the urban forest can
enhance the living experience of
residents and foster stronger

community connections. The
design phase plays a crucial role
in achieving these goals. The
proposed design scheme
considers the upgrading of sites
across three scales: small,
medium, and large. Small-scale
designs aim to improve the
green spaces within specific
areas. Medium-scale designs
explore how urban forests can
enhance connectivity between
communities. Large-scale
designs investigate the potential
of urban forests to guide future
urban development. These
design considerations will also
address sub-questions 3 and 4.

Research Question

How to transform cities from utilizing cool forest features to

becoming cities within cool forests while also improving the

urban forest system to mitigate the urban heat island effect
and enhance the living experience of the neighborhood?

Sub-question
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2.1 Project Background
Climate Issue and Urban Development

Since the early 20th century,
Dutch cities have experienced
rapid development, with both
major metropolitan areas

and smaller towns in the
surrounding regions undergoing
substantial urbanization. This
growth has resulted in diverse
and multi-level urban functions.

Correspondingly, KNMI data
reveals a consistent increase
in the average temperature

of the entire Netherlands
since the early 1900s. Notably,
there have been 28 heatwaves
in the country from 1900

to 2020 (Rgd et al., 2021),
with only 7 occurring before
1970 and the remaining

21 happening thereafter.

In 2019, the Netherlands
recorded its first instance of

a temperature exceeding 40
degrees Celsius. These statistics
clearly demonstrate a strong
correlation between urban
expansion and the urban heat
island effect.

1971 to 1991
Initial development of the
city begins

Urbanization Development
The city is growing rapidly and the
average temperature is getting warmer

Temperature

1971 1981

1991

1991 to 2001
Rapid development of
major cities

2001

2001 to 2021

Many areas around major
cities are also becoming
urbanized

2011 2021

How to Reduce UHI?

While the Netherlands may not
have megacities, the prevalence
of heat islands is widespread
across almost every city in

the country, as revealed by
satellite images capturing heat
wave patterns since 2006. The
urban heat island effect poses
a significant challenge, leading
to sweltering temperatures
and posing health risks. The
difficulty in dissipating heat
due to blood vessel dilation
and reduced perspiration at
extremely high temperatures
puts vulnerable populations,
such as older adults, pregnant
women, young children, and
individuals with pre-existing
health conditions, at greater risk
of adverse health effects.

Recognizing the urgency about
climate change, the Dutch
government has implemented
appropriate measures.
Increasing the presence of
greenery within urban areas
stands as a primary strategy.
This includes extensive

tree planting initiatives, the
development of additional

development of additional
urban green spaces, and the
expansion of green roofs and
walls. By augmenting the ratio
of green spaces, these efforts
contribute to lowering urban
temperatures on a city-wide
scale. The RIVM’s data on the
cooling effect of green and
blue spaces demonstrates the
substantial positive impact of
urban vegetation in reducing
regional climate temperatures.

These measures highlight

the commitment of the Dutch
government to adapt to

climate change and mitigate

the urban heat island effect.

By prioritizing the integration

of green infrastructure, the
Netherlands strives to create

a more sustainable and

resilient urban environment,
safeguarding the well-being of
its residents and mitigating the
adverse consequences of rising
temperatures. At the same time,
it also shows that increasing the
proportion of green in the city
does help to improve the urban
heat island effect.

Urban heat island effect

Cooling effect of green planting core
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What is Urban Heat Island?

In recent years, the impact of
urban heat waves has become
increasingly apparent worldwide,
exacerbated by the rising global
climate and rapid urbanization.
Cities around the world are
experiencing intensified urban
heat island effects, leading to a
steady decline in the quality of
the urban thermal environment.
Consequently, addressing the
urgent problem of mitigating the
urban heat island effect caused
by high temperatures has
become imperative.

The concept of the “heat island
effect” was first introduced by
British climatologist Luke How-
ard in the early 19th century. In
his book “The Climate of Lon-
don”, he meticulously measured
and documented temperature
variations across different areas
of the city over a span of forty
years, ultimately formulating the
concept of the heat island effect.
(Howard, 1818])

In modern society, the rapid
advancement of urban
construction has significantly
amplified the urban heat island
effect. Factors contributing to
this phenomenon include the
concentration of population in
cities, industrial development,
and the prevalence of stone and
concrete structures. The dark
surfaces of these buildings
absorb a substantial amount

of solar radiation, resulting in
higher daytime temperatures
within urban areas compared
to suburban and rural

regions. (Solecki et al., 2005)
Furthermore, the low heat
capacity and high heat transfer
rate of these materials, coupled
with the blocking and wind-
dampening effects of buildings,
disrupt the energy balance

in urban areas, often causing
higher temperatures than in the
surrounding rural areas. (Oke,
1982) Consequently, the spatial
distribution of temperature
resembles that of a warm island,
giving rise to the urban heat
island effect.

Another significant contributor
to the urban heat island effect
is lack of transpiration in
urban areas. Green spaces
play a crucial role in cities

by absorbing solar radiation,
with a large portion of the
absorbed energy utilized by
plants through transpiration
and photosynthesis, thereby
reducing the ambient
temperature.

However, due to the reduction of
green areas, forests, and water
bodies in urban environments,
the city lacks the natural
elements capable of releasing
heat. As a result, the capacity

to alleviate heat stress is
significantly diminished.

Late afternoon temperature °C

Rural Suburban Commercial City Urban Park Suburban Rural
Residential Residential Residential Farmland

Figure is a courtesy from Kamyar Fuladlu

What is Urban Forest?

Urban forest as one that is
located within or near an

urban area, where the main
function of the forest is to
facilitate recreational activities.
(Grebner et al., 2022) These
forests are established through
human efforts, whether through
spontaneous or planned
greening activities.

Urban forests are typically
located on paved surfaces,
adjacent to buildings, or within
designed parks. They serve as
a prominent and tangible form
of green infrastructure in urban
areas, often being the most
prevalent. While trees form the
backbone of urban forest,

they are accompanied by a
diverse range of vegetation,
including shrubs, grass lawns,
and gardens. These green
features contribute to the overall
composition and functionality of
urban forests, adding layers of
biodiversity, visual interest, and
ecological benefits.

Chapter 2. Theory Findigns

In summary, urban forests

are intentional and dynamic
green spaces that bring the
benefits of nature into the
heart of urban areas. Their
strategic placement, diverse
plantings, and multitude of
ecosystem services make them
an indispensable component of
sustainable urban planning.
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2.2 Theoretical Framework

The Role of Urban Forest in Reduce UHI

There is a clear relationship
between urban green coverage
and the intensity of the heat
island effect. Researchers have
shown that if a green area with
a scale greater than 3 hectares
and a greening coverage of over
60%, it can yield temperature
levels comparable to those
found in natural suburban areas.
(Li et al., 2004)

It means the green coverage
increases, the effect of the heat
island decreases. Li's research
also said when the green
coverage exceeds 30%, there is a
significant weakening of the heat
island effect. Furthermore, when
the coverage is over 50%, the
reduction in heat island intensity
becomes pronounced. There are
more detailed data derived from
Kong's experiments said that a
10% increase in forest cover

can result in a decrease in the
Earth’s surface temperature of
approximately 0.83C.(Kong et al.,
2014)

How Tree Works in Reduce the Urban Surface Temperature

Trees play an important role

in mitigating the urban heat
island effect by two mean ways:
transpiration and shading.
Shading and radiation filtration
by trees reduce the surface
temperature.(Brown et al., 1995

J

Additionally, the trees acts

as a shield, it blocks a part of
solar radiation and reducing
the amount of heat absorbed
by the shaded areas. This
shading effect helps minimize
the intensity of daytime heat
and further contributes to
temperature reduction in urban
spaces.(Lindberg et al., 2011)

By lowering surrounding
temperatures, trees significantly
enhance the comfort and
livability of urban environments,
providing cooler opportunity
under the high temperature.
Another research shows the
presence of trees in a given
area can lead to a significant
reduction in daytime air
temperature, with differences
of up to 5 °C lower compared to
reference stations.(Semenzato,
2023)

Except their cooling properties,
trees serve as natural air
purifiers, playing a vital role in
improving air quality. They act
as filters, absorbing pollutants
such as nitrogen dioxide, ozone,
and particulate matter from the
air.(Anderson et al., 2020) In
addition, as trees absorb carbon
dioxide during photosynthesis,
they help mitigate the effects of
greenhouse gases, contributing
to climate change mitigation
efforts.

Chapter 2. Theory Findigns
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Urban Forest Design Framework Future Urban Forest Development Design Framework
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There is a relationship between
design, weather, and the senses,
with the built environment

Phenomena such as light, temperature,

Frederick Law Olmsted said
the creation of a composition
in which all parts were

Taking inspiration from one of
Olmsted’s famous designs, the
Emerald Necklace, incorporating

interacting with atmospheric Sensory Experience | humidity, wind and sound can affect :::7”\: subordinated to a single, nature into the city can enhance NS

conditions to shape our human perception and create unique . coherent effect.(Dean et al., urban cohesion. By using urban

perception and experience of atmospheres Lo 1886) This concept highlights forests as a guiding principle, O !

space.(Benedito et al., 2021) L the significance of green and we can also think about the \\ ——

Therefore, design plays an Use materials, spatial configurations, Lo natural spaces in enhancing future development of the city. P b\\

important role in enhancing Design and and environmental systems to create ‘: the urban environment and Therefore, when designing the / AZanN Vi i

and shaping people’s sensory Atmosphere specific atmospheric effects and €0 improving the public living project and giving the future

Within-sgrroun.ding environment. enhance user experience T 1 : experience. It is not only about urban expansion V_iSiO”- itis Seperate urban area Connecting by urban forest
While it is confirmed that urban | o connecting people to the necessary to consider not only

forests can mitigate urban o ) ) 1 Lo natural environment but also the urban green within specific

ground surface temperatures Weather as Hiilize dynamic and.changing weather | about establishing a stronger communities or areas but also

and reduce the urban heat Design Inspiration properties to create engaging and T l connection between humans and to plan the future development

island effect, future urban forest Atmosphere responsive environments | : nature within the city. needs of the entire city. Connect to nature forest
design should not only think & | | or gther city
about the physicgl COOl.ing' It Design Strategies for.mitigating e.Xtreme : i Connect to nature forest

should also consider different Urban Microclimates | ‘Weather conditions, reducing the heat Y or other city s apen
forest arrangements and island effect and enhancing natural Lo brest area
plant selections that provide ventilation in urban environments B w .

a different nature atmosphere ! ! . e

for people. Therefore, future : : b

designs should also think about Environmental How built environment respond to Co

human senses. Creating urban Adaptability changlng weather conditions and adapt «------- |

forests that not only cool but to users’ needs | ‘

also give the senses, making a 1 Tree Line

profound connection between How atmosphere evokes emotions, | b restre

human and nature. Perception and influences behavior, and shapes overall J

Atmosphere

human experience and well-being
within a space

COMMON 1o FRANKLIN PARK

Tree Line Connect to nature forest

or other city

Future urban forest development strategy

21



22

Chapter

3 SITE FUNDAMENTAL RESEARCH
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3.1 Project Background

Zwolle Geographical Conditions

The project is situated in Zwolle,
a city located in the |Jsseldelta
region of the Netherlands.
Zwolle is an integral part of the
Dutch city network and faces
diverse challenges in terms

of urbanization, climate, and
economy. One pressing issue

is the severe urban heat island
effect experienced in Zwolle,
which necessitates urgent
solutions.

Fortunately, Zwolle possesses
abundant natural potential

that can be leveraged to create
forest cities in the future and
mitigate the urban heat island
effect. The surrounding areas
of Zwolle boast valuable natural
resources, including the Natura
2000 area and the Netherlands
Nature Network. In considering
the future of Zwolle’s urban
forest, an intriguing possibility
arises: the integration of the
urban forest with the existing
natural areas. This concept
holds the potential to establish
a more comprehensive and
interconnected forest system for
the city.

Natural Protect
from government

Avoid Development &
Preserved land

Nature Measurement &

Urban Legend

Nature Network Natherlands

[ NoK Limited Area
B NoK Management Site

I Protected Areas - Provinces

3.2 The Policy

Zwolle

Climate Adaptation in Zwolle Region 2019-2020
21 Inspiring building blocks for a climate adaptive Delta of the Future

‘wwewregiozwolle.info/imaat

The demand for landscape in
urban climate development at
the present stage:

Regarding the climate issue,
the government has introduced
various strategies to address
the challenges. Firstly, they
aim to engage residents in
creating small-scale micro-
climate environments akin

to community gardens. This
approach empowers individuals
to contribute to climate
mitigation efforts. Secondly,
the government intends to
enhance existing urban blocks
by incorporating more green
paving on streets, as well as
implementing green roofs and
facades. These measures not
only improve the aesthetic

appeal but also contribute to
climate resilience. Additionally,
the government is actively
envisioning and planning for
future climate communities,
incorporating green elements
into their design. However,
there remains a need for
comprehensive guidelines to
address climate issues in the
existing older urban areas.

Warme Harten
in een
Klimaatadaptieve Delta

Verstedelijkingsstrategie Regio Zwolle

Future Urban Climate
Development Requirements for
Landscape:

Simultaneously, the Zwolle
government has embarked

on the formulation of distinct
urbanization strategies to
establish long-term adaptive
cities. By 2040, the government
aims to construct a minimum

of 50,000 homes across the
Zwolle region while generating
20,000 jobs. (Regio Zwolle, 2022)
The focus is on creating livable
and comfortable environments
capable of withstanding the
challenges posed by climate
change, including extreme
humidity, dryness, and heat. The
recently adopted urbanization
strategy, known as “Warme

Chapter 3. Site Fundamental Research

Harten in een Klimaatadaotieve
Delta”, provides crucial guidance
for this endeavor. The strategy
emphasizes that areas of high
natural or landscape value
should be safeguarded from

the impacts of urbanization,
infrastructure development,

and large-scale economic
expansion. The government’s
vision encompasses climate-
proofing the entire city, ensuring
its resilience to future climate
conditions.
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3.3 Regional Analysis
The UHI in Zwolle

Average Temperature in the Zwolle

® Measured

— Trend

Trend Range

[ ' I ! I ! |
1900 1920 1940 1960

In recent years, the Netherlands
has witnessed a significant
increase in temperatures,

and the Zwolle region is no
exception to this trend. Year
after year, temperatures in
Zwolle have shown a consistent
upward trajectory. By examining
historical climate data, it
becomes evident that this
pattern of temperature rise is
likely to persist in the coming
decade to three decades.
Through the utilization of urban
heat maps, it becomes apparent
that the closer one gets to the
city center, the more pronounced

I ! |
2000 2020

the climate pressures become.
This phenomenon can be
attributed to the scarcity of
vegetation and green open
spaces, which presents unique
challenges for mitigating the
temperature rise in the old town
of Zwolle.

The absence of adequate
vegetation and green spaces
amplifies the urban heat island
effect in the old city. The urban
heat island effect arises when
urban areas, characterized by
concrete, asphalt, and limited
greenery, absorb and retain
more heat, leading to higher
temperatures compared to the
surrounding rural areas. In the
case of the old town of Zwolle,

How Warm Feel in Zwolle?

¥
{

de

Low Temperature

the lack of sufficient vegetation
exacerbates the situation,
making it more challenging

to alleviate the temperature
rise. This phenomenon poses

a significant challenge to the
future well-being of the old town
area.

High Temperature

Feeling

“  Feeling

Zwolle City Expansion History

Zwolle’s development history
highlights key transformations
over time. Prior to 1900, the
city’s growth was concentrated
within the central fortress area,
resulting in an ultra-high-
density urban environment that
offered limited space for urban
greenery. By 1950, the city began
to expand, but the new areas
also suffered from high density
and lacked a proper integration
of green spaces. Consequently,
these developments in both
periods faced significant climate
challenges.

However, a notable shift
occurred after 1990 when city
planning endeavors commenced
to harmonize urban and

natural elements. Subsequent
developments focused on
reducing residential density and
increasing the distance between
communities. This approach
has had a positive impact by
alleviating some of the climate
pressures faced by the city.

Chapter 3. Site Fundamental Research
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Zwolle Landscape Potential

Tree Cover Loss in Netherlands

0

‘01 ‘02 ‘03 ‘04 05 06 07 08 09

12 13 14 15 16 17 18 19 20 21

From 2001 to 2021, Netherlands lost 29.1kha of tree cover,
equivalent to a 4.9% decrease in tree cover since 2000.

A data by global forest watch
said that from 2001 to 2021,
Netherlands lost 29.1kha of

tree cover, equivalent to a 4.9%
decrease in tree cover since
2000. The disappearance of
trees in Netherlands is primarily
attributed to the rapid pace

of urbanization. As the city
expands, more land is allocated
for infrastructural development,
leading to the removal of trees
and green spaces. Consequently,
it becomes imperative for future
urban development in Zwolle to
address this issue by not only
preserving the existing natural

state but also actively
incorporating more trees into
the cityscape. This endeavor
aims to forge a harmonious
union between the urban
environment and nature.

There is a great deal of natural
potential around Zwolle, which
is largely surrounded by natural
forest systems on all sides.
These areas are protected by
the government and no further
urbanization is allowed. Several
regions within Zwolle fall within
these protected areas, further
enhancing their significance.

This natural context presents
a favorable foundation for the
future development of urban
forests in Zwolle, potentially
bringing additional greenery
from the surrounding areas to
the city. By combining the urban
forest with the surrounding
natural areas, Zwolle can
enhance the ecological value
and resilience of its green
spaces.

This integration would not only
expand the overall forested
area but also foster a seamless
transition between urban and
natural environments, and also
can transform the city into a
greener, more resilient, and

Current Landscape Potential

N N
b

@® Treedistribution Natura 2000

Il Protected site B Natural protected area

ecologically vibrant place to live.
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Zwolle Urban Forest Development History

Prior to 1900, the city of

Zwolle exhibited minimal

forest development within its
boundaries. Instead, trees were
selectively planted in locations
situated away from the city center
and alongside roadways. This
approach aimed to utilize the
presence of forests as a means to
guide people towards the central
areas of the city. By 1950, as the
city underwent systematic and
extensive expansion, a growing
understanding and appreciation
of the urban forest system
emerged. This led to the inclusion
of tree planting within the scope
of urban planning. Consequently,
as the city developed, the tree
count within Zwolle witnessed

a progressive annual increase.
Interestingly, a notable shift
occurred after 2006, wherein
trees not only continued to be
integrated into the expanding
urban forest but were also
reintroduced to the city center.
This transformation reflects a
heightened awareness of the
neglected natural development,
which was overshadowed by

an excessive focus on urban
expansion in the earlier years.

The Urban Tree Planting Map

The year of planting <«—>» Urban Forest Expansion Trends

1367-1900 1901-1951 1901-1991 1992-2005 Protected-sites Natura 2000

*
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4.1 Analysis Introduction

Typology Site Selection

Within the urban development
area of Zwolle, variations in
surface temperature can be
attributed to urbanization

and the distribution of urban
vegetation. To investigate this
further, a study was conducted,
selecting nine diverse locations
throughout the city. These
sites encompassed a range

of typologies, each exhibiting
distinct characteristics.

Analyzing surface temperatures,
the selected sites were
categorized into three groups:
high surface temperature,
medium surface temperature,
and low surface temperature.
This classification provided

a basis for assessing the
relationship between vegetation
arrangement, urbanization
patterns, and surface
temperatures. By visually
examining the plant distribution
and urban development layout in
each site, valuable insights were
obtained to inform future urban
forest construction strategies.

= X

High surface groud temperature

»
>

Low surface groud temperature

Typology Analysis Introduction

A city’s composition is

primarily a blend of urban

and natural elements. The
urban environment caters

to our fundamental needs,
providing spaces for daily living
and activities, while nature
offers diverse sensations and
experiences. Analyzing the
interplay between these two
components within a city is
crucial, particularly for a project
aimed at integrating them to
create a climate-mitigate urban
forest.

The study identified planting
methods and plant types that
could prove beneficial in the
establishment of urban forests.
These findings emerged from

a comprehensive analysis of
the selected sites, considering
their unique characteristics
and environmental conditions.
By understanding the
correlations between
vegetation, urbanization,

and surface temperatures,
recommendations were derived
to guide future efforts in urban
forest development.

NEIGHBORS

he surface temperature

>

Chapter 4. Analysis

33



Chapter 4. Analysis

34

4.2 Typology Analysis
Typology 1
Site properties
Single e o o
Surface ground texture
Softground @® @ @

Tree coverage

Low 0O O O
Urban density

Low e o o
Surface ground temperature

Low e o o

The site is situated at the
origin of Zwolle, which started
to take shape in the 14th
century and has since evolved
into its present-day form.

The downtown area is now
recognized as a protected
cityscape due to its numerous
historic buildings. The primary
characteristic of this area is

a cohesive block of buildings
that are interconnected yet
independent, featuring diverse
architectural structures and

® O Multiple

® @ Hardground

O O High
® @ High
® O High

irregular distribution. Private
and public spaces often merge
together, and the public areas
are designed with distinctive
paving materials. And being a
historic district with its diversity
of historic buildings, special
buildings and public spaces
makes the city center a special
place to live.

But early on, nature was not
included in the development
policy of this area, so few trees
existed.

Chapter 4. Analysis

10m

Acer Platanus Juglans Tilia
campestre robur acerifolia regia vulgaris

Typical tree selection & shadow analysis
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Typology 2

Site properties
Single ® O & O O |Muliple
Surface ground texture

Softground ® @ @ @ @ Hardground
Tree coverage

Low o O O O O Hi g h Liquidambar Malus Prunus
styraciflua tschonoskii “pandora”

Urban density Typical tree selection & shadow analysis

Low ® ®© ® O O High
Surface ground temperature

Low ® O & ® O High d A

Exisiting section

This area experienced gradual streets are narrow, and a
development over time, distinct separation exists
following an ancient path of between private and public
land reclamation. As a result spaces. P
of this historical progression, *
nearly every block within this Moreover, the boundaries of ) »
area boasts historical walls. this area are in close proximity =y - - pace-ship_ between __
Subsequent architectural to major transportation N
advancements have followed networks, including railways and s
the contours of these walls, expressways. This proximity to e b Mired-use
resulting in a compact and urban infrastructure has had a v
densely built structure. significant impact on the process ig::a“ml A —
Consequently, the plots of land of urbanization within the area. @ ﬁ

are clearly demarcated, the @ @m
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Typology 3

Site properties

Single ® O O

Surface ground texture

Softground @® @ @

Tree coverage
Low ® O

Urban density

Low e o o

Surface ground temperature

Low e o o

The area under consideration
is one of the business areas

in Zwolle. The growth in size
and freight capacity of major
corporations has been a driving
force behind the establishment
and expansion of these
expansive industrial parks. The
park’s location in close proximity
to railway and road networks

is essential, as it heavily relies
on efficient transportation
connections for its operations.
The spatial organization of the

O O Multiple

® © Hardground

O O High
O O High
® © High

area is predominantly influenced
by the arrangement of public
areas and the integration of
green spaces. Consequently,
the industrial park’s periphery
aligns with the surrounding
countryside, resulting in a
distinctive transition from

the urban to rural landscape.
However, due to the emphasis
on open spaces and functional
requirements, the presence of
medium and large-sized trees
within the park is relatively
limited.

“l Industrial
N/ Arca

Fraxinus ang Fraxinus exc
“Raywood” “Westhofs Gloris”
Typical tree selection & shadow analysis

Urban & Nature

Exisiting section
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Typology 4

Site properties

Single ® o O

Surface ground texture

Softground @® @ @

Tree coverage
Low e O
Urban density

Low e o o

Surface ground temperature

Low e o o

Since the 1980s, this area

has undergone substantial
development, with each
section being developed as an
independent residential zone,
resulting in a complex and
somewhat disorderly structure.
The design of public spaces
within these residential areas
exhibits irregularity, primarily
influenced by the intersections
of buildings, houses, and
multiple roads. In such a chaotic

O O Multiple

© O Hardground

O O High
O O High
® O High

environment, the inclusion of
trees in the design has been
overlooked, and only select
streets feature green belts,
serving as decorative elements
for the overall area, and lack a
unified aesthetic or coherent
green infrastructure.

Chapter 4. Analysis

Platanus
acerifolia

Juglans Tilia
regia vulgaris

Typical tree selection & shadow analysis

@

slmm\ Residential
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Typology 5

Site properties

Single ® O O

Surface ground texture

Softground @® @ @

Tree coverage
Low e O
Urban density

Low e o o

Surface ground temperature

Low e o o

This area is an extension that is
embraced by fragments of the
original agricultural landscape
and is adorned with lush
greenery along the Zwartewater.
The natural landscape of the
region serves as a cohesive
and verdant foundation, lending
a sense of harmony and
continuity to the area. Careful
attention has been given to
seamlessly integrate the edges
of the neighborhood with the
surrounding natural

O O Multiple

® O Hardground

O O High
O O High
© O High

environment. Within the
residential area, family
households and low-

rise buildings take center
stage, characterizing the
neighborhood’s ambiance. The
houses are clustered within the
residential zone, surrounded
by an uninterrupted green
framework. As a result, the
distribution of trees in this area
appears more scattered and
organic, allowing for a sense of
free and natural variety.

Amelanchier Betula Robinia Crataegus
campestre canadens pendula psac prunifolia

Typical tree selection & shadow analysis

)0 md

Exisiting section

” between

s\ Residential
HH / Housing
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Typology 6

Site properties

Single ® O O

Surface ground texture

Softground @® @ @

Tree coverage
Low e O
Urban density

Low e o o

Surface ground temperature

Low e o o

This area was initially a
traditional agricultural
settlement, with buildings
dispersed across higher

ground. The layout of these
communities is characterized

by spaciousness and abundant
green vegetation. The area holds
a unique position within the
agricultural landscape, which
led to its gradual integration

into the expanding city of Zwolle.
Consequently, the landscape and
arrangement of trees in

O O Multiple

® O Hardground

O O High
O O High
O O High

this area still retain elements
reminiscent of the agricultural
environment.

Although the urbanization

and expansion of Zwolle, the
landscape and tree arrangement
have been consciously preserved
to maintain the essence of the
agricultural landscape. This
retains the rural aesthetics
fosters a sense of continuity

and connection with the area’s
heritage.

Chapter 4. Analysis

20m

10m

Robinia Tilia Acer Betula Quercus
psac cordata campestre pendula robur

Typical tree selection & shadow analysis

0 ‘0

Exisiting section
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Typology 7
Site properties

Single ®¢ O O O O Multple
Surface ground texture

Softground @® @ O O O Hardground

Tree coverage

Low . . . O O Hi g h Quercus Fagus Aesculus Robinia Tilia
robur sylvatica hippocastanum psac cordata
Urban density Typical tree selection & shadow analysis
Low ® ® O O O High
Surface ground temperature
Low @ © @ O O High 6 (K

Exisiting section

This area represents the urban
landscape zone of Zwolle,
primarily encompassing a
landscape park that holds
significant cultural value due to
its historical relics. Surrounding
the park are various residential
areas and urban infrastructure,
harmoniously blending with

the natural surroundings. The
area is distinguished by its
exceptional green features,
highlighting the commitment to
maintaining a high standard of

environmental quality.

Due to its proximity to the
agricultural region, the
government has made
concerted efforts to enhance
landscape continuity in this
area. As part of this initiative,

a forest background has been
constructed to further enrich the
natural scenery and ensure a
seamless transition between the
urban and rural landscapes.

8 Nature
Forest

almm\ Residential
M/ Housing

“Space-ship” between
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Typology 8
Site properties
Single ® O
Surface ground texture
Softground @ O

Tree coverage

Sparse e O
Urban density
Low ® O

Surface ground temperature

Low ® o O

Unlike other areas, this site
showcases a remarkably low
building density, offering a
stark contrast to the bustling
urban environment. The site is
close proximity to a vast man-
made forest, and exemplifies an
alternative approach to bridging
the gap between agricultural
land and urban development
through landscape integration.

O O Multiple

O O Hardground

® O Close
O O High
O O High

The presence of the large man-
made forest serves as a critical
component in the transition
from agricultural to urban land.
It acts as a verdant buffer zone,
closely blending the surrounding
rural landscape with the
emerging urban area.

sl Residential

M/ Housing
Nature
Forest
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Typology 9

Site properties

Single e o o

Surface ground texture

Softground @ O O

Tree coverage
Sparse e o
Urban density

Low ® & O

Surface ground temperature

Low ® O O

This small rural residential
area, located in close proximity
to Zwolle, serves as a future
target for urban expansion

as per the plans of the local
government. Presently, the
area is in an early stage of
development, characterized by
small-scale extensions within
the rural landscape. The original
agricultural practices in this
area originated on the elevated
sand ridges, establishing a

O O Multiple

O O Hardground

O O Close
O O High
O O High

strong connection between
the core settlements and the
surrounding natural features.

From the core settlements, the
visual relationship between the
buildings and the landscape

is remarkably pronounced.

The buildings in this area have
been positioned to create a
harmonious interaction with the
natural surroundings.

Agricultural
Area
s\ Residential
/\E Mixed-use W:W /) Housing
L Community

Chapter 4. Analysis

Liquidambar Alnus Acer
styraciflua cordata campestre

Typical tree selection & shadow analysis
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4.3 Analysis Conclusion

QOO O® OGO L»

Higher ground surface
temperature

Higher urban density

Based on the analysis of the
nine different urban typologies,
a final conclusion can be drawn.
Areas with higher urban surface
temperatures tend to exhibit
higher urban density and lower
tree coverage. Conversely,
areas with lower urban surface
temperatures display relatively
lower urban density and higher
tree coverage.

These combinations often
manifest as linear arrangements
or large-scale groupings.
However, it is important to note
that while some areas may
have similar urban densities,
those with low tree coverage
experience lower surface
temperatures due to the
presence of open green spaces,
such as agricultural land.

From this perspective, it
becomes evident that open
green spaces can contribute
to reducing urban surface

temperatures to a certain extent.

Consequently, in subsequent
design phases, it is crucial to
apply these conclusions to the
site. Efforts should be made
to incorporate the identified
patterns and principles, such

Higher tree canopy ¢
PY

as promoting tree planting and
maximizing green spaces, to
mitigate surface temperature
and enhance the overall climate
resilience of the city.

Chapter 4. Analysis

4.4 Analysis Result & Planting Design Principle

4.4.1 Urban Typology and Natural Space

Based on the aforementioned
findings, six common spatial
distribution relationships
between cities and nature have
been identified. These models
serve as beneficial frameworks
for constructing climate-
mitigating urban environments.
These six types, they all share a
common feature: Having a close
connection between large open
green spaces and the urban
developed area. This connectivity
is vital as it enables significant
evaporation and absorption even
in the presence of extensive
urban hard pavements. As a
result, it helps alleviate the
pressure of high temperatures
on the urban surface.

By strategically establishing
large-scale green spaces that
are seamlessly linked with

the city, the adverse impacts

of urbanization, such as heat
accumulation, can be mitigated.

01 02 03

Open and dotted green
combination

Large open green Center core green

04 05 06

neighborhood green
node creation

Street and community Decentralized interlaced

interaction
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4.4.2 Tree Arrangement Result

54

Point

The arrangement of trees has

a significant impact on the These trees are typically old and situations for linear tree mup
massive, found in open green spaces - . I
Sh&?dOV\IIS cast on the ground, 73 within urban areas. They cast significant arranggment apd combination: }:
which, in turn, affects the urban N shadows. single linear alignment, —H
surface temperature. Various L I8 segment, parallel and j‘a

tree arrangements, whether
singular or in linear or group
formations, generate different
amounts of shade. Through
the analysis of the nine city
types and their associated
urban forest types, it has been
possible to identify the tree
combinations that are most
effective in mitigating the
urban surface temperature.

By considering factors such

as tree density, distribution,
and canopy coverage, optimal
tree arrangements can be
determined.The findings reveal
the specific tree combinations
that provide the greatest cooling
effect on the urban surface
temperature.

Regarding single tree
arrangements, they can be
categorized into two situations,
large single point, and the small
single point.

Large single point

Small single point

These trees are commonly found in
dense urban spaces, offering limited
shade. However, they contribute to the
diversity of urban greenery.

Linear

There are four primary

interlaced. Linear tree
arrangements are commonly
found along various types of
roads. However, the specific
conditions of the road
determine the variations in
linear tree arrangements, with
tree distribution designed in
accordance with road width.

Linear tree arrangements are
characterized by trees of equal
height, creating vertical planes
reminiscent of columns or walls.
The density and height of the
tree canopy can be strategically
manipulated to achieve different
spatial effects. Moreover, the
linear tree arrangements also
play a crucial role in defining
pedestrian and vehicular spaces,
enhancing safety, and creating

a more pleasant and enjoyable
environment for road users.

NENNNEEIE
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Group

In the previous studies, the
group tree arrangement

has demonstrated their
effectiveness in reducing urban
surface temperatures. The

four situations where these
tree formations commonly
occur are as follows frames,
scattered, random distribution,
and solid group. These tree
formations, typically consisting
of relatively old and large trees,
not only create ample shade
that mitigates surface heat

but also contribute positively

to the environment through
evaporation effects. However,

it is worth noting that these
trees predominantly exist

in areas with lower levels of
urban development, often in the
outskirts or surrounding regions
of the city. This is because the
incorporation of large-scale
tree clusters was not initially
included in early urban planning
designs.

4.4.3 Tree Selection Result

Tree Crown

Tree type selection is crucial in
addition to the arrangement of
trees, the specific ability of trees
to reduce urban temperature

is mostly dependent on the
number of trees, the leaf density
and the shape of the crown.
(Tamaskani Esfehankalateh

et al., 2021) The research of

the impact of tree types on
urban surface shading and
cooling by Speak says wider

tree crowns are associated with
higher cooling. (Speak et al.,
2020) They employed thermal
imaging cameras to monitor
surface temperature changes

of 85 tree species across three
typical urban surfaces in Italy.
Drawing from these findings and
considering the plant species
already present in Zwolle’s
urban area, the cooling potential
of the city’s existing tree types
was summarized to inform
design decisions.

Aysuap Adouey
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Aysuap Adouey

Ausuap Adoue

faisusp fdoueg

TR

Aisuap Adouen
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Aysuap Adouey

Ausuep Adoueg

g LD

The original data (Speak et al., 2020)
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Leaf Shape

Except for tree types, the size
and shape of leaves also play

a crucial role in mitigating
urban surface temperatures.
The research by Rahman said
that Leaf area index showed

a positive correlation with all
three mechanisms of cooling.
(Rahman et al., 2020) Therefore,
leaf characteristics serve as
significant criteria for selecting
tree species in future design
considerations.

This research by Speak shows
that needle-shaped leaves
exhibited one of the highest
cooling effects compared to
other leaf shapes. Therefore,

it is advisable to consider a
slight increase in the proportion
of coniferous trees for future
development in Zwolle city.
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Normal Tree Selection

The selection of plants for the
study was primarily influenced
by the existing tree system in
the city of Zwolle. However,
considering the imperative of
climate mitigation in cities, it is
essential to prioritize trees with
relatively large canopy areas

for future plant selections. By
opting for tree species with
expansive canopies, the aim is to
maximize the reduction of urban
surface temperatures in Zwolle
through strategic plant choices.

In the context of climate
change and the associated
urban heat island effect,

trees with larger canopies
offer numerous advantages.
Their broad coverage provides
extensive shading, allowing

for more effective cooling of
urban surfaces. This helps to
mitigate the heat absorbed by
buildings, pavement, and other
infrastructure, thereby reducing
overall surface temperatures,
and enhancing the comfort of
the urban environment.
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Evergreen Tree Selection

During the winter season in
Zwolle, many of the existing
trees display bare branches,
which can create a stark and
barren appearance in the urban
landscape. To address this, it is
benefit to plant evergreen trees
into the city’s green spaces.
Evergreen trees retain their
foliage throughout the year,
offering a refreshing burst of
color and visual interest, even
during the colder months.

Meanwhile, Zwolle can enhance
the appeal of its surroundings,
enrich the cityscape and create
a sense of vitality, particularly
during the winter months when
natural colors tend to be muted.
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Conifer Tree Selection

As discussed in the previous
findings, coniferous trees have
been identified as particularly
effective in reducing urban
surface temperatures. However,
it is noteworthy that the
presence of coniferous trees

in the Zwolle area is currently
limited. Therefore, it is crucial
to incorporate a greater number
of coniferous trees into future
urban planning and development
in the region.

Coniferous trees, characterized
by their needle-like or scale-like
leaves, offer distinct advantages
in climate mitigation efforts.
Their unique foliage structure
allows them to retain moisture
and maintain their green color
throughout the year, making
them well-suited for Zwolle’s
climate, including the colder
winter months.

Jan.

Feb. -

Apr.

May. |

Jul, -

Oct.

ODOR

TASTE VISUAL

TOUCH SOUND

EMOTIONS

Mental and Physical
Perception

JRjuIM

PLANTING

° Lartin name/ Color/ Tree Image
o Pts
Fo’ o

REFLECTION ATTRACTION CONTAINERS
MODULATOR SCULPTURE EDGE SINGLE
SOFTENING ARTICULATOR
HARDSCAPE NATURAL MASSING
COMPLEMENTION COLOR VAROATION COOL DOWN
FUNCTION

Space Atmosphere

and Reflection Mental and Physical

Perception

ol

3

<

S

2
s : z
% q S =
) 3. R b\) =z
< @ o o
2 ¥ d
=3 5\' =)
N =
4
=
@

< ~gtd
 plica®
Thuid

TREE
SELECTION

Bus C
Snewiojul juelg

>y Ul

s
Tceq b,
>S5

o2lig 15l wos) A

kyisianun usbuiuai

6 uswog
2 B

n

y afew| - yaiea

& g
§ 2, T
S Z.
< 2,

R X K

A s 2.

¥ N >
¢ <
.

COLOR PROPORTION

Chapter 4. Analysis

61



62

Chapter
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5.1 Site Analysis

5.2 Design Strategy
5.3 Design Framework
5.4.1 Street Design
5.4.2 Detailed Design
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5.1 Site Analysis
Regional Analysis Understand the Urban Forest Need

When choosing a site for design,
77 three primary factors to consider Climate risk area
e are climate, distribution of g - U
; vegetation, and availability of l
urban green spaces. If a site ‘
27 is experiencing climate stress,
- exhibits sparse vegetation,
, ’ and lacks public open green
s spaces, it becomes crucial to
s prioritize its design, and also a
high demand for urban forests
in the area. Taking these factors
into analysis, an early developed
high-density area near the city
center was selected as the
design area.

The analysis of the urban
situation in Zwolle reveals that
the city is situated in a delta area
and stands as a major city in this
area. It benefits from relatively
good connectivity through the
A28 highway leading to Utrecht
and various train lines. However,
the analysis indicates that the
city is segmented due to these
prominent transportation routes,
resulting in limited connectivity
between different areas. This

is particularly evident in the
central part of the city, which
was developed earlier and

is encircled by railroads and
highways, leading to a loss of its
connection with the surrounding
region.

Tree lack of area

~ Agricultural N
s -Area ’

Site selection conclusion

W {v » = v
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Site Introduction Site Analysis LEGENDS

The selected site under the Located in a well-established

Zwolle’s historic city center, residential area, this site is ‘\ Exisiting rzlzfsz:q
characterized by its dense characterized by a remarkably N/ ! . Strect Level 2
residential population and high building density. The main S R T —— streetlevel3
significant vulnerability to the feature of this locality is its 1 ‘ ‘ o e

urban heat island effect. This central region, which comprises -
area lacks sufficient public open 7 ; residential structures, |
green spaces, with only a few //////////////// ; unfortunately lacking in green
functional areas and large-scale ”//////,//////////// ' @ spaces. Scattered throughout

Transportation &
grey infrastructure layer

residential hO.US|.ng. There. IS a % 7/ thls a'rea, Or:]e Ca.n find a feW Exisiting tree distribution (Planting year)
notable scarcity in vegetation, 7 Z buildings with diverse functions. 1827 - 1899
which hinders effective reduction L Fortunately, the surrounding 17001949

/ 7 : > 7 P © 1950-1999
of urban surface temperatures. / : A5 proximity compensates for ® 20002023
This area holds natural potential &N ‘ this deficiency with a range of

. . . [De . . . . .
due to its proximity to a large highly functional sites, including
urban park. However, due to ‘ / educational institutions,
. . h |_|_ t th A ff b ld b k Exisiting planting area Exisiting grassland area
its perl_P era_ ocation, the Gl : office buildings, urban parks, Companies and industry Il Companies and industry
park fails to integrate nature ® - S~ ‘ and outdoor sports area. Cemetery B Cemetery
into the neighborhood and is 5 e Furthermore, the surrounding Inner city I e city
inconveniently distant from £ area has a higher vegetation Outeide arez Bl Ouisite area
i H H Main green areas [ Main green areas
certain residential areas, | coverage compared to the High-quality office facilities B High-quality office facilities
resulting in limited accessibility e central residential zone. p Park B Perk
to this natural forest for some prT :/I:Tl—t
. B a
nelghborhOOds. S;zinglrr;f;:t;:zteull:y:‘r ™ Residential area, offices and schools Residential area, offices and schools
i
Exisiting site content
% I @ Industrial area @ Church / Cultural area
Sports area © Sschool / campus
/ @ City park Q City plaza

Bus stop/station Train station

site content
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Gathering Activities with pets Outdoor Sports
. . . O 0
Landuse Analysis Functional Analysis . o A\S
Upon closer examination of the B The residents of these
site, it becomes evident that communities engage in a wide
despite the presence of a sizable range of daily activities, however,
urban park adjacent to it, there they are constrained to limited '

options due to the scarcity of ; .
green open public spaces in the : . E . - L .
area. Therefore, their ability to : Chatting : Family Activities EChlldren s
participate in various activities ' /O > s iPlayground
is limited to the existing small : :

green space.

is a noticeable absence of an
effective connection to the city.
As a result, the lush greenery
of the park fails to extend its
reach into the urban landscape.
Furthermore, each distinct area
within the locality suffers from
a lack of vegetation connectivity,
further exacerbating the

issue. The high-density

urban environment hampers
the potential for seamless
integration with the neighboring
urban park.

......

Industrial
Area

Additionally, the inclusion of
urban forest elements within
the central residential area
could serve as a stepping stone
towards establishing a seamless
transition from the urban park
to the heart of the city. This
approach would help mitigate
the disruption caused by the
high building density and enable
residents to enjoy the benefits
of nature within their immediate
surroundings.
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5.2 Design Strategy

Green Loop

The initial step in the design
process involves deliberate
consideration of how to enhance
the natural green conditions

of the community, addressing
three key objectives: improving
the community as a whole,
mitigating urban surface
temperature, and enhancing
the residents’ living experience.
Therefore, the primary focus is
to expand nature’s presence in
as many locations as possible,
fostering a stronger connection
between nature and people
while simultaneously addressing
residents’ daily needs.

Exisiting green loop
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New Green Loop Framework

LEGENDS

<=  New greenery pedestrian
«-+++» Major development greenway

<4— Green connection between communities

Existing green space
New green spaces

% New public parks

Sports fields

City Parks

5 %

The primary approach to
increasing green spaces
entails transforming the
existing hard surfaces

of the city into natural
materials, utilizing methods
such as adding extensive
lawns and similar features.
Furthermore, the city will
witness an increase in the
number of trees, while
planting arrangements
and vegetation choices

for different community
environments will be
determined based on the
conclusions of 4.4.2 which
from the previous analysis,
ensuring design the most
effective and impactful urban
forest.

Activity space/
social hub

Leisure/relax
space

Nature
atmosphere

G1. Large open green spaces

|mpact; D ———

G4. Plaza and parks

Impact:  =e—————

o)

G7. Straight line urban forest

Impact:  e——————

o) i

€
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G2. Optimization of hard-surfaced

parking lots

|mpact; ————

o) &)

G5. City plazas

Impact: e———

o] i

G8. Multi-experience
urban forest parks

Impact:  e—————

(@) a3 €€

G3. Pollinator gardens

|mpact; ———

o) i) ee

Gé6. Enriched circulation parks

Impact:
o) i 2

G9. Large group of tree
near urban area

Impact:  ——————

o) i) €€
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Transportation & Circulation

However, it is also important to
address the issue of integrating
urban traffic and circulation
through natural means after
improving the urban forest
situation. Finding effective
strategies to harmonize urban
mobility and natural elements
is essential for creating a
sustainable and balanced
natural urban environment.

()
[}

o
o
()

e
e ) o
Exisiting Transportation &
Circulation

New Transportation & Circulation Framework

LEGENDS

o

e BUS Staion

Small vehicle circulation
Intercommunity roads

Main circulation flow in communities
Main roadway

Transportation hub

One approach to better integrate
urban traffic and circulation is to
use tree to make the connection
between each road. For
instance, incorporating green
infrastructure elements such as
vegetated medians, tree-lined
streets, and green corridors

can help manage traffic, reduce
congestion, and enhance the
overall aesthetic appeal of the
city. By locating green spaces
and pathways in a sufficient way,
residents can enjoy pleasant
walking and cycling experiences
while promoting sustainable
modes of transportation.
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Street
C2. Adding more green to C3. Urban forest group near
industrial areas the high building density area
Impact: ————— Impact:
@) [ € @] (aai) 4 >
Community/
residential
Cé. Green roofs/green facades C5. Adding more green to Cé. Open the closed
community area residential ‘circle’
Impact:  e—— Impact: =————— Impact:  ee—————
4 €€ &) i) € o) @) €
Mixed-use

C7. Optimization of C8. Trees in front of C9. Large trees isolate
hard-surfaced parking lots the large building the railroad
Impact:  ee———— Impact:  ———— Impact:  e——
o) @) € i € @) (aas €€
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Activity & Social Hub

Program is also an important

The primary approach to
increase activities involves

Chapter 5. Design

aspect of the design process as

it contributes to the vitality of the New Activity & Social Hub Framework enhancing open activity areas, Community

activity space

area. Increasing the diversity of
activities can bring a renewed
vibrancy to the community.
Based on the previous analysis,
it shows that the remaining
social hubs in the community
are primarily centered around
the train station and the

such as gathering spaces and
community parks. These spaces
can serve as focal points for
various recreational and social
activities, increasing a sense

of community engagement

and providing opportunities for

residents to connect with nature.

(éas) €

A1. Neighborhood parks

|mpact; ————

school area near the city park, ! PRl O
indicating a scarcity of activity B O X By developing and expanding Open public
areas. Therefore, enhancing 1 open activity areas throughout activity space
the activity experience through ~ SEE e 1 the city, the design aims to
nature becomes a key focus in ; create a more balanced and
K . ~.‘;, ~~~~~ . . . .
the deSIQn process. p ""‘\-____ // . i {otie \ lncluswe environment. ThIS A4. Gathering spaces/parks AS5. Event/celebration plaza Ab. Parks inspired from
. ‘ -------- / 4 s approach ensures that residents regional landscape
Currently, the distribution of & i have convenient access to ;Epid: — IMPpaC;  — Impact;  —
.. - . . g aan € € aan € aan €€
activity areas within the city is \6&‘ spaces where they can engage o) i i i) ¢
uneven. To address this, the é\\& in a wide range of activities,
design aims to add more nodes % fostering a sense of well-being
and expand the city’s activity and community cohesion.
1 LEGENDS .
aria, exnsur;lin?] t[la’;pe:iptqe car:n e City
.a €e Cep 0 . ate pe ences Activity connection way conneCtlon
different locations. i
. Social and activity hub
e Q > Activity flow comes from 5 ; 5 . 3 o
4 s W° ° A7. Bridges connect with A8. Bridges over traffic A9. Connection to the city center
= 5. e ° ¥4 ° different function area
(] 2 N 2 ° e Impact: Impact: Impact:
s Ll 7 (o) (i) (4 eee o) ] o) eee o) ) e €€

Exisiting Activity & Social Hub
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5.3 Design Framework

Overall Framework

New green friendly
Building area

The overall design framework
is derived from the three
previously strategies, focusing
on adding more possibilities

Large tree
road

\\
\ [
\\

Industrial |
|area

Soft the large
industrial are

J

Design Layer

The design process to achieve
the desired outcome consists of
three main layers: line, group,
and face. These layers are
interconnected and contribute
to the overall success of the
project.

The first layer, line, involves the
development of green corridors
and the implementation of
different planting strategies for
existing city roads.

The second layer, group,
focuses on creating urban
natural areas, including open
green spaces and tree groups.
This aspect holds significant
importance in the project, as it
forms a pivotal element of the
design. By carefully integrating
these natural areas into the
community, the design aims
to enhance the overall green
experience.

The third layer, face, involves
connecting the green corridors
established in the first phase
with the urban natural areas

developed in the second phase.

Furthermore, by involving the
residents in the process, the
design aims to enhance their
green experience and promote
the expansion of green spaces
within the central area of the
community buildings.

By implementing these three
phases, the design achieves
a desired outcome where

the community benefits from
increased greenery, improved
aesthetics, and enhanced
ecological values.

Chapter 5. Design

Improve street linear trees

Layer 2 Layer 3

Group Face

Enhance green patches Increase private green spaces

Short term

Long term

to the neighborhood and : ; -
enhancing connections within 4 X0~ - TR , // \_,—’
the community, extending from \ ~ :
the center to the surround. This N = T ——— \
is achieved by introducing urban i

green spaces and increasing the

presence of urban trees.
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Site Exisiting Condition

The current situation of the
community reveals two issues:
a lack of vegetation and a high
density of built-up areas that
contribute to the urban heat
island effect and heat stress
problems.

Future developed

The addition of urban green
spaces and urban trees
plays an important role in
connecting different parts of

the community. By strategically

placing these elements,
pathways and corridors can
be established, creating a
network that seamlessly
integrates the neighborhood
with its surroundings. This
enables residents to explore
and access the community
periphery, further expanding
their interactions with nature
and neighboring areas.

ocll 1|

LEGENDS

Main planting improve road
Second planting improve road
Boulevard

Railway

Landscape potential buildings
New design buildings
Campus buildings

Parks

Train station

U
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5.4.1 Street Design

Street level & Design Principle

For roads wider than 20 meters,
the design aimed to increase
the number of trees on both
sides of the road. In cases where
the road was spacious enough,
additional trees were also
considered for planting in the
center of the road. Preference
was given to larger tree species
to create a more prominent
visual impact and provide
ample shade and environmental
benefits.

Roads with a width ranging
from 14.5 to 20 meters were
also targeted for increased
tree planting on both sides.
In this class, the selection
of tree species was more
flexible, accommodating a
variety of options beyond
large spreading trees. This
approach allowed for a
diverse and visually appealing
streetscape.

For roads with a width between
8.5 and 14.5 meters, the
design focused on planting
arrangements that prioritized
the limited space available.
Smaller diameter trees were
preferred in these areas to
maximize the green potential
within the confined space.
Attention was given to selecting
species that would thrive

and contribute to the desired
greening effect.

Lastly, roads with a width of

less than 8.5 meters presented
unique challenges due to their
limited space. In these cases,
the design proposed planting
either a single row or a double
row in a staggered arrangement.
Given the restricted area, only
very small tree species were
suitable for these narrow
streets, ensuring that growth
and maintenance would not
impede pedestrian movement or
obstruct the visual openness of
the area.

By following these guidelines
and considering the specific
characteristics of each road
class, the design aimed to
optimize the greening potential
of the street network, resulting
in enhanced aesthetics,
increased shade, and improved
environmental quality
throughout the community.

Street level & Design Principle

The first stage of the design
process focused on road
alignment. Utilizing the road
network information provided
by the Municipality of Zwolle, |
divide the existing roads in the
area were categorized into four
classes based on their width.
Each class was then assigned
specific guidelines for tree
planting and species selection.

Chapter 5. Design

81



Chapter 5. Design Chapter 5. Design

5.4.2 Detailed Design

Land use Street level Stree design planting principles Tree crown Detailed Site Selection
selection

§ Detailed design site 2
Area - - o8,
t - Detailed designsite3 o
Area .A ma o - . i i
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SITE1

Site1 Introduction

Situated near the bustling
Zwolle Central Station, the first
site is an open lot without any
trace of lush vegetation. This
undeveloped land presented an
opportunity to transform the
area into a thriving green space
with numerous benefits for the

surrounding urban environment.

Site1 Analysis

The proximity of the site to the
train station holds immense
potential for creating a vibrant
and accessible green corridor
that seamlessly integrates
with the transportation hub. By
carefully designing the space,
it can be transformed into a
welcoming oasis, providing

Chapter 5. Design

///// o+

a refreshing respite for
commuters and visitors alike.
Incorporating a diverse array of
plantings, such as trees, shrubs,
and flowering beds, will not only
enhance the aesthetics but also
improve air quality, mitigate
noise pollution, and contribute
to the overall well-being of the
community.
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Site1 Design Process

When contemplating the

design approach for this site,
envisioning it as a new urban
community park emerges as

an excellent solution. Such a
park would not only enhance the
quality of life for neighboring
residents but also function as a
verdant

buffer, effectively mitigating

the noise emanating from

the nearby train station and
shielding the residential area
from its disturbances. The park’s
design should prioritize creating
a seamless and immersive
experience for users, while
simultaneously

addressing the need for
environmental sustainability. In
addition, a wealth of streamlines
has been created in the park,
and the arrangement of plants
is designed from closed, semi-
closed to fully open. It can not
only bring a different visual

visual experience to people
who come to the park, but

also greatly help to reduce the
surface temperature of the city.

Site1 Masterplan

Linear tree arangement recreational space

Open space

Enclosed forest pathway 10 Forest pathway

Gathering space 11 Tree buffer zone

Solidtreegroup 12 Buffer slope
Children playground 2

¥ emi-open space
Pet friendly area ) - ) B N g
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Site1 Section Elevation
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Site1 Street Level Design Site1 Perspective
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SITE 2

Site2 Introduction

The second site, conveniently
situated adjacent to the city
park, offers a blend of office
areas and school facilities as

its primary components. While
some vegetation exists on the
site, the presence of substantial
buildings and an extensively
paved parking lot has limited the
amount of greenery available.

Site2 Analysis

Despite the presence of some
vegetation cover, the overall
greenery on the site remains
relatively sparse. The imposing
structures and the expansive
parking lot, constructed with
hard paving materials, dominate
the landscape, creating a
visually concrete-heavy
environment. Consequently,
the site lacks the lush green

Chapter 5. Design

vegetation typically associated
with natural surroundings.
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Site2 Design Process

During the design process for
this area, a key question that
arose was whether it could serve
as an urban forest transition
zone, facilitating the integration
of the abundant natural
resources from the adjacent
urban park into the high-density
cityscape. Recognizing its
location within a bustling traffic
zone, it became imperative to
establish a pedestrian-friendly
walking environment. To
achieve these goals, an effective
approach would be to introduce
an array of green vegetation
and consider the construction
of a green high-Lline flyover as a
means of infusing greenery into
the urban fabric.
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SITE3

Site3 Introduction

The proximity of the site to the
historic center brings forth
unique possibilities for blending
modern functionality with the
city’s rich cultural heritage. As
the site lies on a necessary route
between the city center and this
area, it assumes an important
role in facilitating connectivity
and accessibility.

Site3 Analysis

In addition to its proximity to the
historic city center, the location
of this area near Zwolle Central
Station further enhances its
accessibility and potential.

Currently, the buildings in this
site primarily consist of office
buildings, while the central

area comprises hard pavement
designed for parking purposes.
The scarcity of vegetation on
the site is evident. A closer
examination of the urban surface
temperature map reveals that
this area experiences higher
surface temperatures compared
to other locations. This presents
an imperative to address the
heat island effect and create a
more inviting and comfortable
environment.
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Site3 Design Process Site3 Materplan

To fully maximize the potential

of this area, it is essential to

design a multi-functional city
square that not only caters to the
needs of the working population
but also attracts and engages
tourists. By transforming

the central area, currently
dominated by parking, into a
vibrant city square, the site can
become a lively hub that fosters
social interaction, community

engagement, and economic
activity.

Potgietersingel |-
park

e 10159001308,

“qATE PEYRUSICR

Therefore, a multifunctional and
pedestrian-friendly urban plaza
is designed with the current
flow analysis of the site. Also
some design suggestions are
given in terms of architecture,
which can transform the current

building into a sustainable green
building.
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Site3 Planting Plan/Design Site3 Street Level Design
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6.1 Regional Vision Design Framework
6.2 Regional Vision

6.3 Design Comparison
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6.1 Regional Vision Desigh Framework

The Future Urban Forest Connection

After the current site design, it is
imperative to envision the future
development of the entire city.
The concept of “forest urbanism”
emerges as a compelling
solution, not only capable of
linking communities and urban
parks but also serving as a
unifying force for the entire city.

Forest urbanism presents a
visionary approach to connect
scattered areas within a

city, creating a harmonious
network that extends beyond
individual neighborhoods. By
integrating green spaces and
urban forests, this concept
facilitates connectivity between
communities and enables a
smooth transition from urban
areas to the natural environment
of the urban periphery.

Regional Vision Design Concept

At its core, forest urbanism
emphasizes the creation

of green corridors or tree-
lined pathways that traverse
the urban landscape. These
corridors serve as green
arteries, providing not only
physical connectivity but also
fostering a sense of unity and
continuity throughout the city.
Through careful planning
and design, these corridors
can effectively link various
neighborhoods.

In addition to connecting
communities, forest urbanism
extends its reach to the outskirts
of the city, where a more

natural environment awaits. By
establishing green buffers and
transitional zones, it ensures

a smooth interface between

the urban fabric and the
surrounding natural landscapes.
These transitional zones can
consist of green belts, nature
reserves, or ecological corridors,
seamlessly blending the urban
and natural realms.

Built-up urban area
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6.2 Regional Vision 6.3 Vision Design Comparison

The new urban forest infrastructure Future Urban Surface Temperature Change Without Intervention

Zwolle existing summer urban surface temperature " - Lo Zwolle summer urban surface temperature after 10 years
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7.1 Conclusion

In conclusion, the project
centered around the concept of
creating a climate mitigating
city through forest urbanism
has demonstrated the immense
potential of integrating nature
and built environments to
address the pressing challenges
posed by climate change. By
incorporating forests into the
urban fabric, we can not only
enhance the aesthetic appeal

of cities but also foster a
sustainable and resilient urban
ecosystem.

Through careful analysis and
design, we have shown that
forests can serve as powerful
tools for climate mitigation and
adaptation. Forest urbanism
provides multiple benefits,
including carbon sequestration,
improved air quality, reduced
urban heat island effect,
enhanced biodiversity, and
increased resilience to extreme
weather events. Moreover, the
integration of forests into cities
promotes human well-being,
providing spaces for recreation,
relaxation, and connection

with nature, thus improving
the overall quality of life for
residents.

To maximize the benefits of
forest urbanism, it is important
to consider factors such as the
selection of appropriate tree
species, planting locations,
and maintenance practices.
Integrating forests and green
spaces into urban planning
and design can create more
sustainable and resilient

cities with improved thermal
conditions.

How to create a climate
mitigation city through forest
urbanism?

Incorporate forest urbanism
principles into city planning and
zoning regulations. Allocate
suitable areas for the creation of
green spaces, urban forests, and
tree-lined streets. Ensure that
these areas are well-distributed
throughout the city to maximize
their climate mitigation benefits.
Implement reforestation and
afforestation initiatives to
increase the tree cover within
the city.

By designing and intervening

at different scales, the urban
forest throughout the city exudes
a new vitality that permeates
every aspect of urban life. At

the regional scale, strategic
planning and landscape design
create a cohesive framework for
the integration of green spaces
and urban forests.

By carefully considering the
city’s layout, connectivity, and
land use patterns, we can ensure
that the urban forest becomes
an interconnected network,
spanning across neighborhoods,
districts, and even entire cities.

Large Scale Intervention
Regional Scale

At the medium scale, urban
forests are integrated into the
fabric of the city through the
design of streetscapes, plazas,
and urban squares. Tree-lined
streets create shaded pedestrian
pathways and encouraging active
modes of transportation. Green
spaces within neighborhoods
and around public buildings
foster a sense of community
and provide opportunities for
recreation and relaxation.
These carefully designed
interventions ensure that the
urban forest is easily accessible,
inviting residents to immerse
themselves in nature, improving
their physical and mental well-
being.

Medium Scale Intervention

Communitv Scale

On a small scale, the design

of the urban forest focuses

on individual streets or even
smaller pieces of green space
within the city. These smaller
interventions contribute to the
overall urban forest network and
have a significant impact on the
immediate surroundings.

Small Scale Intervention
Street Scale

Street /Small Scale Research and Analysis Model
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7.2 Reflection

In this project, my main design
objective is to integrate the
urban environment with nature,
effectively merging the city and
natural elements.

The essence of this project is
the harmonious coexistence

of urban and landscapes,
highlighting the significance of
design and keeping a balance
between human activities

and the surrounding natural
environment. By expanding the
potential of landscapes within an
urban background, this project
opens a new opportunities for
the approaches.

As a student specializing in
landscape backgrounds, this
project has broadened my
opinion on the importance of
landscapes at different scales,
unveiling the untapped potential
they possess.

Research

Although there are several
theories proving that trees

can lower the surrounding
temperature, there are not many
cases of using them in real
design, so how to translate the
basic theory into meaningful
analysis for the design of the
project was the main thing |

did in the analysis. Combining
exposure to theoretical
knowledge with the current
site situation allowed me to
draw several conclusions that
are useful for the design step.
Starting from the most basic
plants, the final goal is to create
a safer and more comfortable
human living environment
through the planting design
principle no matter how drastic
the external changes are. This
is also one of the challenges |
encountered in this project.

Design

To reduce the urban heat island
effect in highly urbanized

areas, it is necessary to design
in these area. In my design
process, | focused on a densely
populated residential area that
Zwolle had developed since 18
century. Increasing the urban
forest within this high-density
community to mitigate the urban
heat island effect is a challenge.
Due to the longstanding
existence and established
integrity of these communities, it
is difficult for the urban forest to
be introduced from the outset.
Therefore, | ultimately decided
to preserve the original
community as much as possible
while redefining the layout and
functionality of the surrounding
area. This involved improving

a substantial portion of the
surrounding urbanized land and
removing some redundant and
unnecessary houses to make
new space for the new urban
forest. The ultimate goal is to
hope that the urban forest

can bring better impact to this
community and the whole city.

Although many designs
emphasize the priority of
respecting nature, | think that

in this project, both people and
nature are equally important.
Because the future development
of this area requires both to
progress together, it needs to
grow from an area that mainly
emphasizes the urban to an area
where the urban and nature
develop harmoniously. If only a
single aspect is emphasized, it is
not the final goal of this project.

Future

This project, although focused on
a specific area in the city and of a
modest scale, holds the potential
to make a significant impact

on future urban development.

It can serve as a valuable
reference for other cities
undergoing transformation. This
project seamlessly integrates
three crucial aspects: urban
development, natural value, and
climate change. By merging
landscape architecture with
urban planning, it explores the
contributions that a broader
perspective on the landscape
can make to the city climate
problem and urban heat island
effect.
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