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Chapter 1 | Methodology | Conceptual framework

In the summer of 2023 heatwaves became quite prominent in 
the south of Europe. The Netherlands Meteorological Institute 
predicts that heat waves will increase from 26 to a maximum of 
47 days by 2050, affecting also the Netherlands in the future.
The main research question focused on proposing a strategy for 
a livable environment by designing public spaces to mitigate 
heat stress for vulnerable groups in Bospolder Tussendijken, 
Rotterdam, the Netherlands. The research involved a literature 
review, expert consultations, mapping of heat stress, scenario 
planning, and modelling of the urban environment. 
The research aimed to assess the livability of Bospolder 
Tussendijken in terms of physical and social liveability conditions.
The research identified vulnerable groups as the elderly and 
young children. Vulnerable groups were assessed for their 
accessibility to public spaces on a summer day, despite the range 
restriction caused by heat stress, and this information was used 
to inform design strategies. The application of the reproducible 
PET tool helped to identify the temporal vulnerability to heat 
stress. The urban design was tested and evaluated on the heat 
mitigation effect. 
The research emphasized the importance of identifying heat 
stress in public spaces and the need for urgent action to maintain 
the quality of life in the future. This research explores the thermal 
accessibility of humans in public space networks and could 
have various applications, including modelling the urban heat 
island and health effects at night. This research should prompt 
discussions for health organizations to investigate the thermal 
endurance acceptability of different target groups. Ultimately, the 
research concluded that urban planning should prioritize durable 
and readable interventions for citizens to function in the urban 
environment, while not being the only option to maximize heat 
mitigation.

KEYWORDS: Physiological Equivalent Temperature, Thermal 
Accessibility, Liveability, heat mitigation 

Abstract

Fig 0.1 The summer isn’t that bad, is it? Delfshaven. Photo taken by Author
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Fig. 0.2 Retrieved from https://www.theguardian.com/world/2023/apr/27/spain-braced-for-record-april-
temperature-of-39c-as-heatwave-causes-misery

The past summer has shown signs of changing climate variability. 
In Spain, people are already feeling the effects of heat at the 
beginning of spring, according to The Guardian (2023). Due to 
carbon emissions over the past decades, the heat will continue to 
linger in the atmosphere. The government has warned people to 
take precautions due to drought and temperatures 7-11 degrees 
Celsius above the average for this time of year. They have also 
highlighted behavioral thermoregulation strategies to cope with 
the heat (Millyard, Layden, Pyne, Edwards & Bloxham, 2020). If 
emissions continue at the current rate, heat events are likely 
to occur more frequently in the future, affecting not only the 
southern part of Europe but also other regions. It is important 
to take action in the built environment to address climate 
change, which requires a new approach to how we design our 
surroundings. 
Speculative design is necessary to sketch future scenarios 
with different stakeholders by creating scenarios and testing 
them to develop comprehensive designs (Dunne & Raby, 2013). 
Climate modeling requires consideration of the complexity of 
meteorological and physical factors. The synergy of the social 
aspect of public space usage is a key driver for adapting to 
climate adaptation in the built environment.
This report is part of the joint degree between the studies 
Geomatics and Urbanism, in which speculative design can be 
tested. The title of the Geomatics report is: “From thermal 
comfort to heat mitigation action: A reproducable QGIS plugin 
for calculating the physiological equivalent temperature in Dutch 
cities”.

Prologue 

Analysing the built environment situation
Conclusion design

Geomatics generating PET with PET simula-
tor tool

Urbanism translating requirements to design

Future work
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Svf		  Sky view factor
Bb		  Bowen ratio
PET		  Physiological Equivalent Temperature
PMV		  Predicted Mean Vote
Mrt		  Mean radiant temperature
WBGT		  Wet bulb globe temperature
MEMI		  Munich Energy-balance Model for Individuals
UTCI		  Universal Thermal Climate Index
GSI		  Ground Space Index
FSI		  Floor Space Index
OSR		  Open Space ratio

Glossary

Acces			   Access simply refers to the ability or 		
		             permission to enter or use something. It is 
			   more broadly applied and is not specific 		
		             to the context of disabilities. It can be about 	
                                 reaching or using something without 
                                 barriers.
Accessibility		  Refers to the design and creation of an  		
		             environments that can be used by people 
			   with disabilities. The goal of accessibility is 	
		             to ensure that everyone, regardless of their 
			   abilities or disabilities, has equal access to 	
			   information, technology, and physical spaces.
Heatwave: 		  summer days (maximum temperature 25.0°C 	
			   or higher) in De Bilt, of which at least three 	
			   are tropical (maximum temperature 30.0°C 	
			   or higher). This can only be detected 		
			   afterwards
Isochrone:  		  In geography and urban planning, an
			   isochrone map illustrates the region 		
			   accessible from a given position within a 		
			   certain time frame
Warm day : 		  20 degrees Celsius or higher air temperature 	
			   (KNMI, nd)
Summerish day: 	 25 degrees Celsius or higher day air 		
			   temperature (KNMI, nd)
Social mobility:	 Interactions and destinations that are of 		
			   social importance 
Spatial mobility:	 Geographical displacement by several 	
			           modes: in this case we look into the 
walkability of a place

Definitions
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‘ ‘ C h a p t e r  1  I n t r o d u c t i o n ‘ ‘

           	 1.        	 Problem field
           	 2.        	 Problem statement
           	 3.        	 Research gap
           	 4.         	 Research aim
           	 5.        	 Site location
           

Dakpark, Bospolder. Picture taken by Author

Fig 1.1. Schiedamseweg , Bospolder Tussendijken. Photo taken by Author
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Stated by the Intergovernmental Panel on Climate Change 
constituted by the United Nations (IPCC) the 2023 report, human 
activities with the involvement of production of emissions 
of greenhouse gases, have caused global warming. This was 
already visible in temperature trends 1.1 °C of difference in 
temperature above 1850-1900 in the time period of 2011-2020. 
Global greenhouse gas emissions have continued to increase 
from unsustainable energy use, land use and land-use change, 
lifestyles and patterns of consumptions across regions, countries 
and among individuals (IPCC, 2023a). This has implications in the  
fields this has implications, namely: water availability, health 
and well-being, cities settlements and infrastructures as well as 
biodiversity and ecosystems. Which is virtually certain are the 
increase in hot extremes due to attributed human influence. 

The past decades and future projections for (2021-2100) are 
shown in fig 1.2 Four  projections of global surface temperatures 
are used, based on the predicted continuation of GHG emissions 
very low (SSP1-1.9), low (SSP1-2.6), intermediate (SSP2-4.5), high 
(SSP3-7.0) and very high (SSP5-8.5). Those annual global surface 
temperature changes are marked in the fig 1.2 as ‘climate stripes’. 
Clearly our future depend on the actions we take nowadays. 

These IPCC predictions are also developed for the Netherlands. 
The Dutch Meteorological Institute (KNMI) does indicate the 
scenarios of high (Gl, Gh, Wl, Wh).Those predictions there is a 
difference between Gscenario’s G moderate global temperature 
exceedence most probably 1 degree exceedance and 2 degrees 
in heat temperature in 2050.  In 2085 it will vary between 1.5 and 
3.5 degree celsius. Next to this the difference between high wind 
pressure areas and low wind pressure areas. In summertime high 

2928

Global climate change 

1.1	 Problem field

wind air pressure cause warmer and drought. The 
climate change in terms of heat do cause problems 
for the health of humans and the natural system. The 
thermal complex is one of the contributors to the 
health status of people (Matzarakis & Amelung, 2008). 

Additionally, the Urbanity element indicates the 
release of temperature. Most of the time this term is 
indicated by Urban Heat Island. effect causes greater 
diurnal temperature fluctuations. 

Fig. 1.2. Retrieved from 
https://www.ipcc.c
h/report/ar6/syr/figs/

summary-for-poli-
cymakers/fig-spm-1 

port/ar6/syr/figs/sum-
mary-for-policymakers/

fig-spm-1
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Pressure space in population growth cities

“In 2018, 55% of the global population resides in urban regions, 
with projections indicating an increase to 68% by the year 2050” 
(United Nations, 2018). Prospects are showing that there is a 
gradual shift in residence of human population from rural to urban 
areas, in combination with the growth of population, see Figure 
1.5. 

Fig. 1.5 Growth of pop-
ulation throughout the 
years Retrieved from  
https://link.springer.
com/cha

Health problems considering heat

Fig 1.4. derived from (Martin et al., 2017) 

Extreme heat can lead to various health 
issues such as heat syncope, heat 
exhaustion, and heat stroke. Heat syncope 
causes a temporary loss of consciousness 
due to a drop in blood pressure (Bernard, 
Kenney, 1989). Heat exhaustion occurs 
when the core body temperature is 
between 38 and 40 degrees and can 
lead to dehydration, muscle dysfunction, 
dizziness, and headache. Heat stroke 
happens when the core temperature 
exceeds 40 degrees Celsius and can result 
in failure of the body’s cooling system, 
muscle damage, and inflammation of the 
heart (Robbins, 1989. The lack of adaptation 
to heat waves can increase the risk of 
mortality, see Figure 1.4. Inadequate 
environmental adaptation can lead to 
more deaths in the future, see Figure 1.3 
(Bernard, Kenney, 1989; Unicef, nd; Robbins, 
1989; Daanen, 2023).

Present day
2700 annual deaths

1.5 C rise 29.000

2 C rise 49.000

3 C rise 90.000

Fig 1.3. Projected annual deaths 
in Europe due to extreme heat 

in 2100 without adaptation 
(Nauman et al. 2020).

Chapter 1 | IntroductionChapter 1 | Introduction
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C i t i e s  f o r m e d  b y  f a s t  t r a f f i c 
a n d  u r b a n i z a t i o n  f a c e ,  f r o m 
t o d a y  o n w a r d s ,  t h e  e f f e c t s  o f 
i n c r e a s e d  t e m p e r a t u r e s  d u e  t o 
c l i m a t e  c h a n g e .  T h i s  i n f l u e n c e s 
t h e  m i c r o c l i m a t e  i n  d i f f e r e n t 
p e d e s t r i a n  p u b l i c  s p a c e s 
n e t w o r k s  w i t h i n  t h e  c i t y  a n d 
t h e r e f o r e  i n f l u e n c e s  t h e  d a i l y 
l i f e  o f  i t s  i n h a b i t a n t s .
I n  t h e  u p c o m i n g  y e a r s , 
t h e  v u l n e r a b i l i t y  i n  t e r m s 
o f  s o c i o - g r o u p s  a n d 
e n v i r o n m e n t a l  m o r p h o l o g y  w i l l 
i n c r e a s e  d u e  t o  h e a t . 
I n  t h e s e  u r b a n  e n v i r o n m e n t s , 
i t  s e e m s  t h e r e  i s  a n  i n e q u i t y 
i n  t h e  s u s t a i n a b l e ,  l i v e a b l e 
e n v i r o n m e n t .  T h e  v u l n e r a b i l i t y 
o f  h u m a n s  a n d  e n v i r o n m e n t s 
i s  u n d e r  p r e s s u r e ,  a n d  u r b a n 
d e s i g n  c a n  a f f e c t  i t  b y 
a d e q u a t e  p o s s i b l e  s o l u t i o n s  i n 
t h e  p u b l i c  d o m a i n .

1.2 Problem statement
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There are two main research gaps. One is the 
lack of an open tool that helps discovering 
the knowledge towards a action based 
approach see Figure 1.6. Next to this is that 
there is no strategy developed yet how 
to target down the most important public 
spaces to transform. 

Lack of one open platform with 
knowledge for multiple parties/
stakeholders

The PET published there is designed to 
represent the average conditions from 
10:00 UTC to 16:00 UTC on the first of July. 
However, it doesn’t take into account the 
spatial-temporal variations throughout the 
day, nor does it offer a baseline for typical 
daily conditions in cities. As a result, it is not 
possible to test any interventions based on 
this data. To address this, the research opts 
to model the PET using the calculation model 
developed by Koopmans (2024) in line with 
the reproducability guidelines advocated by 
the Agile conference. We will need to provide 
a more detailed explanation of the PET 
calculation method using Python for the next 
steps in the process. 

Strategy approach missing for 
intervening in public space

Currently, several municipalities are 
addressing this issue in their own way. 
There are no established guidelines for 
how municipalities should approach this 
problem, and their strategies vary widely. 
During the symposium at the University 
of Applied Sciences “Hot issues” 
organized by HVA (2023), the differences 
became evident. However, there is no 
standardized approach to the strategic 
implementation of interventions in public 
space design to make cities more heat-

resistant.

1.4	 Research aim 

The research aim is to combine a tool 
that involves multiple stakeholders 
to make use of a general code for 
indicating the perceived temperature by 
humans. 
Also a strategic way will be 
developed to create a heat resistant 
neighbourhood scale for pedestrian 
movement. 

1.3 Research gap 

Chapter 1 | IntroductionChapter 1 | Introduction

Fig. 1.6 Placement of this research within the field of knowledge and action. Put in 
the framework of Deltaprogramme (2018)
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1.5	 Site location

Fig 1.8. PBL (2022)
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Fig. 1.9 demographic inventory of CBS neigh-
bourhood (2022) and Rudifun classification for 
building typology (PBL,2022)
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This case study looks into the municipality of Rotterdam in the 
province of South Holland in the Netherlands, which is divided 
into 22 districts (see figure 1.7 and 1.9). Rotterdam is one of the 
most populated cities in the Netherlands. Furthermore, the 
imbalance between natural elements and the urban landscape is 
quite prominent (Palmboom, 1995) .
If we want to stimulate local movement in cities we have to focus 
on the modelling of pedestrian friendliness in the urban areas. 
Right now the mobility split in the Netherlands is still dominated 
by fast mobility supported network and pavement. If we want a 
heat resilient city for pedestrian movement, so we need to have 
urban design that can facilitate that.

Fig 1.7. Rotterdam and highlighted Delfshaven neighbourhood. 

Chapter 1 | IntroductionChapter 1 | Introduction
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Chapter 2 | Current climate liveability of Rotterdam| 

vulnerable
neighbourhoods
(high FSI, high 
GSI, low OSR)

high density of 
people/km2

Legend

38

Fig. 1.11 created with CBS neighbourhoods 2022, Rudifun 
2022, HVA 2022 )

Fig. 1.10 H/W ratio of certain urban morphology typologies 
(HvA, 2022) 

Historic city centre

H/W 2/3

Working class 

H/W 1/1

Urban block

H/W 3/2

Garden city high rise

H/W 3/1

High rise 

H/W 5/1

Neighbourhoods: 
Bospolder Tussendijken

Chapter 1 | IntroductionChapter 1 | Introduction

A closer look at the neighborhoods reveals the stressing areas for 
intervention in public design. The conditional statement of high 
GSI and FSI and low OSR reveals the lack of public space in the 
area. Next to this, in several urban areas, there is a higher density 
of people inhabiting the place.

If there is a distinction that needs to be made of the intervention 
in the public design, there is more chance in the neighborhoods 
with the Urban prewar classification (see Fig 1.10 and Fig 1.11). 
Within the Delfshaven district, the neighborhoods Bospolder and 
Tussendijken will be chosen.



Chapter 1 | Methodology | Conceptual framework

40

District: Delfshaven district

Neighbourhoods: 
Bospolder Tussendijken

City: Rotterdam/schiedam

Chapter 1 | IntroductionChapter 1 | Introduction

Fig. 1.12 Urban heat island contribution Klimaateffectenatlas   (CAS, nd)
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’ ’ C h a p t e r  2  M e t h o d o l o g y

	 1.		  Research approach 
	 2.		  Theoretical framework
	 3.		  Research questions
	 4. 		  Structure of reports
	 5.		  Methodological framework
	 6.		  Research methods of acquiring data

’ ’

Fig 2.0. Dakpark, Bospolder. Picture taken by Author
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2.1	 Research approach

This research delves into the concept 
of liveability, examining how the social 
liveability and the physical liveability 
within a neighborhood interact with each 
other.

The primary motivation behind this 
research is the understanding that if 
thermal comfort ceases to be just a 
comfort and becomes a necessity, it 
will jeopardize the universal needs of 
humans. Therefore, thermal comfort is 
a fundamental requirement, preceding 
essential aspects such as social 
interactions and self-actualization 
(Maslow, 1943)( see figure 2.1).
The significance of this research lies in 
recognizing that a liveable neighborhood 
is one where the built environment 
complements the social fabric, creating 
a harmonious and enriching experience 
for its residents (Pacione, 2013). By 
exploring the dynamics at both the micro 
level of individual experiences and social 
interactions, and the macro level of 
environmental climate conditions, this 
study aims to unveil the synergies that 
contribute to a holistic perception of 
liveability.

On one hand, the physical liveability 

of a neighborhood is equally critical 
in determining its liveability. This 
research will investigate thermal 
comfort model and its components 
(Koopmans et al., 2020). Acknowledging 
the interconnectedness between the 
natural and built environment, the aim 
is to uncover how the synergy of these 
elements contributes to a liveable 
environment.
On the other hand, the human-
scale social experience significantly 
shapes the character and vitality of a 
neighborhood. The quality of public 
spaces influence the well-being of 
individuals. Embracing an inclusive 
design perspective (Hanson, 2005), this 
research will also examine vulnerable 
groups to gain a better understanding of 
the neighborhood dynamics. An in-depth 
exploration of the intricate connections 
between individuals, the built 
environment, and the cultural nuances 
that define the social identity of a 

place is necessary. Therefore, social 
conditions, which are dependent 
on the mobility of people of the 
place (Pozoukidou, & Chatziyiannaki, 
2021; Kaufman, 2004), need to be 
investigated.
By adopting a methodological 
approach that bridges the human-
scale social experience and the 
environmental climate, this research 
aims to provide valuable insights for 
urban planners, policymakers, and 
designers for future neighborhood 
developments (see figure 2.2). The 
goal is to understand the intricacies of 
creating liveable neighborhoods that 
not only meet the functional needs 
of residents but also enrich their 
lives on a profound and meaningful 
level. As we navigate the challenges 
of urbanization and environmental 
sustainability, this research supports 

a more holistic and integrated approach 
to shaping the future of our cities.
This climate public space design 
research methodology draws on the 
expertise of both the master Geomatics 
and the master Urbanism. The Urbanism 
aspect of this research focuses on 
the principles of good design, such as 
implementing the design in a strategic 
order. To accomplish this, the research 
utilizes the PET model of Wageningen, 
which is made more publicly available 
by leveraging the knowledge from the 
Geomatics master.
Finally, the effectiveness of the design 
solution in mitigating heat-related issues 
will be validated by the PET model again 
(see figure 2.3).

Fig. 2.1 Thermal comfort to climate safety adapted Maslow 
Piramide (1943) by Author

Climate 

Built environment

Thermal comfort

Physiological

Preminairly 
site location

Thermal comfort model  (Hoppe et al, 
1987)

Public space environment

Inclusive design  vulnerable groups
(Martin et al, 2013)

Social spaces

Movement 
locations

Healthy city  (WHO, 2023)

liveability neighbourhood  Pacione (2013)

15 min city 
(Pozoukidou & 
Chatziyiannaki, 
2021) 
Motility as capital 
(Kaufman, 2004)

Fig 2.2 Conceptual framework made by author

Population growth in 
cities

Climate change

Health jeopardised

Drivers

Lack open design tool 

(static factors)

(dynamic factors) (individual factors)

Physical liveability Social liveability
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Analysing the built environment situation
Conclusion design

Geomatics generating PET with PET simula-
tor tool

Urbanism translating requirements to design

Future work

Maslow piramide & Gromule et al. piramide

Maslow’s theory of human motivation comprises five levels: 
biological needs, safety needs, love/belonging, esteem, and 
self-actualization. These levels can be categorized into basic 
physiological needs and self-actualization. As a result of climate 
change, increasing temperatures pose a threat to people’s safety 
which will influence the higher levels. Consequently, thermal 
comfort is poised to become a safety requirement and integral to 

the mobility hierarchy (Maslow, 1943), see figure 2.5.

Human thermal comfort

Human thermal comfort is influenced by three elements. 
The physical built environment. The dynamic climate and the 
physiological factors of individuals (Hoppe et al, 1987). More of 
this in the upcoming geomatics chapter. For the determination of 
vulnerable groups and the right urban environment to research 
this elements should be taken into account, see figure 2.6. 

Healthy cities

A healthy city prioritises investment in people and ensures 
access to shared goods and services for all. It considers multiple 
perspectives: prosperity, planet, place, participation and peace. 
It moves towards an asset-based approach, integrating health 
equity and sustainability into urban development and planning. 
The combination of environmental and social injustice, together 
with climate change, poses a significant threat to the health of 
cities and their citizens in the 21st century (WHO, 2023; Friel et al. 
2011; Hancock et al. 2015)(see figure 2.4).

2.2	 Theoretical framework

Fig. 2.4 retrieved 
from https://
www.uwe.ac.uk/
research/centres-
and-groups/who/
healthy-cities

Fig. 2.6 own scheme 
based on Hoppe et al. 
(1987)

Chapter 2 | Methodology Chapter 2 | Methodology

Fig 2.3. Relationship between Geomatics and Urbanism

Fig. 2.5 Maslows piramide, retrieved from Mcleod, 
S., PhD. (2024). Maslow’s hierarchy of needs. Sim-
ply Psychology. https://www.simplypsychology.
org/maslow.html
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Inclusive cities 

To cater to the needs of all social demographics, Lawton 
(1974) examined how the design of the built environment may 
restrict options for older individuals, introducing the concept 
of ‘environmental pressure’ to illustrate the negative effects 
of poorly designed spaces on people’s lives. Improving the 
physical environment for them can achieve improvements for all.  
Recognizing equity as complementary to environmental justice 
can help reconcile conflicts between social and environmental 
priorities (Martin et al., 2013), see figure 2.7.

15 Minute city concept

The neighbourhood unit is the fundamental point of the urban 
system. Clarence Petty introduced in 1920 the hierarchical system 
of urban amenities, beginning with the neighborhood unit, which 
comprised larger subdivisions that collectively formed the city. 
The concept emphasizes having key accessible functions within 
the city, including parks, schools, and other local amenities within 
a 15-minute distance. The three primary pillars underlying this 
concept are security, integration, and health, fostering a lasting 
sense of ownership and connection to the space (Pozoukidou, G., 
& Chatziyiannaki, Z., 2021), see figure 2.8.

Motility: mobility as capital

Fig. 2.9 A five-dimensional structure for quality of life research (fig. 1, Pacione, 2013)

Chapter 2 | Methodology Chapter 2 | Methodology

The concept of mobility can be divided into two different 
categories: spatial mobility and social mobility.
Spatial mobility refers the movement can influence the origin, 
transit, or destination of these entities, and can also lead to 
changes in their status.
Social mobility, expresses the social structure in the city. Where 
do people want to go. The collective social mobility over time is 
commonly referred to as social change.
Motility encompasses both spatial and social mobility, and 
motility refers to the interdependence between access to 
mobility, the ability to recognize and use it, and the appropriation 
of a particular choice (Kaufman, 2004).

Urban well being and liveability 

Research into the relationship between people and their urban 
environment plays a central role in the growing interest in quality 
of life. Urban environmental quality and liveability are measured  
on both objective and subjective dimensions. Understanding the 
interplay between individuals and their surroundings is a common 
focus. It must be considered that scale, social demographics, 
composition, and theories do have an urban impact, see figure 
2.9. For this research liveability is taken into account as physical 
liveability as the surroundings and the social liveability as the 
way people can in objective terms on the neighbourhood level of 
Bospolder Tussendijken with its own demographic (Pacione, 2013).

Safety	 	

	
Inclusion			

He
al

th Place

Fig. 2.8 Own scheme 
based on Po-
zoukidou, G., & 
Chatziyiannaki, 
Z.,2021).

Fig. 2.7 Inclusivity 
ladder, design for 
the most vulnerable 
in order to meet 
the requirements 
of the rest (Hanson, 
2005, page 19)
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2.3 Research questions

Main research question
“How can a strategy be developed for mitigating heat stress through 
the Physiological Equivalent Temperature model while ensuring a 
livable environment for vulnerable groups in Bospolder Tussendijken, 
Rotterdam, the Netherlands”

Sub research questions
SRQ 1. What are the liveability conditions?

This sets the conditions in which the end the design has to approve to. A destinction is 
made into climate environmental liveability and social liveability which has a main focus on 
the pedestrain mobility of citizens in the neighbourhood. Also this also give hints towards 
the toolbox solutions stated in chapter Interventions. 

SRQ 2. What is the current state of liveability in Bospolder Tussendijken?

With mapping and modelling of the PET, and its contributing factors, the current liveability 
will be made visible. Eventually a SWOT will be produced to showcase the strenghts, 
weaknesses, opportunities and threats to the current environment. 

SRQ 3. How could the current climate liveability be improved 

This will be adressed through the creation of a vision map, scenario building of the 
liveability interpretation of climate environmental liveability and social liveability. The 
literature review of possible mitigation measures result in the toolbox and their choose of 
rearrangement decision making. 

SRQ 4. How could the interventions be evaluated?

Liveability conditions assess both climatic and social liveability. Geomatics helps to assess 
the effectiveness of design interventions by modelling the new Physiological Equivalent 
Temperature (PET) and highlighting variations in PET to measure the impact of these 
interventions. In addition, by illustrating the cumulative temperature experienced by 
elderly citizens and the resulting expansion of service areas due to design interventions.

The urban design research will follow 
a structured approach with stages 
including methodology, conceptual 
framework, analysis, intervention, 
testing, and design. The analysis phase 
will utilize the conceptual framework 
to consider environmental and social 
quality in public space design, focusing 
on vulnerable groups. Techniques 
such as mapping, photography, 
and literature review will be used 
for comprehensive analysis. The 
intervention phase will use the pattern 
language approach and scenario 
planning, rigorously tested for optimal 
results. The final design phase involves 
implementing design interventions and 
conducting stakeholder analysis.

The geomatics aspect will focus on 
establishing reproducibility guidelines for 
the PET model, followed by developing 
the PET code and making it publicly 
available. Additionally, the accessibility 
of the public space network for different 
vulnerable user groups will be assessed. 
Overview of the reports are illustrated in 
figure 2.11 and figure 2.10. 

Fig 2.10. a) Technical geomatics report & b) spatial urbanism report

2.4          Structure of the reports

Chapter 2 | Methodology Chapter 2 | Methodology
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2.5 Methodological framework

Chapter 2 | Methodology Chapter 2 | Methodology

Physical liveability
Thermal conditions

- Built environment[static]
- Climate [dynamic]
- Physiological [specific group]

Social liveability

- Spatial mobility
- Social mobility

Political / economic condi-
tions

- current policies and devel-
opments

What are the liveability environment conditions?

PR
O

BL
EM

ST
AT

EM
EN

T

population growth
in cities

lack open design tool for 
neighbourhood design

health jeopardised 

What is the current liveability state of Bospolder Tussendijken?

Context specific

How could the liveability state be improved?

Stay location: market square 
Visserijplein

Movement location: 
Schiedamseweg, Rosenier Faasen-
straat, Schipperstraat

D
ES

IG
N

 
IN

TE
RV

EN
TI

O
N
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Fig 2.11 Methodological framework created by Author

	 Literature study
Through theoretical knowledge lessons can be learned. Also 
lessons could be learned from reference projects, this is empirical 
knowledge. 

	 Expert consultation 
WUR, Gemeente Rotterdam, Witteveen en Bos.
Through conversations of experts in the field, lessons can be learned 
and implemented. 

	 Modelling urban environment
To  quantify  current  heat stress areas and testing design 
interventions for their effectivity. This research enables to join 
design and design disciplines, modelling provides an engineering 
backing to proposed interventions. The PET model was already set 
up by Koopmans et al. (2020) but was not suitable for reproducibility 
yet and will be expanded in this thesis. In the analysis it will identify 
the vulnerable spaces.

	 Observation of public spaces
The qualitative perspective of a public space 

	 Mapping
The geographical outline of the city is visualised by creating maps. 
Varying through the scales to see the urban morphology effects 
on human health. For the quantifying method of measuring specific 
values by using grid data on spatial data the method of creating 
maps such as Van der Hoeven & Wandl (2015).

	 Design principles
With some variables the design principles will be created to 
showcase different implications of design decisions.

	 Creating scenario’s
To identify possible paths for the development of the city as a basis 
for interventions.

	 Sketching
Sketching can improve the research by design proces.

2.6            Research methods
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Figure 2.11 showchases the methodological framework is elaborated. 
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Fig 3.1 Thesis planning
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‘ ‘ C h a p t e r  4  L i v e a b i l i t y  d e s i g n  g u i d e l i n e s       	
   	
	 1.       Thermal comfort Physiological factors
	 2.      Physical liveability Climate and Built environment factors
	 3.	 Social liveability
	 4.	 Liveability conditions

Fig 4.0. Mathenesseweg, Tussendijken. Picture taken by Author



Elderly

Elderly individuals often experience a 
decline in thermoregulation efficiency 
due to factors such as diminished heat 
release, reduced sensory receptors, 
age-related skin changes, and decreased 
body water content. This can lead to 
challenges in temperature perception 
and increased risk of dehydration. 
Experimental conditions show 
limitations in thermoregulation from age 
40, and epidemiological studies link it 
to a higher risk of heat-related illnesses 
from age 65 onwards. External measures 
are often necessary to maintain stable 
core body temperature in older adults 
(Sanders, 1996; Kenny, 2010; WHO, 2023; 
Hall et al., 2021; GGD). Especially on days 
with an atmospheric temperature of 25 
degrees and higher, there is a higher 
correlation with mortality rates (Bhatia, 
1997).

(Young) children 

Children, especially newborns and 

(Lenzholzer, 2018). These combinations 
lead to higher mortality rates with heat 
extreme like the occurrence of a summer 
day of 25 degrees (Daanen, 2023). This is a 
serious issue for the future to come if the 
amount of summer days will potentially 
be doubled in 2050 and increase in 2085 
(see Fig. 4.6). Vulnerable groups are elderly, 
young children, people with obesity and 
vascular diseases (see figure 4.2). 

60

(Cd) denotes the transmission of heat 
between materials in direct contact. 
Heat dissipation occurs through sweat 
evaporation and respiration, whereby 
exhaled air tends to be warmer and 
more humid compared to inhaled air (E). 
See the formula and figure 4.1.

Changes in weather conditions impact 
the thermal balance. Increased net 
radiation typically leads to greater heat 
retention, whereas heat dissipation can 
be facilitated through perspiration or 
exposure to wind (Matzarakis, 2008; 
Hoppe, 1999). Several thermal indices 
have been developed to assess thermal 
comfort.

Next to this, it has to be said that 
the lack of adaptability response of 
the human body to a heatwave is 
an indicator of the mortality rates 
of people (see figure 4.3 and 4.4). 
Physiological factors like heart rate 
will take some days to adapt to a 
warmer environment. Another aspect is 
that people can dress more for colder 
situations in contrast to hotter days 

Thermal comfort

Humans are homeothermic beings, 
maintaining a stable body temperature 
of 36.1 to 37.8 degrees Celsius. This range 
is crucial for optimal bodily functions, 
including blood flow, oxygen release, and 
enzyme production. Humans can generate 
internal heat through muscle contractions 
and exchange heat with their surroundings 
through various means. Thermoregulation 
involves physiological and behavioral 
responses to heat (Campbell, 2018: GGD, 
2023). Thermoregulation could be divided 
in physiological responses to heat and 
behavioural responses. 

Physiological responses

Metabolic rate (M) denotes the pace at 
which the body produces internal heat. 
While at rest, the average metabolic rate 
typically stands at 70 W; however, during 
intense physical activity, it can escalate 
to 700 W. Net radiation (R) signifies 
the equilibrium between the radiation 
absorbed and emitted by the body. Mean 
radiant temperature (MRT) characterizes 
the radiation field. Convection (Cv) is the 
heat loss through the movement of air, 
which is bolstered by wind. Conduction 

4.1 Physical liveability: ther-
mal comfort

Fig 4.1. reproduced from Fiala (2012) fig 1

Chapter 4 | Liveability conditionsChapter 4 | Liveability conditions

Fig. 4.2 target groups in this research (Young Children, from the year of 40 and above and elderly 
65+) created by Author.

Fig. 4.3 Time course of acclamation of differ-
ent physiological processes (Periard, 2015)



62 63

infants, are at high risk of heat-related 
illness due to their slower temperature 
regulation and higher metabolic rates. 
Young children need adult care to prevent 
heatstroke. According to Unicef (2023), 
very young children are more susceptible 
to heat-related illness. The target group 
for CBS resources is young people, mostly 
aged 25 or younger.

Behavioural changes

are seeking for shelter in a colder climate 
instead of staying in a warmer climate. 
This could be by walking in the shade as 
searching for cool environments. 

Personal factors do influence the 
physiological and behavioural changes. 
Age, gender, lifestyle, social group and 
metabolic rate are personal factors in the 
performance of the thermoregulation of 
the body (Calvin, 2012). 

Some risk groups are spotted (GGD, nd). 
These are elderly, young childeren, people 
with vascular diseases and obesity. Due 
to the privacy conditions of people with 
underlying hyperthermia conditions, 

Fig 4.4. Mortality rate after a summer 
day (25 degrees or higher) derived 
from (Daanen, 2023) 
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Design principles climate 
liveability: physiological factors

Human thermoregulation depends on the 
physiological responses and behavioural 
responses. The physiological response 
depends on the energy balance of thermal 
storage. People absorb heat due to long 
wave and short wave radiance and is the 
determing factor. Next to this evaporation 
due to wind is very effective. 

The most heatgain is through short wave 
radiance and the most heat loss will be 
due to wind evaporation.
Climatological requirement is that the 
humidity plays a role as well. 

Also the vulnerable groups exposed to 
heat are (young) childeren, elderly, people 
with obesity and people with vascular 
diseases. Due to privacy health reasons, 
only young and elderly people will be 
taken into account. These groups have 
either a growth in development or decline 
in body functioning. Elderly do have less 
responses of their environment of being 
overheated. The immediate health effects 

are available in literature but not 
directly linked to the built environment 
requirements. They should be have 
thermal accessibility to the places they 
still want to go to [G1].
Behavioural changes are clothes or 
options to stay out of the sun or adding 
environmental cooling elments in the 
public space could help cool down 
the citizens. This can help the heat 
conscience. 

For the health of citizens it is important 
to look at a change of when a heatwave 
temperature will start. This will be 25 °C 
or higher. It is important to compare this 
with an average summer day of 20 °C.  
Also because this will most likely will 
occur more in the future see Fig. 4.5 [G1]. 

2014

77

2050 2085

21

Days above 20C 
degrees

Days above 25C 
degrees

Fig 4.5. KNMI climate scenario’s and predictability of amount of warm days and sum-
mer days adapted from KNMI (2015)
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people with vascular diseases and 
obesity are left out of this research. This 
research will focus merely on children 
under 25 years and elderly above 65 
years (GGD, 2023). 
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4.2 Physical liveability: Climate  

The mapping of days with atmospheric 
temperature involves comparing an average 
warm day with a summer day. Specifically, the 
analysis focuses on two dates: the 1st of July 
2015, which was a summer day, and the 29th 
of June 2015, which was an average warm day. 
It was observed that 2023 has multiple hot 
summer days in comparison to 2015.

Wind rose 1st of July

Fig. 4.6 from KNMI hourly data. Adapted by Author 

Wind rose 29th of June
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4.2 Physical liveability: Climate and Built environment 

Fig. 4.7 a) day situation and influence on urban environment. b) night or shad-
ow situation. Adapted from Marjolein van Esch and Koopmans et al. (2020) 
created by Author. 
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on the Earth’s surface. Solar radiation 
can also be scattered by dust particles in 
the atmosphere and reflected by various 
surfaces. When the Earth’s surface or 
materials absorb this shortwave radiation, 
it is later emitted as longwave heat 
radiation, with variations depending on 
the type of material, such as asphalt or 
greenery. 

A.	 Direct shortwave radiation: 

Shadows greatly affect the incoming 
radiation, depending on the characteristics 
of the objects casting those shadows. 
Buildings and other solid structures cast 
deep shadows, while transparent objects 
and trees provide varying degrees of 
shade. The altitude angle of solar rays 
also influences the intensity of incoming 
radiation, varying by location and time of 
year. For instance, on June 21st, the longest 
day, the sun takes a higher path and its 
rays have a longer duration.

B.	 Albedo, emissivity, thermal 
conductivity
 
Albedo relates to how much solar radiation 
a surface reflects. Next up emissivity 
relates to how efficiently a surface emits 
thermal radiation. Following up, thermal 
conductivity relates to how well a material 
conducts heat. 

2. Wind in the urban 
environment 
The movement of the wind is primarily 
caused by differences in temperature. 
Warm air typically rises, while cooler, 
denser air remains closer to the Earth’s 
surface. Large-scale systems consider the 
direction and strength of the wind when 
predicting weather forecasts. 

Throughout the day, landmasses and 
bodies of water experience varying 
temperature changes. Water generally 
takes a longer time to heat up than land, 
resulting in different airflow patterns. For 

instance, stronger winds may occur 
between densely populated city centers 
and large, open parks with cooler 
temperatures, while gentle breezes 
may happen between small parks and 
sparsely built residential areas. Allowing 
cool breezes to pass through can help 
ventilate warm areas within a city.

The roughness of the Earth’s surface, 
also known as roughness length (z0), 
affects wind patterns around cities on 
a large scale. Land surfaces are more 
rugged due to plants and topographical 
features, while water surfaces tend to 
be relatively smooth. Cities, with their 
tall buildings and vegetation, act as 
obstacles that force the wind to flow 
around them. A city with many tall 
buildings presents a more significant 
obstacle than one with numerous low-
rise structures.

On a smaller scale, distinct wind 
patterns emerge when buildings are 
clustered together due to flows around 
individual buildings’ interactions. The 
building’s geometry affects the flow 
pattern within its influence area. When 
a structure is thin and tall, most of the 
air passes through it sideways. If the 
building is tall and wide, the frontal 
cortex, downwash, and recirculation 
area are mentionable. A low and 
broad structure will have the most air 
travelling over it.

In urban canyons, three flow patterns 
can be distinguished, correlated to the 
wind direction at roof height: parallel, 
perpendicular, or at an angle to the 
canyon axis. The proportions of open 
spaces, such as streets and squares, 
significantly influence wind patterns, 
particularly the ratio between building 
height (H) and the width (W) of the 
spaces between buildings.

When the height-to-width ratios (h/w) 
fall within the range of 0.3 to 0.7, wake 
interference flow patterns are observed. 
For h/w ratios of 0.3 or smaller, buildings 
are far enough apart that the wind can 

Factors that determine the urban climate 
The urban climate is influenced by both 
dynamic and static factors. The dynamic 
weather factors vary from day to day, 
season to season and year to year. In 
addition, static factors such as the 
morphology of the urban environment 
influence the urban climate. Therefore, it 
is important for designers and planners 
to consider the fundamental processes of 
urban climate and to design with specific 
locations and their temporary climatic 
variations in mind (Lenzholzer, 2018). 
In order to understand the relationship 
between the physical urban structure 
and meteorological factors, several 
elements come into play. The elements 

related to heat include (1) radiation 
such as (shortwave and longwave), 
(2) air temperature, and (3) wind in 
the urban environment. The factors 
influence the built environment at 
different scales and are determining 
the influence of the urban designer on 
the implementation on the urban fabric. 
Next up some mitigating measures are 
named (Marjolein van Esch, 2015) see 
figures 4.7 and 4.9 . 

1. Radiation and heat

Radiation is fundamental to all thermal 
processes on Earth. This radiation comes 
from the Sun and reaches the Earth’s 
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almost return to its initial flow pattern and 
speed. This specific pattern is referred to 
as isolated roughness flow (Lenzholzer, 
2018). 

Street grids oriented in alignment with 
the dominant wind direction will feature 
perpendicular-facing streets (and other 
open areas) that offer a significant 
degree of shelter. Parallel-facing grids 
will experience higher wind speeds. 
Additionally, such grids may facilitate 
crosswise airflows in streets that intersect 
the wind direction, potentially leading to 
discomfort. On the other hand, grids set at 
oblique angles to the wind direction will 
result in a more uniform and consistent 
wind pattern. Square and relatively small 
enclosed spaces, such as courtyards and 
squares, offer the most shelter, as corner 
streams, frontal vortices, and transverse 
flows are prevented (Marjolein van Esch, 
2015; Lenzholzer, 2018; Ilmer BWTinfo, nd)

3. Temperature

In densely built areas, this longwave 
radiation tends to be trapped as it bounces 
between buildings and a lack of open 
soil surfaces, water and plants. Therefore 
the heat phenomenon is therefore called 
the urban heat island effects. This is also 
related to the ratio of building height to 
street width (Marjolein van Esch, 2015).
The radiation is mostly received and stored 
during the day, and released as longwave 
radiation at night. 

Design principles mitigating 
heat in the public space level

4. Material surface properties

Reflection, absorption and re-emission 
of solar radiation. The amount of 
heat stored by a material exposed to 
radiation (direct, indirect or diffuse) 
is highly dependent on the thermal 
admittance and albedo of that material 
(Potz, 2016). Also influencing the albedo, 
emissivity and thermal conductivity.

5. Landscaping elements: water 
and vegetation

Vegetation impacts the microclimate 
not just through shading but also via 
evapotranspiration. Evapotranspiration 
encompasses the total process of water 
evaporation, including water that is 
intercepted by vegetation, soil, paved 
or building surfaces, as well as the 
evaporation of water from the soil and 
the transpiration by vegetation. The 
joint influence of evapotranspiration and 
shading results in reduced daytime air 
temperatures during the summer (Potz, 
2016).

Scale dependence 

By mentioning the climatic factors 
that contribute to the heat experience 

Fig. 4.8 a) Skimming flow, b) wake interference flow and c) isolated roughness flow Adapted from Lenzhol-
zer (2018)
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in urban environments, Marjolein 
van Esch (2015) relates the layered 
approach of Meyer & de Jong, Hoekstra 
(2012) to the influence of urban 
designers on heat mitigation in public 
spaces. It is stated that the long-term 
and higher scales are less changeable 
than the spatial functional organisation 
and the urban plan with the street 
pattern and street orientation. The 
public space is dependent on its 
closely related scales such as the 
urban plan and the architecture of 
the dwellings. For the preferred 
public space design and public space 
network, variations could be sought 
in changing the street profile while 
looking at the current orientation of 

the streets. As well as paving and landscaping. 
It is important to note that for solar radiation, 
wind and evaporation as a whole, it is helpful 
if they are implemented in a continous manner 
to reach higher scale of heat mitigation [G1] 
Next to this in order to make it a durable 
climate mitigation measures there needs 
to be looked into the permanence of the 
mitigating measures of the structures whereas 
it be greenery benefiting all year round or 
the ownership requirements for apply the 
mitigating structures in the network [G2]. 

Fig. 4.9 Built environment scale dependencies of urban design principles for heat mitigation elements 
based on the main thermal comfort influences. Adapted from Marjolein van Esch  and layer approach 
by Heeling Meyer & Westrik. Reprinted from Heeling et al. (2002). De kern van de stedebouw in het per-
spectief van de eenentwintigste eeuw. Dl. 1. Het ontwerp van de stadsplattegrond door Jan Heeling, Han 
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4.3 Social liveability

Simple local rules, motivations and goals 
create complex self-organising global 
behaviour. Friedman and Massey point 
out that neighbourhoods are the places 
where complex social relations and 
interactions can be publicly acknowledged 
and transform our learning about places 
(Friedman, 2008; Massey, 2005). Redefining 
neighbourhoods as carriers of social 
data, spaces of social production and 
reproduction [G4 +G5]. 

Social Mobility: Social places

Social mobility, refers to the changes in 
resources or social standing of individuals, 
families, or groups within a given social 
structure or network. Therefore it is 
important to look at the places were the 
interchange of social gatherings take place. 

Julienne Hanson’s concept of flexibility of 
daily needs and appropriateness is crucial 
for creating inclusive urban environments 
(2005). This involves providing varying 
degrees of public and private space 
throughout the day and over people’s 
lifetimes, which should be continuously 
adjusted by residents and visitors. Giving 
residents some control over spatial 
structure, including a mix of land uses that 
promote continuous space utilization at 
different times of the day, is recommended 
for optimal city performance (Gehl, 2011), 
aligning with citizen-centered planning 
principles and recognizing public space as 
a common good.

Designing public spaces to accommodate 
diverse needs is essential for building 
the social capital of citizens (Gehl, 2011; 
Kaufman, 2004). Considering factors 
like environmental quality and mobility 
becomes pivotal, especially for vulnerable 
groups. Elderly individuals require natural, 
visually pleasing, legible, and diverse 
landscape elements, along with accessible 
and well-maintained infrastructure and 
amenities. Moreover, the significance of 
these preferences may be influenced by 

the interactions between individuals and 
their natural surroundings (Wen, 2018).

Identifying social need locations for 
vulnerable groups, such as the elderly 
and children, is crucial. For instance, in 
the Netherlands, the CVTO (2018) found 
that weekly markets are frequented by 
elderly individuals throughout the day, 
while parks and schoolyards are popular 
destinations for children, especially 
during school days and play hours [G5]. 
Overview of the occupation hours are 
visible in figure 4.10. 
 
Spatial mobility: Movement 
places

Mentioning spatial mobility as a 
geographical displacement through 
the public space network. The mobility 
of slow traffic must therefore be 
considered, promoting accessibility, 
physical health, and community 
engagement at a pedestrian-friendly 
level. The 15-minute city concept 
emphasizes walkability as a requirement 
(Pozoukidou & Chatziyiannaki, 2021).

Since we are looking at inclusive 
design we are looking at the qualities 
of pedestrain traffic within the 
neighbourhood in contrast to fast traffic 
like cars. Whilst most of the trips are 
taken within 2.5km (Lucas, 2008) it is 
essential to focus on slow mobility like 
walking. This should fit in the 15 min 
approach of reaching your amenities in 
one kilometer radius. 
Speed of movement reduced from 60 
to 6 km/h will increase the number 
of people on the street. For elderly 
walkability measures are wide troittors 
for the slower pacements. They tend to 
walk 500m in 15min instead of 1000m 
because of their declined pace [G1]. 
They want to have safe crossings. More 
inmobile persons would like to have 
seatings of 200m distance (Molster, 
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Fig. 4.10 Leisure activities and their demographic groups. Retrieved from CVTO 2018 vri-
jetijdsbestedingsonderzoek Nederland https://www.provincie-utrecht.nl/sites/default/
files/2020-07/CVTO%20Basisrapport%20weekmetingen%202018%20-%20Utrecht.pdf

Investigating urban well-being and 
liveability involves delving into 
the nuanced connection between 
individuals and their daily urban 
surroundings (Maslow, 1943). This 
inquiry is fundamental to social 
geography, highlighting that the 
quality of urban environments and 
liveability are subjective concepts 
influenced by various factors such 
as location, time, scale of living 
space, and the particular social 
group in question. Quality, within 
this framework, is perceived as a 
function of behavior stemming from 
the interplay between environmental 
attributes and individual 
characteristics (Pacione, 2013). 

Neighbhourhood unit

For the social performance of 
liveability in the neighbourhood - the 
current socio-demographic context  
must be revealed (Pacione, 2013; 
WHO, 2023). 
This research adopts the 15-minute 
city to consider the neighbourhood 
unit. Historically, the successes 
and failures in creating ideal cities 
suggest that neighbourhoods should 
be the spatial context in which 
residents meet their basic needs, 
interact and communicate with each 
other (Smith, 2020).  
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4.4 Liveability conditions

Physical liveability

These external physical stimuli are 
determined by the built environment 
and the climate fluctuations. Concluded 
from research, the influence of the built 
environment has scale dependencies in 
mitigating heat possibilities. Therefore 
it is important to note that mitigation 
measures should be taken in a continuous 
manner for the best performance. Wind 
which has a great influence on mitigating 
heat in the city couldn’t be modelled with 
such accuracy due to the roughness layer 
approximation of the Macdonald method 
(Macdonald et al., 1998). This is also 
seen by the wind computation method 
used for calculating the Physiological 
Equivalent Temperature as well. For health 
considerations it is important to qualify a 
day above 20 degrees and 25 degrees.

For designing the public space in cities you 
are dependent on the spatial functional 
situation as well as on the city structure as 
on the smaller scale of architecture. This 
research focuses on public space design 
and takes into account orientation of 
streets, height width ratio of streets and 
the architecture. 

For heat mitigation measures it helps 
the best if they are on a higher level 
mitigating measures are possible like on 
the level of city or spatial organisation. 
Due to the unlikelihood of changing 
these long term formed urban fabric 
these are taken as static given factors. 
Also as mentioned before that it is 
important to is that the durability of the 
design interventions should be tested 
whetether it is on ownership or long 
term feasability. 

Social liveability

The conclusion was that due to 
physiological factors the vulnerable 
groups are elderly, children, people with 
vascular diseases and obesity. This is due 
to their declined or underperformance 
of temperature regulation in the 
body. For the scope of this research 
elderly and childeren are the target 
groups for the research. There seems 
to be a correlation between health 
issues with 25 celsius degrees which 
is called a summer day, in comparison 
to the average 20 celsius degrees. 
The air temperature, wind, humidity 
and influence of long and shortwave 
radiation determine to a large extent 

the sensation of heat, this differentiates 
through the day due to the orientation 
of the sun in relation to the static built 
environment. 
Because of the focus on spatial mobility 
and social mobility the locations to 
transform will include movement locations 
like streets and public space as stay 
locations for elderly and children. 

Assesment 

In order to evaluate the current liveability 
the previously literature is used as the 
framework how to asses the liveability 
requirements. The geomatics part focused 
on the assessment of the improvement of 

these liveability main goals, see figure 
4.11. 

Fig. 4.11 Design goals and ways to evaluate the state of liveability
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Fig 5.1. Mathenesseweg, Tussendijken. Picture taken by Author
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according to the original plan. 
 
The contemporary M4H area, consisting of 
the Merwehavens, Keilehavens Lekhaven 
and Ijselhaven, has provided the city 
with a new labour market. However, 
Rotterdam’s city centre was bombed in 
1940 and Tussendijken was mistakenly 
bombed by the Allies in 1943, leading to a 
major reorganisation of the city. Inspired 
by the CIAM conferences, Witteveen and 
de Jongh implemented the ‘Basisplan’, 
which replaced building blocks with 
a rectangular composition of streets 

framing neighbourhoods and separating 
functions, with most functions planned 
for the city centre and adjacent 
neighbourhoods (Palmboom, 1995).
De Jongh established a hierarchy of four 
types of street, with the Heemraadsingel 
being the first, followed by the 40m 
wide Mathenesserlaan, middle-class 
streets such as Hooidrift at around 
25m, and the smallest streets, designed 
for dock workers, which were 11-15m 
wide. Gijzingsflats were also built in 
Tussendijken. In the field of mobility, 
there was a change from horse-drawn 

elevation in which individual dwellings 
were subordinated to the unity of the 
streetscape, a point emphasised by 
the increasingly sculptural treatment 
of corners. In the wake of the housing 
market crisis, public spaces were built 

History of Bospolder Tussendijken

Rotterdam, a city in the Netherlands, has 
a natural landscape that was originally 
characterised by both natural and man-
made features (see figure 5.2). Polders 
were created to manage the freshwater 
uplands, while dikes were built to protect 
the city from flooding. The historic 
Delfshaven area served as a trading 
centre along the Maas River around 
1500. As the area urbanised, housing 
regulations were introduced to improve 
the living conditions of the inhabitants. 
A.C. Burgdorfer established Bospolder in 
1910, which provided a significant amount 
of social housing. However, his preferred 
monumental plan was hampered by the 
existing street plan, the historic Delfshaven 
and the harbour railway line to the west, 
resulting in a lack of public space, with the 
exception of Bospolderplein. 
 
In contrast, Spangen and Tussendijken 
were designed with a monumental axis and 
a series of urban spaces, including sports 
grounds, a market square (Visserijplein) 
and a garden. J.P. Oud included blocks of 
social housing with gardens, the various 
blocks demonstrating Oud’s development 
towards an anonymous, taut street 

5.1 Context
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Fig 5.2 Time line Bospolder Tussendijken (Adapted from Veldacademie, 2020; Palmboom, 1995; Spek, 1986)



78 79

trams to electric trams, and a metro was 
dug, marking the underground division 
under the Bospolder and Tussendijken 
streets. In addition, the Migration Act was 
approved for additional labour activity in 
Rotterdam, with two significant waves 
of Moroccan and Turkish workers. The 
forthcoming law on family reunification 
made it possible to house this new 
population permanently. 
 
Urban renewal took place in 1970, and 
Park 1943 was created after the bombing 
to provide additional green space. In the 
following decades, however, Bospolder 
and Tussendijken became one of the 
most deprived areas in the Netherlands. 
With the development of Maashaven I 
and II, port activities moved towards the 
sea entrance of the port, transforming 
the adjacent port activities. In 1986 the 
metro was prolonged to Marconiplein 
underneath Schiedamseweg (Spek, 1986). 
Since 2004, the M4H developments have 
taken place, with projects like the Le Medi 
social housing project and Dakpark. The 
Dakpark is a unit of the greening project 
of Rotterdam see Fig. 5.4. Despite the 
degraded state of the neighbourhood, 
several neighbourhood initiatives have 
been established to promote links 
between residents (Veldacademie, 2020). 

Fig. 5.3 Corona kronieken in Bospolder Tussendijken (BOTU) retrieved from Veldacademie with Studio Studio NadiaNena (2021) retrieved from https://
www.veldacademie.nl/nieuws/2021/09/gemeenschapsveerkracht-in-rotterdamse-wijken-tijdens-de-coronacrisis
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80 81Fig. 5.4 Bospolder Tussendijken in their Rotterdam Context. Urban Nature map 
Rotterdam (Collaboration Deltametropool, Lola landscape architects, 2018)
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The peripheral regions of Bospolder and 
Tussendijken are becoming increasingly 
attractive due to their strategic location 
near the city centre for new urban 
development projects. Due to the  
accessibility to public transportation, and 
proximity to major roads, making them 
a popular choice for highly educated 
and affluent individuals and families. 
Areas such as Le Medi, Mathenesserdijk, 
and Mathenesserweg have already 
seen an influx of promising families. The 
introduction of new developments such 
as the Hudsons, Lee Towers, and the 
structures at the beginning and end of the 
Dakpark is expected to further drive this 
trend.

In contrast, the inner regions of the area 
are still struggling with a high level of 
vulnerability, particularly in residential 
areas. For example, over 60% of the 
available housing in Tussendijken consists 
of social rental properties within the lower 
income bracket and have a WOZ of 150.000 
(figure 5.8 and 5.12). Despite ongoing urban 

Current social status

Fig 5.5 WOZ waarden dwellings Bospolder Tussendijken 
retrieved from Kadaster (2022)

Fig 5.6 Ethical background (Allecijfers, 2024) Fig 5.7 Liveability measured by safety, 
physical index and social index (2022) (re-
trieved from Gemeente Rotterdam, 2022). 
The classification is based on the objective 
measurments and the subjective experience 
of citizensnative		  non-western		  western

renewal efforts, Bospolder still features 
several neighbourhoods with outdated 
housing options. Almost three-quarters 
of households in the BoTu area fall 
within the low-income bracket.

The physical index has slightly increased 
for Tussendijken, while it has remained 
unchanged for Bospolder. Interestingly, 
the overall perception of living in both 
neighbourhoods has declined. Despite 
that there are good amenities available, 
residents express dissatisfaction with 
their living conditions, including their 
homes and outdoor spaces (see figure 
5.11, 5.8 and 5.7 ). Street clutter and trash 
near containers are significant sources 
of annoyance, along with aggressive and 
antisocial driving behavior (Gemeente 
Rotterdam, 2019).

Fig. 5.8 appartement and ground floor apartement inspired from Funda Mathenesserdijk
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70m260m2

Tussendijken liveability profile Bospolder liveability profile

Objective Objective

General

Physical 
index

Social 
index

Safety 
index

Physical 
index

Social 
index

Safety 
index

General

Subjective Subjective

Chapter 5 | Current climate liveability of Bospolder Tussendijken| Chapter 5 | Current climate liveability of Bospolder Tussendijken | 



84 85
Fig. 5.9 accessibility play yards 
(created by author)

Fig. 5.10 Flat roof buildings
(retrieved from https://www.
nationaalgeoregister.nl/geonet-
work/srv/dut/catalog.search#/
map)

Fig. 5.11 Energy labels buildings 
(retrieved from https://www.
nationaalgeoregister.nl/geonet-
work/srv/dut/catalog.search#/
map) 

Fig. 5.12 Ownership
(retrieved from veldacademie 
2018)
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5.2 Physical liveability
Built environment
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The orientation of streets and their Height-
Width ratio are factors at the city scale 
that affect the thermal quality of public 
spaces in terms of solar radiation. Research 
indicates that streets with a west-east and 
northeast-southwest orientation receive 
longer exposure to the sun. However, for 
other streets, there is the option to choose 
a side that has shade for a longer period. 
The next image illustrates how the option 
of streets can be optimized to increase 
the H/W ratio. The color yellow represents 
interventions at the street level.

Fig. 5.14 solar exposure on street type H/W ratio and orientation from Lenzholzer (page 86)

Fig. 5.15 Intervention conclusion

Built environment: Orientation and height width of 
the streets

0 250 500 1000m
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Fig. 5.13 H/W ratio and orientation for Bospolder Tussendijken (created by Author and SQL queries)
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PET 9:00 PET 12:00 PET 15:00Thermal comfort: PET in Bospolder 
Tussendijken

Legend
PET classification

	

29st of June
(warm day > 20C)

1st of July
(summer day > 25C)

PET 18:00

slightly cold stress
no thermal stress
slight heat stress
moderate heat stress
strong heat stress
extreme heat stress

13-18
18-21
23-29
29-35
35-41
>41

0 250 500 1000m

The following images show the generated 
PET images of Bospolder Tussendijken by 
using the PET simulator tool. This show-
cases the warm day and the summer day 
differences. 
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Fig. 5.16 PET on a warm day and a summer day. Created by PETs simulator tool
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PET 9:00 PET 12:00 PET 15:00

Thermal accessibility market

29st of June

1st of July

PET 18:00

Legend

0 250 500 1000m

These images are generated by using the 
normalised friction costs of the PET maps 
on specific times of the day and used by 
the r.walk.cumsum tool by Grass. It can be 
seen that the thermal comfort range of 
the market is really degrading in service 
area. 
(these maps could be improved in 
readability with Appendix G)
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Fig. 5.17 Thermal accesibility of the Visserijplein. Created by PETs simulator tool and R.walk from Grass 
plugin in QGIS 

Legend

   

500m
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PET 9:00 PET 12:00 PET 15:00
Thermal accessibility playgrounds

29st of June

1st of July

PET 18:00

Legend

   

0 250 500 1000m

These images are generated by using the 
normalised friction costs of the PET maps 
on specific times of the day and used by 
the r.walk.cumsum tool by Grass. It can be  
concluded that the amount of playyards 
are sufficient enough to be reached on 
each time of the day. Only on the summer 
day at 12 and 15 o’clock some unreached 
areas are detected. 
(these maps could be improved in 
readability with Appendix G)
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Fig. 5.18 Thermal accesibility of the school yards. Created by PETs simulator tool and R.walk from Grass 
plugin in QGIS 

200m
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PET 9:00 PET 12:00 PET 15:00
Thermal accessibility parks

29st of June

1st of July

PET 18:00

Legend

0 250 500 1000m

These images are generated by using 
the normalised friction costs of the 
PET maps on specific times of the day 
and used by the r.walk.cumsum tool by 
Grass. The connectivity between the two 
parks degrades when the temperatures 
rise. However the right areas remain 
unreached at all times, this is due to the 
distance limit. 
(these maps could be improved in 
readability with Appendix G)
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Fig. 5.19 Thermal accesibility of the Dakpark and park 1943. Created by PETs simulator tool and R.walk 
from Grass plugin in QGIS 

200m

500m
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5.3 Social liveability: spatial 
mobility and social mobility

The increased reliance on cars also 
influenced the development of parking 
infrastructure and the allocation of 
space for roads within urban areas. As a 
result, urban planning began to prioritize 
accommodating vehicular traffic over 
pedestrian and public transportation 
needs. This shift in focus had a profound 
impact on the overall design and 
functionality of urban spaces. Such as 
the utilisation of urban space for the 
different mobilities, see Fig 5.6 (Molster, 
2020). This leads to a reevaluation of 
urban planning principles to address 
the growing dominance of cars in city 
landscapes (Palmboom, 1995). 

fig. 5.20 Traveltime app Rotterdam 
(nd) 

15 min service area car
15 min service area public transport

fig. 5.21 use of public space per mobili-
ty type (Molster, 2020)

2.5 km radius

Fig. 5.22 percentage car occupation 
on streetlevel (parking+road)

0 250 500 1000m
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Network betweeness: Spatial 
mobility

The hierarchy of the public space network 
can be analyzed using an assessed place 
syntax tool (PST). This open-source tool 
allows for spatial analyses that combine 
the space syntax description of the 
urban environment with conventional 
descriptions of attraction into a single 
accessibility analysis tool. Currently 
available as a plugin for both MapInfo 
Professional GIS and QGIS, PST is a 
valuable resource for anyone interested in 
understanding the accessibility of public 
spaces. 
 
One of the unique features of PST is 
the angular choice, which is based on 
the geometry of the street and helps to 
assess whether it is commonly used or 
not. PST also allows users to differentiate 
between different travel distances, such as 
500m, 1000m, and 2500m. These distances 
represent a 10-minute walking distance for 
an elderly person, a 10-minute walk for an 
average healthy person, and a 10-minute 
cycling distance on a city scale. 
 
Using PST to assess several streets in a 
neighbourhood can reveal interesting 
trends in terms of usage. Some streets may 
decline in use over the travel distance, 
while others may increase in use. These 
assessments are based on the probability 
of the geometric representation of lines, 
making PST an invaluable tool for anyone 
interested in studying public space 
accessibility.

Source fig 5.23 Angular choice 500m probability people will walk through a street

Local importance
(500m angular choice)

Neighbourhood importance
(1000m angular choice)

City importance
(2500m angular choice)

Legend
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Fig. 5.24 Axonometric grote Visserijstraat

Fig. 5.25 Axonometric Spangeskade

Fig. 5.26 Axonometric Schippersstraat
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Park 1943 offers a wide range of leisure 
activities for all ages. 
 
At the weekly market on the Visserijplein 
on 9 September, with an air temperature 
of 26 degrees, it was clear that there 
was a high proportion of older people 
on the square throughout the day. The 
vibrancy of a market and the social 
interactions that come with it tend to 
extend beyond its immediate location 
and into the surrounding areas, resulting 
in the development of vibrant and 
economically thriving communities. This 
mutually beneficial relationship between 
the market and its surroundings underlines 
the inherent interdependence between 
economic and social activities in a given 
area. 
 
The (young) children were found in several 
playgrounds such as Bospolderplein, Park 
1943 and around several schools. The 
Dakpark also has a water element that 
could be used in the process. 

Fig 5.27 Visserijplein Photo taken by Author

Fig 5.29 Dakpark Photo taken by Author

Fig 5.28 Bospolderplein Photo taken by Author

Fig 5.28 Park 1943 Photo taken by Author
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PET classification
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Fig. 5.27 PET on public space use according to CVTO on a warm day and a summer day. Created by PETs simulator tool

Social liveability with thermal 
comfort public spaces
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Shadow friendly and 
evaporative elements

9:00 12:00

15:00

1st of July 2015

18:00

Legend
Shadow percentage sidewalk
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Fig. 5.31 Preffered shadow percentage on public space use according to CVTO on a warm day and a 
summer day. Created by PETs simulator tool

Fig. 5.32 trees averaged per 30 m line segment (SBI infra 
trees and TOP NL roads) & Fig 5.28 NDVI generated by 
PETs simulator tool and projected on polygon shapes

Fig. 5.30 East wind Bospolder Tussendijken

Understanding how shadows affect 
urban microclimates is crucial as it 
impacts temperature distribution, energy 
consumption, and human comfort. 
Moreover, having knowledge about the 
performance of evaporative surfaces 
can help in designing sustainable urban 
landscapes that facilitate natural cooling 
processes, decrease surface temperatures, 
and improve air quality.fosters resilient, 
liveable cities adaptable to climate change 
challenges.
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5.5 Policies considering heat and physical 
liveability improvement

When designing cities and urban areas, various 
stakeholders are involved, including civil 
society, state, and private parties. The state, 
at the local, provincial, or national levels, 
initiates the plans and sets the rules that 
urban designs must follow, although they are 
beginning to reduce their direct involvement. 
In addition, project developers and housing 
companies in the private sector have become 
significant clients for urban designers. Civil 
society, comprising individuals and interest 
groups, is also critical in providing feedback 
and occasionally participating in the design 
process. Finally, experts from various fields, 
such as consulting firms, law firms, research 
institutions, and government agencies, provide 
information on what is possible and what 
limitations exist. Urban design has become 
more complex and inclusive, covering a wide 
range of topics, which has resulted in more 
experts from different fields being involved 
(van Esch, 2015).

The National Climate Adaptation Strategy 
(NAS) and the Delta Plan for Spatial 
Adaptation, both integral components of the 
national Delta Program, form the framework 
for establishing a climate-resilient Netherlands 
(CAS, nd). Each municipality has devised its 
own heat plan, with Rotterdam, for instance, 
crafting a strategy to address acute heatwaves 

at the neighborhood or district level 
under the ‘Rotterdam’s Weather Response’ 
climate adaptation program (2019-2026) 
(Gemeente Rotterdam, nd). Furthermore, 
the Rotterdam-Rijnmond Public Health 
Service (GGD) is devising preventive 
measures to mitigate the adverse health 
effects of heat.

In the initial phase of this initiative, 
activities are undertaken at both the 
neighborhood and city levels. These 
include conducting local assessments on 
factors like heat stress, residential comfort, 
amenities, and cool spots; establishing 
local networks; forging connections with 
relevant themes in Rotterdam; developing 
and utilizing communication tools; 
formulating, implementing, and refining 
the local heat plan; and sharing knowledge 
with other municipalities.

Neighbourhood association

Neighbourhood associations

Fig. 5.33 Stakeholder analysis (Adapted by Author from Hofman 2022)
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Fig. 5.18 Intervention conclusion
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Planning process and the involvement of the urban 
designer

In the “Omgevingsvisie,” Rotterdam proposes 
two key themes: the Healthy City and the 
Inclusive City. Additionally, Rotterdams 
Weerwoord has outlined the implementation 
agenda for 2023-2026. Among the five climate 
adaptation actions outlined, two focus on 
public space climate adaptation and engaging 
the people of Rotterdam in movement. In the 
Bospolder area, public space development is 
tied to ongoing development projects, while in 
Tussendijken, short-term goals primarily revolve 
around sewage replacement and renewal 
(Gemeente Rotterdam, nd).

In terms of financing, the municipality 
offers subsidies to civil organizations, state 
entities, and private enterprises. There’s also 
a subsidy program aimed at greening green-
blue schoolyards in Rotterdam (Gemeente 
Rotterdam, nd). Moreover, tailor-made 
subsidies are available for housing associations 

Fig. 5.35 Omgevingsvisie Rotterdam. Retrieved from Verlinde, J., et al. (2023) Rotterdams Weerwoord. Uitvo-
eringsagenda. Retrieved from https://rotterdamsweerwoord.nl/content/uploads/2023/06/Uitvoeringsagen-
da-2023-2026.pdf

Fig.  5.36 Overview of collaborative partners for heat miti-
gation measures (Jong Delfshaven, nd; Veldacademie, 2020; 
Arcgis voorzieningspunten, nd).

Fig.  5.34 Goals of the municipality of Rotterdam Retrieved from https://
www.ruimtelijkeplannen.nl/documents/NL.IMRO.0599.OV2021Rotter-
dam-va01/d_NL.IMRO.0599.OV2021Rotterdam-va01.pdf

Legend

      functions
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	 public
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	 unknown
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	 climate adaptation program
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to facilitate the implementation of climate 
adaptation measures. One municipality grants 
subsidies to specific housing associations for 

this purpose. Additionally, the municipality 
extends subsidies to residents or companies 
for constructing climate adaptation measures 
on private property (RVO, 2013).
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5.5 SWOT 

To explore design possibilities in the 
Bospolder Tussendijken area, it’s essential 
to grasp the functionalities of the 
neighborhood and identify areas requiring 
improvement due to urgent issues. During 
the design phase, it’s crucial to determine 
which elements should be minimized or 
amplified, what needs mitigation, and 
what aspects could be enhanced. Below, 
we outline some weaknesses, threats, 
strengths, and opportunities present 
in the current public spaces of these 
neighborhoods.
Summary of the previous analysis 
showcases the social liveability in public 
spaces and walkable environment, 
physical liveability in terms of thermal 
comfort and policies.
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Fig.  5.37 Opportunities Bospolder Tussendijken

Fig.  5.38 Strengths Bospolder Tussendijken

Opportunities

The neighborhood has mature trees that 
can be used to mitigate climate effects. The 
schoolyards can be improved, and cooler 
courtyards could be opened up. Smarter 
parking usage is recommended to free up 
space for social and climate purposes. Social 
mobility could be improved by creating 
better places to stay. Offering social spaces 
for vulnerable groups increases inclusivity. 
The neighborhood has ongoing initiatives to 
enhance quality of life, with a focus on social 
and environmental factors. Subsidies are 
available for developing green spaces, showing 
a commitment to sustainability.

Strengths

Rotterdam Weerwoord collaborates with 
local communities to provide access to 
public spaces, green areas, and cultural 
activities for all residents irrespective 
of their income level. The municipality 
promotes sustainable transportation options 
to reduce traffic congestion and improve 
air quality. They work with policymakers 
to establish effective policy frameworks 
prioritizing sustainability and social 
equity, including green building codes and 
participatory decision-making processes. 
This way, they aim to create a more 
connected and vibrant city for everyone to 
thrive.
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Fig.  5.39 Threats Bospolder Tussendijken

Fig.  5.40 Weaknesses Bospolder Tussendijken

Threats

Barriers like Spanjaardstraat can weaken 
community connections, reduce accessibility, 
and threaten social liveability. The 
neighborhood’s physical liveability is affected 
by hot streets that lack trees, creating a divide 
between areas and negatively impacting 
residents, especially single-person households 
as they age. Prioritizing policies to improve the 
quality of life, sustainability, and resilience of 
the neighborhood is crucial to prevent these 
challenges from harming residents’ well-being.

Weaknesses

The high population density of the area and 
the lack of public spaces can make residents 
feel disconnected. The mobility is poor, 
and pedestrians face difficulties due to the 
high number of cars and limited crossing 
options. The area also lacks greenery, and 
the wide streets can become uncomfortably 
hot during the day. However, due to the 
low economic status of the neighborhood, 
significant changes may not occur in the 
short term.

In conclusion, the Bospolder 
Tussendijken area presents a unique 
set of opportunities, strengths, threats, 
and weaknesses that must be carefully 
considered in any development or 
improvement initiatives. Leveraging 
mature trees for climate mitigation, 
enhancing social mobility through 
better communal spaces, and fostering 
inclusivity by catering to vulnerable 
groups are notable opportunities. 
Strengths such as collaboration with 
local communities, promotion of 
sustainable transportation, and effective 
policy frameworks demonstrate a 
commitment to creating a vibrant and 
connected neighborhood. However, 
threats like barriers hindering 
community connections and the impact 
of hot streets on resident well-being 
highlight the importance of prioritizing 
policies that improve quality of life 
and resilience. Addressing weaknesses 
such as poor mobility, limited greenery, 
and economic constraints will 
require strategic planning and long-
term investment. Overall, a holistic 
approach that addresses these aspects 
comprehensively is essential to creating 
a thriving and sustainable community in 
Bospolder Tussendijken.
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Fig 6.0. Dakpark, Bospolder. Picture taken by Author



114 115

The concept of liveability urban 
design aims to connect city-scale 
climate adaptation with citizen-
centric public space design. It focuses 
on providing access to cool, green 
spaces for vulnerable residents within 
their neighborhoods. This approach 
emphasizes the importance of not 
only reducing city-wide temperatures 
but also designing playgrounds, parks, 
and walkable streets to cater to the 
needs of children and the elderly so 
that they can thrive throughout the 
day. By prioritizing the creation of 
a network of public spaces, we can 
enhance the resilience of the urban 
environment.

6.1 Vision statement

The vision for Bospolder consists of three 
main goals. The first goal is to increase 
the neighborhood’s ability to deal with 
heavy heat. The second goal is to enhance 
social spaces in the neighborhood. The 
third goal is to improve walkability and 
inclusivity of access. By attaching long-
term goals to interventions that also 
yield immediate results, plans and their 
investments will be more easily accepted 
as they directly benefit the neighborhoods. 
These interventions have direct benefits 
by combating heat stress and increasing 
liveability for people, while the long-term 
goals include reducing damage during 
heatwaves in the future.

		  Mitigating heat

Heat can not only cause discomfort 
but also pose serious health risks if 
not managed properly. It’s important 
to prioritize thermal comfort to ensure 
the well-being of individuals in various 
environments.

		
		  Creating social places		
		  for elderly and children

The inclusive design of the place, which 
was originally intended for children and 
the elderly, will be enhanced to benefit 
people of all age groups. By creating 
enjoyable amenities that cater to different 
age groups, the livability of the area will 
be increased for everyone.

		  Improving Walkability

Walkable urban environments allow 
everyone equal access to essential 
services, promoting social cohesion and 
inclusiveness. As more people choose 
to walk, the use of carbon-emitting 
transportation decreases, leading to a 
reduction in greenhouse gas emissions. 
This contributes to a more inclusive 
and environmentally conscious urban 
landscape.		
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In the literature, various interventions 
aimed at improving public spaces were 
categorized into patterns. For example, a 
toolkit represented by the card in Fig. 6.2 
was developed. This toolkit differs in its 
goals, implementation, and tasks. Figure 
6.xx illustrates the relationship between 
social liveability and physical liveability. 
For a more detailed overview of the 
literature and practical implementations, 
please refer to Appendix A.

CLUSTER.CODE Title

Hypothesis

Relations

Mitigating effects
Literature

Fig. 6.2 Example of pattern language card

Fig. 6.1 Overview of relationship to each other 
and referring to the goals

6.2 Design principles: toolkit
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Implementation

Abstract

Goal

Mitigating heat

	 MH.20 Creating evaporative surfaces
	 MH14	 Planting a tree
	 MH1	 Tree line
	 MH3	 Frontyard
	 MH.19 Designing with the wind
	 MH8	 Let it open 	
	 MH.18 Designing with the sun
	 	 green option
	 MH1	 tree line 
	 SP2	 park with trees
	 MH12	 pergola
	 	 grey option
	 MH6	 topping up buildings 	
	 MH2	 reflective materials
	 MH4	 arcade
	 MH12	 pergola
	 MH7	 permanent shading
	 MH5	 sunscreens (ownership)
	 MH.18 Designing for the heat consciousness
	 SP1	 Placing a bench
	 SP8	 Drinking water
	 SP7	 Informing about heat
	 SP6	 Playing with water

Liveable environment

	 Walkable environment – streets 
	 W.13 Designing for walking - streets
	 SP1	 Placing a bench
	 W5	 Designing for needs
	 W8	 Clustering traffic
	 W6	 Safe crossings
	 W3	 Pedestrian first
	 W2	 Continuous streets
	 Public spaces inviting for elderly – public spaces
	 SP.13 Designing for staying
	 SP1	 Placing a bench
	 SP2	 Park with trees
	 W5	 Designing for needs
	 SP10	 Human scale 
	 SP12	 Optional activities 
	 SP3	 Opening enclosed spaces
	 SP2	 Park with trees
	 SP4	 Ownership
	 SP11	 Wind size squares
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W4. Focus on the local

HYPOTHESIS improving the 
local & neigbourhood net-
works instead of city

SP.7 Informing about heat

HYPOTHESIS: informing 
people of the heat

MH.13 Shading route

HYPOTHESIS improving the 
shading route for walkability

SP8. Water bottle mo-

HYPOTHESIS: providing the 
possibility to hydrate

W3. Pedestrain first

HYPOTHESIS: less car dom-
inant will lead to an pedes-
train friendly environment

W.5 Designing for needs

HYPOTHESIS: taking into 
account the usability of the 
place can reveal the need 
for heat mitigation

W2. Contuinuity of streets

HYPOTHESIS: continuity of 
look of streets improves the 
legibility of pedestrains

SP.6 Playful water ele-
ments
HYPOTHESIS: cooling ele-
ment good for the public 
space

MH.14 Planting a tree

HYPOTHESIS: creating evap-
orative srfaces for mitigat-
ing heat

MH.12 Pergola

HYPOTHESIS: creating a 
natural shading improves 
the shading as evaporative 
areas

W.1 Elderly in front

HYPOTHESIS: improving the 
whole network by taking dis-
tance of elderly into account

local neighbourhood city

MH.5 Outside sun blinds

HYPOTHESIS: people can 
easily adapt their climate 
conditions

SP5. Enclosed gardens

HYPOTHESIS: lots of green 
and shadow formed in 
enclosed places can provide 
shelter place

MH.17 Height Weight 
ratio

HYPOTHESIS: being aware 
of the current H/W ratio can 
influence the design decision

W.6 Safe crossings

HYPOTHESIS: improving the 
waiting time for pedestrains

SP.9 Accessible greenery MH.18 Designing with the MH.19 Designing with 
evaporative surfaces

HYPOTHESIS: making sure 
that greenery is accessible to 
everyone

HYPOTHESIS: 12:00 causes 
different shadow patterns 
then 15:00 shadows

HYPOTHESIS: east west 
street require wind flow op-
tions for convection

Chapter 6 | Intervention - towards a  public space health resilient network design Chapter 6 | Intervention - towards a  public space health resilient network design 
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MH.2 Reflective materials

SP.13 Restorative points

HYPOTHESIS increasing the albe-
do of shortwave radiation

HYPOTHESIS increasing the albe-
do of shortwave radiation

SP.4 Ownership

HYPOTHESIS: whenever people 
feel connected to the place it 
will be maintained

SP.10 Human scale square

HYPOTHESIS: having an appropi-
ate size of square allows people 
to feel safe and seen 

SP.11 Wind sized squares

HYPOTHESIS: with the right sizes 
of a square there will be no hin-
der during social activities

SP.12 Optional activities

HYPOTHESIS: see appendix A

MH.8 Keeping it open

HYPOTHESIS: don’t introduce 
blocking elements for wind
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MH.6 Topping up buildings

HYPOTHESIS: creating 
permanent shadow as 
permanent passive shadow 
generator

MH.4 Arcade

HYPOTHESIS: creating 
permanent shadow as 
permanent passive shadow 

HYPOTHESIS: shading ele-
ment as semi permanent

MH.5 Sun screens

HYPOTHESIS: shading ele-
ment as flexible option

MH.1 Tree line

HYPOTHESIS: improves the 
evaporative areas

MH.3 Green Frontgardens

HYPOTHESIS

SP.2 Park with trees

HYPOTHESIS: creating more 
shade places to stay in-
creases social and climate 
liveability

SP.1 Bench

HYPOTHESIS: creating rest-
ing spots for elderly during 
a hot day

MH.11 Small pocket park

HYPOTHESIS: little spot for 
evaporative area as well as 
a little communal space

MH.10 Depaving

HYPOTHESIS: improving the 
evaporative surfaces will 
mitigate the temperature

MH.21 Demontable structures

MH.9 Orientation

HYPOTHESIS: orientation 
influences the sun and wind 
of a street

quality of the physical environment

resultant of activities 
(social activities)

poor good

necessary activities

optional activities
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6.3 General application toolkit
Streets 

Fig. X Pattern toolkit flowchart streets

small scale

network

street

small scale
drivers
which 
streets

deter-
minants 
street look 
alike

which 
mitigation 
strategy

mitigation implementation

street scale
goalsub goals

Fig. 6.2 Design decision flowchart streets. 
Created by Author

To improve thermal accessibility for 
vulnerable groups on streets, the 
decision design flowchart outlines three 
connected design principles: walkability, 
heat mitigation, and public spaces. It 
suggests prioritizing pedestrians over fast 
traffic and considering the orientation 
and proportions of streets to determine 
their potential for casting shadows 
and accommodating refurbishment. 
Additionally, the flowchart recommends 
using sun, wind, or evaporative materials 
for mitigation, depending on the scale 
of the measure, and emphasizes the 
importance of street continuity in 
implementing mitigation measures. These 
measures contribute to creating shading 
routes, accessible greenery, and ultimately 
improving thermal accessibility.

Chapter 6 | Intervention - towards a  public space health resilient network design Chapter 6 | Intervention - towards a  public space health resilient network design 
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6.3 General application toolkit
Public spaces

Fig. X Pattern toolkit flowchart streets

small scale

small scale public space

network

street

network

drivers
which pub-
lic spaces

deter-
minants 
public 
space stay 
location

which 
mitigation 
strategy

mitigation implementation

Fig. 6.3 Design decision flowchart public spaces. 
Created by Author

streetscape.This is the decision design flowchart, 
which can be used as a general approach 
to mitigate heat stress in public spaces. A 
key factor for a comfortable public space 
is one that is human-scale and has no 
more than 30 meters of enclosed space. 
Additionally, it should be designed with 
consideration for wind conditions, as a 
square with good wind circulation is more 
favorable for people to stay in. The next 
step involves determining the mitigation 
strategy and implementing public space 
measures. Public space measures include 
designing for temporary needs and 
creating optional activities in the square to 
encourage social interaction. Stay qualities 
for heat regulation, such as access to 
drinking water, temperature information, 
shaded areas, and greenery, are also 
essential. Designing with evaporative 
materials and considering sun exposure are 
important aspects similar to those in the 

Chapter 6 | Intervention - towards a  public space health resilient network design Chapter 6 | Intervention - towards a  public space health resilient network design 



126 127

6.3 General application toolkit
Combination

small scale street

network

drivers
which 
streets

which 
mitigation 
strategy

mitigation implementation goal

This is the synergy between streets and 
public spaces as one public space network 
application of the toolkit. Depending on 
the scenario chosen the subgoals and final 
goals wil be met. 
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Fig. 6.4 Design decision flowchart public space 
network. Created by Author
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S1 S2

S3 S4

Climate liveability

Climate deprived

Climate maximalisation

Status Quo Social maximalisation

Social Climate Synergy

Social liveable Social deprived

6.4 Scenario building

To tackle climate resilience. 
Scenario building is applied. To 
figure out the ideal outcome 
multiple pathways are laid out. 
Eventually, a strategy will be 
proposed to cope with the 
different scenarios.

The scenarios proposed are S1. 
Climatic maximalisation. In this 
scenario, the mitigating effects are 
a high priority. The social aspects 
are present to a lesser extent. S2. 
Social Climatic Consensus This will 
be the golden ratio between social 
liveability and climate liveability 
since it enhances both aspects. 

S3. Status Quo This is the state it is 
now. Neither good social liveability 
as well as climate safety. S4. Social 
maximisation The appropriateness 
of the place, as well as the social 
places, are in favour of this area. 
Climate safety is present to a lesser 
extent.

In the climate priority neighbourhood 
it maximalises the climate comfort 
generated aspects.

The areas with a lot of heat more 
extensive greenery will be placed. The 
interconnectedness of greenery is 
important in order to mitigate as much 
heat as possible.

On the North south axises 
Schipperstraat, Grote Visserijstraat 
and Tram area Spanjaardstraat More 
extensive green structures will be 
introduced. Those green options have 
the quality to slower the wind in the 
winter seasons were the south wind is 
more dominant. 

Squares will be depaved to catch as 
less heat as possible.

Collective gardens will be opened up.

The Spangeskade will have more 
greener characteristic. 

Fig. 6.6 Climate maximalisation method

Fig. 6.5 Scenario building

Chapter 6 | Intervention - towards a  public space health resilient network design Chapter 6 | Intervention - towards a  public space health resilient network design 

S1. Climate maximalisation

Legend



130 131

S2. Social climate synergy
S4. Social maximalisation

In the neighborhood, we aim 
to enhance climate comfort by 
maximizing greenery. In areas with high 
temperatures, we will increase the 
amount of greenery to help mitigate 
the heat. It’s important that the green 
spaces are interconnected to provide 
effective heat reduction.

On certain streets like Schipperstraat, 
Grote Visserijstraat, and Tram area 
Spanjaardstraat, we will introduce 
more extensive green structures. These 
green areas will help to slow down the 
wind during the winter months when 
the south wind is dominant.

We plan to remove pavement in some 
areas to minimize heat absorption 
and create collective gardens for the 
community to enjoy.

Additionally, we will enhance the 
green features along the Spangeskade 
to further improve the neighborhood’s 
overall greenery.

Enhance the adaptability and use of the 
existing public spaces by integrating 
Visserijplein with the library on top, as 
well as the adjacent apartment block. 
The apartment block currently has a 
poor energy label and is designated for 
social housing.

Fig. 6.8 Social climate synergy methodFig. 6.7 Social maximalisation method

Chapter 6 | Intervention - towards a  public space health resilient network design Chapter 6 | Intervention - towards a  public space health resilient network design 
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6.4 Toolkit applied to Bospolder Tussendijken

9:00

Activity pattern

Streets for intervention

12:00 15:00 18:00

no shadow, important 
overlap activity streets

playground attraction 
betweeness

no shadow, second 
importance , important 
overlap activity streets

parcs attraction 
betweeness

good shadow, importance 
overlap activity streets

market attraction 
betweeness

good shadow, second 
importance streets

overlap all the 3 
cluster destinations
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Fig. 6.9 decision flowchart in practice for prioritis-
ing problematic used streets during the the peak 
moments of the day. 

Streets were prioritized based on the 
needs of the elderly and children, with a 
focus on areas such as the market square, 
playgrounds, and parks. The yellow area 
highlights the prioritized streets based on 
these needs. Depending on the amount of 
shadow present the streets are depicted 
which need the most shade. How these 
maps are generated is explained in (van 
Esch, 2024) chapter Application and 
Appendix B and D. 
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Fig. 6.10 prioritisation streets for intervention. Cre-
ated by Author

Social retail street

2nd grade: Solely street destination 

1st grade: High priority of streets

Switch in shadow demand 12 and 15 o’clock

Connection to green spaces, green accessibility importance or elderly tree lines

Elderly tree lines

(Potential) Green (inner) spaces which are semi-public

With the prioritisation of the streets in use 
for the elderly and children, a hierarchy 
is made visible. Here, the 1st grade of red 
visualises the overlapping paths. As could 
be seen over here, there is a parallel street 
next to the Gijsingstraat, and that is the 
big road Schiedamseweg with a lot of 
businesses such as cafes, bakeries, and 
restaurants. They hold ownership over 
the place and could potentially be more 
favourable than Gijsingstraat.

Next up, it is visible that there are already 
some old treelines which could be 
connected, and also one of the goals is the 
accessibility to the green where the green 
accessibility shortest routes are the most 
important. The other figure showcases the 
intervention should take place in the street 
profile, or the architecture needs to be 
adjusted.

For the public spaces destinations with 
high paved areas, depavement needs to 
take place. Other enclosed gardens like 
schoolyards need to act as restorative 
points within the network.
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6.8 Design concepts

green connection restorative points social places to stay

In Tussendijken, the strong horizontal and 
vertical lines in its design result in less 
warming of the streets, while in Bospolder, 
the many diagonal lines cause more streets 
to become warm.

One of the main issues in these 
neighborhoods is the lack of clear north-
south-oriented streets connecting them, 
which creates discomfort for residents 
when walking to their destinations, 
especially at midday. To address this 
problem, integration strategies are being 
implemented, such as the development of 
the Schippersstraat, which will provide a 
green connection.

To improve network betweenness, a circuit 

of greenery is being created, including 
several trees that will serve as a good 
walking route between the two parks 
on normal days, while also providing 
cooling during heat peaks.

Furthermore, it has been recommended 
that all squares in the neighborhoods 
should be greened, as they are places 
where people tend to congregate, 
and therefore require a change. The 
minimum requirement is to plant some 
trees, while the maximum is to remove 
markets and replace them with trees.

current tree line

retail shading and public space  option

residential street

small green connection

accessible green connection

restorative square for elderly as well

refurbished adapted to climate and social preferences Visserijplein
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Fig. 6.12 Design concepts integrated

Fig. 6.11 design concepts
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6.9 Design zoom ins

For the design zoom-ins, there will be a 
look into the retail street Schiedamseweg, 
which incorporates the climate wind 
corridor and the social functions. 
Schippersstraat is chosen to be an example 
street because of its strength of being the 
ecological corridor street from Dakpark 
towards Park 1943. And last but not least, 
there is Visserijplein, which functions 

as the social heart of Bospolder 
Tussendijken and needs mitigation 
measures. 

Schipperstraat

schipperstraat

Schiedamseweg

schiedamseweg

Visserijplein

Visserijplein
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Fig. 6.13 Vison map zoom ins

Visserijplein

Schiedamseweg

Schippersstraat
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The Visserijplein is currently a 
monofunctional square that is primarily 
used during the market by many citizens 
from Bospolder Tussendijken and beyond. 
However, on normal days, it is simply a 
90m2 square with no other purposes, 
entirely paved with no other green spaces. 
It’s essential to renew this area to make 
it functional not only on market days but 
also on regular and summer days.

6.8 Visserijplein

Fig 6.16. Visserijplein, Tussendijken. Picture taken by Author

Chapter 6 | Intervention - towards a  public space health resilient network design Chapter 6 | Intervention - towards a  public space health resilient network design 

Fig. 6.14 Current situation Visserijplein Fig. 6.15 Map of Visserijplein

Fig. 6.17 Vision map of applied measures from scenario building
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The proposal includes two options: one 
is a green solution, and the other is a 
more permanent shading solution. The 
green solution is shown in the appendix 
J. In both cases, the market will have 
to be reduced in size to make way for 
better quality accommodation and more 
mitigating effects. Both are approved 
as inviting places for the elderly and 
children. The size of the square will also 
be reduced to a more human scale by 
dividing the square into segments with 
more functions available. The water 
plaza could be integrated with a water 
reservoir underneath it, which would allow 
it to cope with other extreme weather 
situations and provide a pleasant place 

Design

SP.10 SP.11 SP.12 MH.11 SP.4 SP.8 SP.7 W.5
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Fig. 6.18 synergy social and climate solution axonometric Visserijplein. Created by Author

fig.6.17 impression social climate synergy

Fig. 6.19 Public space decision flowchart 

to be during the hottest moments of the 
year. This would be a costly decision. The 
indoor market is also possible for other 
weather situations next to the covered 
social space between the market and the 
local library with the community pier 80 
Huis van de Wijk. This would probably 
be the most cost-effective solution, also 
because it preserves the social character 
of the market, which is very important 
on the Visserijplein while guaranteeing 
climate comfort during the hottest part 
of the year and throughout the year. 
Within each design, the addition of trees 
keeps the connection greenery with the 
network.

Fig 6.19. Visserijplein, Tussendijken. Picture taken by Author



144 145

	 moderately coarse sand
	 fine sand
	 clay
	 peat				  
	 ownership

Legend

      functions

6.9 Schiedamseweg

For Schiedamseweg, social connection 
remains very important. Therefore, an 
architectural structure is provided to 
create more ambiance on the retail street. 
This also has a multipurpose function for 
providing coverage during the rain. Next to 
that, the Schiedamseweg became a one-
way direction street with the option to 
go through if the shops needed supplies. 
The tram line and metro line remain intact 
because they provide a greater connection 

to other parts of Rotterdam and support 
the 15-minute approach for alternatives 
to fast traffic (Spek, 1986).

The parking spots are replaced by 
evaporative material, and some trees are 
provided in pots to make it more socially 
pleasant.

MH.11
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Fig. 6.20 Axonometric schiedamseweg Fig. 6.21 Visual schiedamseweg

Fig. 6.22 Technical section drawing. Created by Author

MH.21MH.10 MH.12 MH.8 MH.16 SP.1 W.3 W.8

Fig. 6.23 Street decision flowchart. Created by Author
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6.10 Schipperstraat

Schipperstraat acts as a green corridor 
between the two parks. Further research 
has shown that Schipperstraat already 
has the trees that are needed to mitigate 
the heat. These trees are only 5 years old 
at the moment. If there is potential to 
give them more space to grow, the whole 
neighbourhood will benefit. In that case, 
we need to depave the surroundings of 

that tree (van Loon, 2016). Also, to make 
it more socially pleasant, there could 
be a densification of green material 
around the trees. Also, by integrating 
this as a place to stay, by creating 
more small parks or play materials for 
children, this street will come to life 
and will function as a green corridor in 
the neighbourhood, connecting Dakpark 
with Park 1943.
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k
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MH.10 MH.11 MH.1 SP.1 W.3 W.8

Fig. 6.24 Axonometric Schipperstraat Fig. 6.25 Visual Schipperstraat 

Fig. 6.26 Technical section drawing. Created by Author

Fig. 6.27 Street decision flowchart. Created by Author
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0-5 year 5-10 year 10-15 year

Priority streets
Retail street Schiedamseweg

Planting green corridor

Depaving parking lots

Depaving tram line

Green ownership streetscape 

Removing parking spaces

Restorative points

Social stay locations

Public spaces

Streets

Opening up enclosed gardens

Creating benches along the routes

Refurbishing Visserijplein

Refurbishing Planting trees

Refurbishing school yards

Governance

Municipality

Ministery of Water 
Infrastructure

Health organisations
Schools
Neighbourhood associations

Civil society Private

All society

Housing associations
Retail owners Schiedamseweg
Elderly care homes

In the plan outlined above, the strategy 
involves considering both the renewal of 
public spaces in terms of social livability 
and the street network approach.

In the short term, the focus will be on 
investing in the existing semi-public spaces 
and aiming to make restoration points 
along the network.

The priority streets will begin with the 
retail street Schiedamseweg, which will 
strengthen most of the overlapping routes. 
Additionally, greening the Schipperstraat 
will provide a pleasant walking route from 
one park to another, while also improving 
climate protection. Small shared public 
spaces will also be provided.

For other priority streets that are 
not retail streets or part of the green 
corridor, the car parks will be removed 
first. Subsequently, in collaboration with 
neighborhood associations and housing 
associations, some of these car parks will 
be replaced by green spaces with planters 
to initially give the place some function. 
Trees will be planted to create a more 
permanent solution for the neighborhood.

The largest investment will be the 
renovation of the Visserijplein. The square 
will be divided into smaller, enclosed 
public spaces to make it a lively place 
to be all year round, including in hot 
weather. The characteristics of a market 
square will be preserved, but elements for 
evaporation and sun shading need to be 
incorporated.

The greening of the Visserijplein is 
expected to take several years. As outlined 
in the phasing strategy, the planting of 
trees, in particular, will take time to reach 

full size, and the street profile will 
need to be adapted to accommodate 
this. Therefore, artificial structures 
will be implemented first.

6.11 Phasing

Chapter 6 | Intervention - towards a  public space health resilient network design Chapter 6 | Intervention - towards a  public space health resilient network design 

Fig. 6.28 Phasing design decisions. Created by author
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‘ ‘ C h a p t e r  7 		  V a l i d a t i o n  a n d 
a s s e s m e n t  i n t e r v e n t i o n s

’ ’
	 1.	 Testing design intervention
	 2.	 Testing thermal accessibility
	 3.	 Transferability research

Fig 7.1. Bospolderplein, Bospolder. Picture taken by Author
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Chapter 7 |  Validation and assesment of interventionsChapter 7 | Validation and assesment of interventions

According to the suggestions on page 65, 
there are several objectives that have been 
set to achieve a more liveable Bospolder 
Tussendijken. These design choices will 
ultimately be evaluated in terms of 
feasibility.

The vision map in this report proposes a 
heat mitigation effect, which is visualized 
in image (xx). The creation of shadows will 
make it a better social place to stay in 
during the market and the sunscreens at 
the dark park and the enclosed gardens are 
sufficient. Additionally, the sun shading at 
Schiedamseweg is visible. However, just 
adding greenery like grass will not have 
major effects. Also the decision is made to 
shade the market square of Visserijplein 
in order to keep the function of being a 
market. 

The thermal accessibility of the market 
did not make much of a difference, 
which is also due to the minimal effect 
of greenery and shade on the depicted 
streets. If there were more trees, it could 
make a difference. This design chose 
to incorporate greenery in the form of 
grass or with a function like planters on 
more residential streets. The trees on 
Visserijplein did make a difference.

7.1 Testing design interventions

7.3 Intervention adding green in the streetscape 7.4 Intervention tested on the 1st of July

7.2 Trees addition or update of crownsize
9:00 PET  design intervention tested

15:00 PET  design intervention tested

12:00 PET C design intervention tested

18:00 PET C design intervention tested
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Legend
PET classification

	 slightly cold stress
no thermal stress
slight heat stress
moderate heat stress
strong heat stress
extreme heat stress

13-18
18-21
23-29
29-35
35-41
>41

7.5 Intervention tested on the 1st of July

9:00 PET  design intervention tested
PET mitigating effect

9:00 PET  design intervention tested
PET mitigating effect

15:00 PET  design intervention tested
PET mitigating effect

15:00 PET  design intervention tested
PET mitigating effect

12:00 PET C design intervention tested
PET mitigating effect

12:00 PET C design intervention tested
PET mitigating effect

18:00 PET C design intervention tested
PET mitigating effect

18:00 PET C design intervention tested
PET mitigating effect
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thermal accessibility 500m with-
out heat mitigation (1st of juli)

thermal accessibility 500m with-
out heat mitigation (1st of juli)

thermal accessibility 500m with 
heat mitigation (1st of juli)

thermal accessibility 500m with 
heat mitigation (1st of juli)

Legend

Fig. 7.6 assesment of the design goals

The design measures taken in the two 
parks were not influenced by their thermal 
accessibility. However, the green corridor 
created more greenery to maintain the 
connection between the two parks. There 
is a slight difference in the market square, 
as most of the streets are still too warm to 
traverse. Choosing the most walked routes 
did not immediately result in mitigating 
heat in the thermal accessibility.

Therefore, the shelter places at the school 
square that already had a covered service 
area of thermal accessibility in the original 
1st of July simulation are still essential to 
the effectiveness of the design.

The continuity of the greenery is well 
integrated into the entire urban fabric 
of Bospolder Tussendijken. If greenery is 
placed on the roads of Schipperstraat, part 
of Schiedamseweg, Rosenier Faasenstraat, 
and 2e Schansstraat, approximately 927m2 
will be greened, resulting in the removal of 
650 cars in the public space. This accounts 
for 13% of the current situation of the 
amount of cars and does not fall under the 
5% range of removing cars for public space 
livability (Utrecht, 2018).

In this design only the parking lots are 
sacrificed for more greenery in streets. This 
is a cost intensive replacement and people 
should be prevented to park their car on 
the previous parking lot spaces.
 However, the cost of not mitigating the 
heat will be even higher. If we estimate 
the damage over a 50-year period, which 
can be a maximum of heat stress such as 
working, it will cost the Netherlands 3 
billion euros due to climate change in the 
built environment. In addition, the health 
of citizens will be at risk, so every coin 
will be well spent (Source: Deltares, 2012; 
Appendix, E).

7.2 Thermal accessibility assesment
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Fig. 7.7 assesment of the design goals

The study emphasized the need to consider the unique needs and preferences of both 
elderly and children populations when designing public spaces. This includes providing 
adequate seating, lighting, and accessible amenities such as restrooms and water 
fountains. Furthermore, the study suggests that incorporating green infrastructure and 
nature-based solutions can also improve the overall quality of public spaces for both 
elderly and children, while enhancing the ecological sustainability of the area.

Physical liveabilty

G 1. Accesibility of places for elderly 
during summer days

G 2. Continuous mitigating measures 
network of public spaces

G 3. Durable application of mitigation 
measures

Social liveability

G 4. Spatial mobility: investing in the 
environmental quality of walkable 
surfaces for elderly 
destination preferences

G 5. Social mobility: destinations as 
social spaces which are thermal inviting 
for vulnerable groups

pattern flowchart: which 
mitigation elementsare 
there on which scale ap-
plicable 

line segments: shadows, 
orientation, 

cumulative thermal com-
fort accessibility of 500m

important streets for 
shortest paths
(towards needs of vul-
nerable groups within the 
urban evnironment) 

layout of squares

MethodsDesign goals Assesment

_ +

7.2 Assesment liveability conditions

Visserijplein before

Visserijplein after

Driehoeksplein before

Driehoeksplein after

Schiedamseweg before

Schiedamseweg after

Schippersstraat before

Schippersstraat after

Fig. 7.8 Comparison of public 
spaces in heat mitigation 
measures



Chapter 1 | Methodology | Conceptual framework

	

161160

Chapter 1 | Methodology | Conceptual framework

‘ ‘ C h a p t e r  8 	 C o n c l u s i o n  a n d 
d i s c u s s i o n

	 1. 	 Transferability research
	 2.	 Limitations
	 3.	 Reflection
	 4.	 Conclusions Urbanism
	 5.	 Conclusion joint degree
	 6.	 Future research

’ ’



162 163

8.2 Limitations8.1 Transferability

The aim of the research is to find ways to mitigate the harmful 
effects of heat in the public space of Bospolder Tussendijken. 
However, due to the urban structure of the area and limited 
public space, there are very few options for interventions. The 
available space is limited, and wind modeling principles further 
restrict interventions with wind in the urban form. Therefore, 
interventions involving shade forms are the only feasible option. 
Additionally, the input value of the principle is limited to 
1-meter accuracy, which means that designers are restricted in 
their ability to test various landscape objects and are forced to 
consider bushes as grass.

The research focuses on heat mitigation, with a focus on the daily 
movements of people within the public space, which can have 
a negative impact on the health of vulnerable groups. However, 
research has shown that nightly heat exposure causes more 
health problems due to prolonged exposure to heat during the 
night. In Bospolder Tussendijken, 60 percent of households have 
energy label C or lower, which means that any interventions made 
should also involve housing and architectural changes.

One limitation of this research is that it only sheds light on the 
improvement of the durability of liveability to a small extent. 
Due to the heat, drought in the urban environment is likely to 
occur, which can cause problems for nature to grow properly. 
The research focuses on RGB and near-infrared moments on one 
summer day. For a more comprehensive approach, drought could 
be modelled by considering more moments in time.

For the transferability of the research, we need to select other potential pre-war urban 
neighbourhoods with a high population density and cities with a growing elderly population at 
city level. This will qualify the neighbourhoods of PBL krachtwijken (2008). The qualifying streets.  
The applicability of the research could also be investigated for other target groups: such as 
commuters, travellers, etc.  
It could also look more closely at the current neighbourhoods where senior citizens live and the 
need to renovate the public space environment. According to the current inventory, the most 
senior living areas are those with a garden city profile. These are less likely to qualify for heat 
mitigation measures due to the presence of greenery in the neighbourhood.

In this research the restorative enclosed gardens are one of the pillar of the design. If a new 
neighbourhood is depicted which is not a urban block, new strategies need to be discovered.

Chapter 8 | ConclusionsChapter 8 | Conclusions

Fig. 8.1 PBL krachtwijken and population 
growth
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8.3 Reflection

The graduation subject revolves around 
a strategy to reduce the temporality 
of heat stress in cities, creating a 
liveable environment for vulnerable 
groups in the specific context of 
Bospolder Tussendijken in Rotterdam. 
The first 7 questions are related to 
the requirements of reflection. This 
is about the relationship between 
your graduation project and your 
academic background, and next up 
the interplay between research and 
design. Also, the value of your way of 
working, using academic and social 
value of the research, and which 
ethical considerations are taken into 
account. Also, there is a focus on the 
transferability of the research. Next up, 
some personal input was required to 
reflect upon which are: what measures 
are taken in the urbanism design project 
to ensure inclusivity and equity for 
all members of the community and 
how does the project incorporate 
urban activities and occurrences that 
are intertwined with socio-political 
circumstances. Last but not least, some 
additional, non-required reflections are 
additional points of growth from this 
research.

What is the relation between your 
graduation project topic, the studio 
topic, your master track (A/U/BT, LA, 
MBE), and your master programme 
(MSc AUBS)?

This research involves a harmonious 
combination of Geomatics’ evidence-
based design to model the temporality 
of heat stress and the application of 
developing a strategy to mitigate 
heat stress in the public domain of 

the neighborhoods of Bospolder 
and Tussendijken in Rotterdam for 
Urbanism. This integrated approach is 
necessary to implement quantitative 
methods with real realization 
procedures in the urbanism realm. 

What is the relationship between 
research and design?

The relationship between research 
and design is established by modeling 
the actual given environment and 
conducting literature research. Through 
literature research with different lenses 
on climate in terms of heat stress, 
social aspects, and mobility, criteria 
are established that must be met in 
the end through the proposed design 
principles.  
Sketches embed the research in 
the test location. The approach for 
this research involved modeling the 
existing environment with input from 
experts in the field, such as Sytse 
Koopmans. Additionally, an approach is 
formulated that ensures both climate 
security in terms of heat stress and 
integration into the social context of 
vulnerable groups in the test area. The 
research explores aspects of liveability 
based on the inclusive aspect that 
designing for vulnerable groups in the 
neighborhood will result in better living 
quality.

How do you assess the value of your 
way of working (your approach, your 
used methods, used methodology)?

The two masters referred to in the 
text are two different methods used 
to design strategies for vulnerable 

groups. One of the methods is the heat 
mitigation model, which tests heat 
mitigation, the cumulative sum of heat 
to answer thermal accessibility, and 
building orientation/height to reveal 
implementation. The other method is a 
flowchart that helps to take action on 
mitigation measures, with each step 
dependent on the previous one and 
with different sub-questions. 
To create a more comprehensive 
approach, this synthesis combines 
quantitative measures of modeling 
with qualitative measures from the 
literature.

What is the Academic Value of the 
Research?

The academic value of the research 
is enhanced by opening and 
parameterizing the code of Koopmans 
et al. (2020), which facilitates 
the generation, verification, and 
comparison of intermediate results. The 
integration of strategy development 
and methodology development in 
this research, along with the work 
of Marjolein van Esch (2015) and 
ongoing developments in the Dutch 
government, makes it an interesting 
study that addresses the daily needs 
of the elderly in public spaces during 
warm days. This study can be further 
expanded for other vulnerable groups 
such as children, and can also be 
extended to include other daily needs 
of the elderly, based on the work of 
Beira (2010).

What is the Social Relevance of the 
Research?

The societal value of the research is that it 
provides an open tool that can be used by 
a large audience to understand heat effects 
occurring in their neighborhood. This can 
facilitate a quicker dialogue and motivation 
for collaborative efforts with multiple 
stakeholders to develop mitigating measures 
for reducing heat stress. The societal value is 
in developing a strategy where redesigning 
the public domain can improve liveability for 
those living in it.

What are the ethical considerations of this 
research?

This design tries to serve an inclusive 
approach for human well-being and 
environmental aspects. However it solely 
promotes the walkability aspect of streets 
it is possible that people will be shortened 
on the use of further travel modes which are 
still relevant in the displacement methods of 
today, namely car transfer models.  

What is the Transferability of the research?

The research findings can be immediately 
applied to neighborhoods that share 
similar characteristics as the pre-war urban 
neighborhoods with a high population 
density, such as the ones in PBL Krachtwijken. 
Also, cities with a growing elderly population 
can benefit from the same strategies. 
However, modifications need to be made to 
the methods used in this research to apply 
them to other locations or target groups. 

For instance, it might be useful to consider 
commuters or tourists as relevant persons to 
study. Additionally, to apply the findings to 
other neighborhoods, it is essential to assess 
the composition of the urban fabric, including 
urban morphology attributes related to heat 
and greenery availability. 



166 167

Chapter 9 | ReflectionChapter 9 | Reflection

Moreover, the study suggests that 
it’s vital to focus on the public 
space environment’s renovation in 
neighborhoods where senior citizens 
reside. The research findings indicate that 
the most senior living areas are those 
with a garden city profile. These areas are 
less likely to qualify for heat mitigation 
measures due to the presence of 
greenery in the neighborhood. Therefore, 
the restorative enclosed gardens are 
one of the pillars of the design in this 
research. 
If a new neighborhood is not an urban 
block, new strategies need to be 
discovered.

What measures are taken in the 
urbanism design project to ensure 
inclusivity and equity for all members of 
the community?

The project initially prioritized enhancing 
the urban environment through an 
inclusive design strategy, with inclusivity 
serving as the foundational principle 
guiding all subsequent actions and 
decisions. To ensure inclusivity and 
equity for all members of the community, 
extensive community engagement 
initiatives were undertaken to gather 
diverse perspectives and input, ensuring 
that the needs and preferences of all 
residents were considered. Additionally, 
the design process incorporated universal 
design principles to create spaces and 
amenities accessible to individuals of 
all ages, abilities, and backgrounds, 
fostering a sense of belonging and 
social cohesion within the community. 
Furthermore, targeted interventions were 
implemented to address socio-economic 
disparities, such as providing subsidies 
and resources to support marginalized 
groups and promote equal access to 
opportunities and resources throughout 

the neighborhood.

How does the project incorporate 
urban activities and occurrences 
are intertwined with socio-political 
circumstances?

This study advocates for a design 
approach that balances environmental 
sustainability with social considerations. 
To ensure practicality, the study assesses 
the costs and implementation timelines 
of the design strategy. As a result, 
the approach seeks a middle ground, 
prioritizing social solutions to promote 
a healthy environment, particularly 
for vulnerable groups, while also 
considering the financial feasibility of 
implementation in real-world scenarios. 
Therefore, the design is not overly 
extreme but rather attainable in the 
near future, representing a practical step 
toward fostering a more sustainable 
future for generations to come.
Heat stress visualization on a map 
highlights the urgent need to combat 
climate change. As the number of elderly 
individuals is expected to increase in 
the coming decades, there is a growing 
concern about the potential shortage 
of healthcare services that may arise as 
a result. This could lead to significant 
problems in the future if not addressed 
properly. The root cause of the issue 
lies in the manner in which we exploit 
our natural surroundings for our own 
needs. Harmful emissions, such as 
carbon dioxide emitted by transport 
by cars, are a major contributor to the 
fluctuations in our climate, which in turn 
result in a heightened risk to our health.
This emphasizes the importance of 
reducing car emissions and use of cars. 
Therefore the prioritizing of sustainable 
transportation solutions should be 
promoted. The PET plugin is a vital 
communication tool that supports the 

integration of electric vehicles, accelerates 
the adoption of cleaner transportation 
options, and creates healthier, sustainable 
cities.

Additional Points of Growth from this 
Research

Through this thesis, I have also learned to 
interact with various experts in the field, 
in-cluding academics from Wageningen, 
Sytse Koopmans, and Gert-Jan Steeneveld. 
The net-work event at HvA symposium 
“Hete Hangijzers” also contributed to the 
perspective of different municipalities 
and their approach to heat management 
in their cities. Addition-ally, discussions 
with researchers at the municipality of 
Rotterdam, such as Merel Schel-tema, 
and advisor Andre de Wit at Witteveen 
en Bos, provided an interesting interdisci-
plinary mix of information alongside my 
interdisciplinary background in geomatics 
and urbanism on this issue. 

Noteworthy in this report is also the 
alternation of research by design. Through 
my inter-action between evidence-based 
modeling of PET, there is a significant 
analytical aspect to this research. The 
design partly awaited the outcomes of the 
PET. Therefore, the design part entered the 
process later. This allowed me to discover 
firsthand how research by de-sign took 
place in the design.
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permeable surfaces in infrastructure. On a summer day a lot of 
places tend to be too hot. 

- How could Bospolder Tussendijken be improved on 
liveability?
Based on the liveability research, it is split into improvements 
on social liveability and physical liveability. Physical liveability is 
divided in mitigating measures in the built enviornment such as 
evaporative surfaces, designing with the wind, designing with the 
sun and heat conscience. For the social liveability it is divided in 
creating places for vulnerable groups and promoting a walkable 
environment. Through the pattern language field and creating 
scenario’s, the social and climate synergy is created.
By improving several streets with greenery, opening up social 
places for other groups and improving the marketsquare the goals 
are met. 

Main conclusion of this research is multiple interpretations of 
liveability are required to make it a appropiate urban design plan. 
Several methods had their own purpose, the PET simulator model 
did calculate the heat mitigation, the shortest path created 
evidence for the most traversed walks for the destination points 
depicted, the r.walk tool did evaluate the thermal accessibility 
and the toolkit did develop the strategy and requirements 
of certain design interventions. According to Marjolein van 
Esch’s research in 2015, integrating additional heat mitigation 
measures, next to solar radiation, and vegetation, measures or 
improving the wind in the PET simulator design could enhance 
its performance. As proposed in this research it is interesting 
for different stakeholders to engage in the conversation of 
heat mitigating measures in urban environments. Because every 
intervention in heatmitigation will help and we must act fast if 
we want to preserve the quality of life in urban neighborhoods 
now and in the future.

This research attempted to answer the question 

“How could a strategy be proposed that can mitigate heat 
stress temporality but also provide a liveable environment 
for vulnerable target groups in the context of Bospolder 
Tussendijken in Rotterdam, the Netherlands?”. 

The conclusion was made of the subquestions:

- What are the liveability requirements?
- What is the current state of liveability in Bospolder 
Tussendijken?
- How could Bospolder Tussendijken be improved on 
liveability?

Each of these questions will be answered seperately:

- what are the climate and social liveability requirements?
The physical liveability requirements were thermal accessible 
places, continous mitigating measures and durable mitigation 
measures depended on the practical implemenations and place 
specifications. For the social liveability a walkable environment 
should be promoted as well as inclusive design for vulnerable 
groups.  

- What is the current state of liveability in Bospolder 
Tussendijken?
Bospolder Tussendijken have two parks nearby as social gathering 
spaces. Also the place equips of a weekly market Visserijplein. 
However everything is very paved and there is a lack of 
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The aim was to develop an reproducable spatial-temporal tool for 
indicating thermal comfort in urbanized areas in the Netherlands, 
as well as to create a strategic design for the context-specific 
area for Bospolder Tussendijken in Rotterdam.  The research was 
part of a cycle of 3 steps (see figure 8.1). First the development 
of the PET simulator tool which made it possible to have 
reproducability for third-party use. Second it created the PET heat 
stress maps for analysis for the urban design. Third step were the 
urbanism requirements for design and the creation of the design. 
Third part was the reflection for further development of the PET 
tool and future work. 
The PET simulator tool helped eventually to model the heat 
stress in the application case study of Rotterdam. Through the 
analysis of the input datasets, methods and results, it emerged 
that the methods should be publicly available with integration of 
computational environment. A plugin has been created in QGIS to 
open the Python code to a larger audience. A sensitivity analysis 
has been carried out for the wind modulation. Ultimately, the PET 
was made readable and applied to the accessibility of the area.
For designing the urbanism part formulated liveability 
requirements for design implementations. From the literature 
liveability is subdivided in physical liveability and social liveability. 
The physical liveability is accessibility should be guaranteed 
despite the increase of days above 25 degrees for vulnerable 
groups. Next to that the continuity of the mitigation measures are 
the most effective since it is scale dependent. Also to keep the 
mitigating effects functioning it is important that the mitigation 
measures are durable depended on the practical implemenations. 
To make it social appropiate a walkable environment should 
be supported and enough social spaces should be available for 
vulnerable groups. 
Thirdly the tool evaluated the design implementations on their 
effectiveness which leads to additional research of the design 
and future work. At the moment shadow is the most contributing 
factor for heat mitigation. Future work to improve heat mitigation 
is the integration of additional heat mitigation measures, next 
to solar radiation, and vegetation, measures or improving the 
wind in the PET simulator design could enhance its performance. 
In addition, PET simulator should be better design and analysis 
integrated without too much effort for modifying the input files 
for the designer, in order to make it more third-party use proof. 
The plugin has great prospects for future potential applications 
in modeling PET such as night urban heat island simulations and 
improving communication among stakeholders. The research 
aligns with field geomatics and urbanism, using GIS and spatial 
analysis techniques to address urban environmental challenges. 
The project contributes to understanding the health implications 
of urban micro climates and the potential effects of temperature 
increases, informing policymakers and urban planners about 
action for creating healthy and sustainable urban environments.

Chapter 8 | Conclusions

Analysing the built environ-
ment situation

Conclusion design

Geomatics generating PET 
with PET simulator tool

Urbanism translating require-
ments to design

Future work

Chapter 8 | Conclusions

8.5 Conclusion joint degree research

This study raises new research questions. 
It would be valuable to explore different urban typologies and 
their potential impacts. Additionally, in terms of design, it would 
be beneficial to experiment with building heights to address 
extreme wind variations. However, due to the lack of precise 
wind modeling, the design couldn’t be thoroughly tested. The 
modifications in the design are currently focused on altering the 
RGB and Infrared layers, creating shadows through buildings and 
trees, and addressing the integration of reflective surfaces, which 
require improvement.

Given the modifications to the input layers, understanding the 
other thesis is necessary. Consequently, the application for 
designing and testing is limited to third-party use. A more user-
friendly interface, potentially through sketching, could enhance 
the usability of design practices.

To gain a better understanding of how people choose walking 
routes in hot urban environments, future research could 
investigate to what extent individuals opt for cooler routes 
and the variables influencing their choices. This could provide 
insight into whether people base their decisions on their urban 
environment. In this research, the shortest path is utilized as an 
evidence-based method for choosing certain routes over others 
for redevelopment, which may involve route-tracking techniques.

8.6 Future research

Fig.  8.2 cycle of integration 
of the research between 
Urbanism and Geomatics 
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Appendix A. Pattern toolkit elaborated

IMAGE FROM: 

CLUSTER.CODE TITLE

Hypothesis: description

Relations: CLUSTER.CODE etc. 

Mitigating effects

Literature: xx

Context: description

Practical implication:
cost
multifunctional
implementation speed
ownership

Design principle related

€

This is the extended version of patterns 
showed in chapter IV. The clusters are 
based on the three design principles: 
walkability (W), Mitigating heat (MH) and 
Social places for elderly (SP). This is formed 
with a hypothesis in the context. Also it 
includes some conditions of implementa-
tions. The literature is shown as well as the 
related toolkit patterns. 
The costs per implication are retrieved 
from Green Blue grids book from Hiltrid 
Potz (2016). Whenever there are specific 
numbers for transforming the street Fact-
sheet climate adaptation from the prov-
ince of South Holland is used (Province 
South Holland, 2021; HVA, 2017; Nelen en 
Schuurmans, 2021). 
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IMAGE FROM: https://english.elpais.com/science-tech/2023-06-21/a-review-of-studies-
with-22-million-people-shows-that-loneliness-increases-the-risk-of-dying.html#

SP.1 A bench in the shade

Hypothesis: creating resting spots for el-
derly during a hot day

Relations

Mitigating effects

Literature: Bhati (1998), Lenzholzer 
(2018)

Context: Older people tend to overheat more easily than other groups. 
Therefore, it is good to have more resting places in the network where people can 
rest. This is also a beneficial element for the whole year. 

Practical implication:
cost
multifunctional
implementation speed
ownership

Design principle related

IMAGE FROM: taken by Author, London

SP.2 Park with trees

Hypothesis: creating more shade places 
to stay increases social and climate live-
ability

Relations: MH.18

Mitigating effects

Literature: Potz (2016)

Context: larger spots of evaporation can help cool the city at this point. 
It also helps as a cool area for people to congregate as a refuge from the heat.

Practical implication:
cost
multifunctional
implementation speed
ownership

Design principle related

IMAGE FROM: Image taken by Author

SP.3 Opening up public spaces

Hypothesis: opening up public spaces 
can enlarge the service areas of certain 
public spaces accessibility

Relations: 

Mitigating effects

Literature: Sim (2019), Gehl (2011)

Context: creating flexibility in the openness of public and private spaces 
can help to create places of refuge from the heat in the network in dense urban 
environments. It also helps to have an adapted behaviour in the ownership of the 
semi-public space, having more connection with the neighbourhood. 

Practical implication:
cost
multifunctional
implementation speed
ownership

Design principle related

IMAGE FROM: Image taken by Author

MH.1 Tree line

Hypothesis: improves the evaporative 
areas

Relations: MH.18

Mitigating effects

Literature: Potz (2016)

Context: Rather than a single tree, a continuous line of trees will 
dissipate heat better mitigate heat better.

Practical implication:
cost
multifunctional
implementation speed
ownership

Design principle related

€ €

€

€ €
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MH.2 Reflective material 

Hypothesis: creating resting spots for el-
derly during a hot day

Relations: MH.18

Mitigating effects

Literature: Potz (2016), Lenzholzer (2018)

Context: reflective material has a higher albedo and will reflect sunrays 
back to the atmosphere. This could only be applied on pedestrain sidewalks. 

Practical implication:
cost
multifunctional 
implementation speed
ownership

Design principle related

IMAGE FROM: https://weerproof.nl/tips/minder-tegels-meer-groen/

MH.3 Frontyard: tile out, plant it!

Hypothesis:  improving the evaporative 
surfaces and social liveability due to own-
ership

Relations: MH.18

Mitigating effects

Literature: Weerproof (2024)

Context: A continuous green space in front of the houses can 
have a more mitigating effect. At the neighbourhood level, this will mean 
more ownership of the place. With an arrangement of housing associations 
in the neighbourhood and good maintenance in combination with local 
neighbourhood workers, this will create a greater sense of belonging in the 

neighbourhood. 

Practical implication:
cost
multifunctional
implementation speed
ownershipDesign principle related

IMAGE FROM: 

MH.4 Arcade

Hypothesis: creating permanent shadow 
as permanent passive shadow 

Relations: MH.18

Mitigating effects

Literature: Potz (2016)

Context: Whenever arcades are oriented correctly can offer 
benefits of allowing sunlight to enter during winter and providing shade in 
summer. They are also suitable for multiseasonal use by providing shelter 
from the rain. However, for this architectural implication requires long-term 
ownership. Nonetheless, arcades may create a sense of unsafety by creatin dark 

passageways.

Practical implication:
cost
multifunctional
implementation speed
ownershipDesign principle related

IMAGE FROM: Taken by Author Portimao, Portugal

IMAGE FROM: Taken by Author Portimao, Portugal

MH.5 Sun screens

Hypothesis: shading element as flexible 
option

Relations: MH.18

Mitigating effects

Literature: Lenzholzer (2018)

Context: The shade screen’s projection  can result in the formation of a 
shadow, thereby limiting the amount of shortwave radiation reaching the area. 
If the projection is placed at a higher level to avoid traffic, there is a possibility 
that the sun’s rays may come from below decreasing their functionality. It does 
require special attention, could be placed on a eficient manner, is more common 
victim of vandalism.

Practical implication:
cost
multifunctional
implementation speed
ownership

Design principle related

€ €

€ € €

€ € €

€
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IMAGE FROM: https://www.buildinc.eu/optopping/optoppen-betekenis/

MH.6 Topping up buildings

Hypothesis: creating permanent shadow 
as permanent passive shadow generator

Relations: MH.18

Mitigating effects

Literature: Potz (2016)

Context: depending on the flat rooftopscape, integrated approach of energy 
label improvement and ownership of the dwelling. Also it should be considered that the 
heat will accumulate more in the night with this decision,therefore the dwellings need to 

be isolate well to not cause problems in the night. 

Practical implication:
cost
multifunctional
implementation speed
ownership

Design principle related

IMAGE FROM: Photo taken by Author, Área de socialización canina Valencia

MH.7 Permanent shading structure

Hypothesis: creating resting spots for el-
derly during a hot day

Relations: MH.18

Mitigating effects

Literature: Potz (2016)

Context: As a public space solution, this could provide shelter on sunny days while 
also providing protection from the rain. 

Practical implication:
cost
multifunctional
implementation speed
ownership

Design principle related

IMAGE FROM: Google maps Schiedamseweg

MH.8 Let the street open

Hypothesis: creating resting spots for el-
derly during a hot day

Relations

Mitigating effects

Literature: Marjolein van Esch (2015)

Context:  by choosing to not interfere in the streetscape with the qualities of being 
west east oriented and having a H/W ratio higher than 0.7 it is quite handy to use this potential 
to let the wind flow through this street. 

Practical implication:
cost
multifunctional
implemenation speed
ownership

Design principle related

IMAGE FROM: Created by Author

MH.9 Orientation

Hypothesis: orientation influences the 
sun and wind of a street

Relations: MH.18

Mitigating effects

Literature: Marjolein van Esch (2015)

Context: This is a given factor for intervention in public space. The urban fabric has 
evolved in this way over time, and changing it will be very costly, so the best thing to do is to 
design with it rather than against it. 

Practical implication:
cost
multifunctional
implementation speed
ownership

Design principle related

€

€

€ €



192 193

Chapter 2 | Future climate liveability of Bospolder Tussendijken| Chapter 3 | Future climate liveability of Bospolder Tussendijken | 

IMAGE FROM: https://earthbound.report/2015/06/02/10-reasons-to-depave-your-city/

MH.10 Evaporative pavement

Hypothesis:  improving the evaporative 
surfaces will mitigate the temperature

Relations: 

Mitigating effects

Literature: Potz (2016) van Loon et al. (2016)

Context: Depaving causes a difference in the ratio between two types of 
heat transfer - sensible heat and latent heat. The ratio is inversely proportional to the 
wetness of the surface, implying that the wetter the surface, the lower the Bowen 
ratio. Next to a tree this has a higher potential of full grown canopies of trees.  There-
fore it is very important to give more room to a tree. 

Practical implication:
cost
multifunctional
Implementation speed
ownership

Design principle related

IMAGE FROM: Google maps Frank Borselenstraat, Delfshaven, Rotterdam

MH.11 Small park

Hypothesis: little spot for evaporative 
area as well as a little communal space

Relations: MH.18

Mitigating effects

Literature: Potz (2016)

Context: Greening the streets can be made more appealing by adding a social func-
tion to it. This would encourage people to change for greenery over parking spaces.

Practical implication:
cost
multifunctional
Implementation speed
ownership

Design principle related

IMAGE FROM: Created by Author

SP.4 Ownership

Hypothesis: keeping responsibility to-
wards places increases durability of miti-
gating effects

Relations

Mitigating effects

Literature: Gehl (2011)

Context:  ownership is of importance as the chapter policies stated, the willingness 
of coorporation is important to make it a succesful transformation. 

Practical implication:
cost				    -
multifunctional		  -
Implementation speed	 -
ownership

Design principle related

IMAGE FROM: Created by Author

W.1 Design accessibility elderly

Hypothesis:  improving the whole net-
work by taking distance of elderly into 
account

Relations

Mitigating effects

Literature: Molster (2020), Kluck et al (2020). 

Context: It is crucial to implement the 300-meter rule along with a 5-minute accessi-
bility to cool places to ensure that elderly individuals can transfer themselves easily.

Practical implication:
cost				    -
multifunctional		  -
Implementation speed	 -
ownership	 		  -

Design principle related

€ €

€ €

500m
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IMAGE FROM: Photo taken by Author Dakpark, Bospolder 

MH.12 Pergola

Hypothesis: creating a natural shading 
improves the shading as evaporative areas

Relations: MH.18

Mitigating effects

Literature: Lenzholzer (2018)

Context: plants can offer extra cooling through evaporation as well as providing 
shade. They can have aesthatical and ecological value as well. Evergreen plants are preferable. 

Practical implication:
cost
multifunctional
Implementation speed
ownership

Design principle related

IMAGE FROM: Created by Author

W.2 Continuous street pattern

Hypothesis: continuity of look of streets 
improves the legibility of pedestrains

Relations

Mitigating effects

Literature: Molster (2020)

Context:Readable street patterns with a continuous layout are more 
logical for walking.This is could be applied as strategic scale factor for heat mitiga-
tion measures. 

Practical implication:
cost				    -
multifunctional		  -
Implementation speed	 -
ownership

Design principle related

IMAGE FROM: Created by Author

W.3 Prioterisation of the pedestrain

Hypothesis: less car dominant will lead 
to an pedestrain friendly environment

Relations

Mitigating effects

Literature: Molster (2020) Gehl (2011)

Context: Giving priority to the pedestrian area instead of the fast traffic 
area will improve the social mobility of the neighbourhood. It will also become a safer 
place. This opens doors to other types of paving that are more climate-adaptive and 
create more residential qualities. 

Practical implication:
cost				    variable depending on street-
scape tranfsformation (sewage etc. )

multifunctional		  -
Implementation speed	 -
ownership

Design principle related

IMAGE FROM: Created by Author

W.4 Focus on local routes

Hypothesis: improving the local & neig-
bourhood networks instead of city

Relations

Mitigating effects

Literature: Molster (2020)

Context: focusing on the local used streets will improve the walkability of the 
neighbourhood. This could be detected by some sort of network betweeness (angular 
choice) or attraction betweeness if it is destination oriented. 

Practical implication:
cost				    -
multifunctional		  -
Implementation speed	 -
ownership

Design principle related

€ €

local neighbourhood city
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IMAGE FROM: Image taken by Author Delfshaven, perpendicular street to Heemraadsingel

MH.13 Creating shading routes

Hypothesis: improving the shading route 
for walkability

Relations: MH.18

Mitigating effects

Literature: Tauw (2021)

Context: shade in the street networks have less shortwave radiation, which is more 
pleasant to walk through. 

Practical implication:
cost
multifunctional
Implementation speed
ownership

Design principle related

IMAGE FROM: retrieved from https://www.seasons.nl/culinair-recepten/7-x-heerlijke-am-
sterdamse-binnentuinen

SP.5 Enclosed space

Hypothesis: lots of green and shadow 
formed in enclosed places can provide 
shelter place

Relations: MH.18

Mitigating effects

Literature: Sim (2019)

Context: this is a quality of urban block. The shading of trees which are dominant 
over there and depaved qualities can function as refugee spots for hot temperatures. 

Practical implication:
cost
multifunctional
Implementation speed
ownership

Design principle related

IMAGE FROM: https://www.standaard.be/cnt/dmf20191203_04749440

MH.14 Planting a tree

Hypothesis: creating evaporative srfaces 
for mitigating heat

Relations: MH.18

Mitigating effects

Literature: Lenzholzer (2018) Potz (2016),
van Loon et al. (2016)

Context: creating more evaporative 
areas will have a lower bowen ratio. The growth of the performance of the tree and the heat 
mitigation measures are looked into in Appendix F. 

Practical implication:
cost
multifunctional
Implementation speed
ownership

Design principle related

IMAGE FROM: https://www.ad.nl/ede/ede-wil-draaistoelschommel-op-marktplein~af-
546da3/127777806/

SP.6 Playing with water

Hypothesis: cooling element good for 
the public space

Relations

Mitigating effects

Literature: Potz (2016)

Context: cooling playgrounds can foster a social quality to a public space. Next to 
that it is important that the water can cool down citizens. In combination with water storage 
this could be a multi functional option. 

Practical implication:
cost
multifunctional
Implementation speed
ownership

Design principle related

€ € €

€ €
€
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IMAGE FROM:created by author

W.5 Designing for needs

Hypothesis: taking into account the us-
ability of the place can reveal the need for 
heat mitigation

Relations

Mitigating effects

Literature: Sim (2019), Molster (2020)

Context: adapting to the wishes of temporal spatial use can reveal the need for 
transformation of the area. 

Practical implication:
cost
multifunctional
Implementation speed
ownership

Design principle related

IMAGE FROM: retrieved from https://danews.eu/2023/03/31/record-temperatures-ca-
nary-islands/

SP.7 Informing about heat

Hypothesis:  informing people of the 
heat causing behaviour conscience

Relations: SP.8

Mitigating effects

Literature: Bhati (1998)

Context: Informing people about the heat 
in case people will go to the shade

Practical implication:
cost
multifunctional
Implementation speed
ownership

Design principle related

IMAGE FROM: created by Author

SP.8 Drinking water

Hypothesis: facilitating hydratation 
spots causes behaviour conscience 

Relations

Mitigating effects

Literature: Bhati (1998)

Context:  providing water tap points can people determine theirselves if they are in 

need of hydratation. This will qualify as a good public space. 

Practical implication:
cost
multifunctional
implementation speed
ownership

Design principle related

IMAGE FROM: created by Author

W.6 Safe crossings

Hypothesis:improving the waiting time 
for pedestrains

Relations

Mitigating effects

Literature: Molster (2020)

Context: Safe pedestrian crossings will help people not to wait too long in the heat. 

Practical implication:
cost
multifunctional
Implementation speed
ownership

Design principle related

€

€
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IMAGE FROM: Image taken by Author, London

MH.16 Creating sheds

Hypothesis:  people can easily adapt 
their climate conditions

Relations: MH.18

Mitigating effects

Literature: Lenzholzer (2018) van Tuil en Ber-
gevoet (2024) 

Context: creating sheds will have a positive effect of belongness of the place. 
However, ownership and accountability is very important to let it function as a continu-
ous element over a pedestrain area. It is fast implemented when necessary. 

Practical implication:
cost
multifunctional
Implementation speed
ownership

Design principle related

IMAGE FROM: Image created by Author

MH.17 H/W ratio

Hypothesis: being aware of the current 
H/W ratio can influence the design deci-
sion

Relations: MH.18

Mitigating effects

Literature: Marjolein van Esch (2015)

Context: This is one of the factors determining if the solution for climate adaptive-
ness ought to be mitigated by adding extra building levels or either seek solutions in the street 
level. 

Practical implication:
cost				    -
multifunctional		  -
Implementation speed	 -
ownerhsip

Design principle related

IMAGE FROM: created by Author

MH.18 Designing with the sun

Hypothesis: 12:00 causes different shad-
ow patterns then 15:00 shadows

Relations

Mitigating effects

Literature: Matzarakis& Amelung (2018)

Context: Mitigating heat could be done by designing with the sun, this will influence 
the shortwave and longwave implementations. 

Practical implication:
cost				    -
multifunctional		  -
Implementation speed	 -
ownership 			   -

Design principle related

IMAGE FROM: created by Author

MH.19 Designing for the wind

Hypothesis: east west street require 
wind flow options for convection

Relations

Mitigating effects

Literature: Matzarakis& Amelung (2018)

Context: Designing with the wind will improve the latent heat flux. More frequently 
the wind will flow from east to west during hot warm days. 

Practical implication:
cost				    -
multifunctional		  -
Implementation speed	 -
ownership	 		  -

Design principle related

€
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IMAGE FROM: created by Author

MH.20 Designing for evaporative surfaces

Hypothesis: evaporative materials will 
mitigate heat

Relations

Mitigating effects

Literature: Matzarakis& Amelung (2018)

Context: designing with evaporative surfaces causes a lower bowen ratio which 
describes the heat transfer of the latent and sensible heat flux. 

Practical implication:
cost				    -
multifunctional		  -
Implementation speed	 -
ownership			   -

Design principle related

IMAGE FROM: created by Author

W.8 Clustering traffic

Hypothesis: clustering traffic will create 
traffic safety to pass through as a pedes-
train

Relations

Mitigating effects

Literature: Molster (2020)

Context: clustering traffic will create a more traffic safe environment. If it is created 
with the safe crossings this has the potential to be a pleasant walkable space. 

Practical implication:
cost				    -
multifunctional		  -
Implementation speed	 -
ownership			   -

Design principle related

IMAGE FROM:Amores et al. (2022) Study of bioclimatic shading strategies in
Seville: Habitability in open public spacesTeresa Rocío Palomo Amores a, María del Carmen 
Guerrero Delgado a, Daniel Castro Medina a, Alberto
Cerezo Narváez a, José Sánchez Ramos a, Servando Álvarez Domínguez a.

MH.21 Impermanent shading structure

Hypothesis:shading element as semi per-
manent

Relations: MH.18

Mitigating effects

Literature: Amores et al. (2022)

Context:  By introducing a flexible character for heat mitigation measures, these 
transient shading structures could be covered with planted greenery. Whilst greenery takes 
time to grow, this could be implemented quite quickly.

Practical implication:
cost
multifunctional
Implementation speed
ownership	 			 

Design principle related

€

IMAGE FROM: taken by Author, London

W7. Accessible green

Hypothesis: making sure that greenery is 
accessible to everyone

Relations: MH.18

Mitigating effects

Literature: HVA (2018)

Context:  By using accessible greenery as a public space measure, people will have 
access to cooling places. 

Practical implication:
cost
multifunctional
implementation speed
ownership

Design principle related

€
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IMAGE FROM: created by Author

IMAGE FROM: created by Author

IMAGE FROM:Image from Gehl (2011) page 11

SP.10 Human scale public spaces

SP.11 Wind optimized squares

SP.12 Optional activities

Hypothesis: public spaces with 20-25 me-
tres distances are perceived as social spaces

Hypothesis: A place to stay and not to be 
blown away

Hypothesis: A place which offers optional 
activities has a residual better public space

Relations

Relations

Relations

Mitigating effects

Mitigating effects

Mitigating effects

Literature: Gehl (2011)

Literature: Lenzholzer (2018)

Literature: Gehl (2011)

Context: It is only at a distance of 20 to 25 metres that the feelings and moods of 
others can be perceived relatively clearly. In his elaboration of the relationship between the 

scale and intensity of a place and closeness and warmth, and therefore more of a social space.

Practical implication:
cost				    -
multifunctional		  -
Implementation speed	 -
ownership			   -

Context: “with the forumala: square surface / average height of surrounding build-
ings x 2 =< 6 counts as a good wind optimised square. Also an opening should not exceed 25 
percent of the square perimeter “ by Lenzholzer (2018) (p 184)

Practical implication:
cost				    -
multifunctional		  -
Implementation speed	 -
ownership			   -

Context: a place with optional activities next to the necessary activities 

will be used all year round and have a better public space 

Practical implication:
cost				    -
multifunctional		  -
Implementation speed	 -
ownership			   -

Design principle related

Design principle related

Design principle related

IMAGE FROM: taken by Author, London

SP.13 Restorative points

Hypothesis: creating resorative points 
along the way

Relations: MH.18
Literature: HVA (2018)

Context:  By using accessible greenery as a public space measure, people will have 
access to cooling places. 

Practical implication:
cost
multifunctional
implementation speed
ownership

Design principle related

€

quality of the physical environment

resultant of activities 
(social activities)

poor good

necessary activities

optional activities
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Appendix B. shadow

Shadow street segments zonal statistics segment with 
shadow

9:00

12:00

15:00

18:00

0.8 - 1
0.6 - 0.8
0.4 - 0.6
0.2 - 0.4
0.0 - 0.2

0.8 - 1
0.6 - 0.8
0.4 - 0.6
0.2 - 0.4
0.0 - 0.2

0.8 - 1
0.6 - 0.8
0.4 - 0.6
0.2 - 0.4
0.0 - 0.2

0.8 - 1
0.6 - 0.8
0.4 - 0.6
0.2 - 0.4
0.0 - 0.2
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0.8 - 1
0.6 - 0.8
0.4 - 0.6
0.2 - 0.4
0.0 - 0.2

0.8 - 1
0.6 - 0.8
0.4 - 0.6
0.2 - 0.4
0.0 - 0.2

0.8 - 1
0.6 - 0.8
0.4 - 0.6
0.2 - 0.4
0.0 - 0.2

Shadow public space segments zonal statistics area 
with shadow
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0.8 - 1
0.6 - 0.8
0.4 - 0.6
0.2 - 0.4
0.0 - 0.2

0.8 - 1
0.6 - 0.8
0.4 - 0.6
0.2 - 0.4
0.0 - 0.2

0.8 - 1
0.6 - 0.8
0.4 - 0.6
0.2 - 0.4
0.0 - 0.2

0.6 - 0.8
0.4 - 0.6
0.2 - 0.4
0.0 - 0.2
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Legend
NDVI 

0

0.16

0.52

Appendix C. NDVI and trees
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Appendix D. Attraction betweeness 
destinations

Visserijplein markt attraction betweeness

Playground park 1943 Dakpark Park 1943

Park 1943 attraction betweeness Bospolderplein attraction betweeness
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Appendix E. costs mitigating measures
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Legend

      functions
	

source: sbi_infra rotterdam bomen 

Fig. X Inventory of tree species available in the neighbourhood of Bospolder Tussendijken with the se-
lection of good heat mitigating trees selected by Hiemstra (2021) 

Appendix F. Tree species and their potential

By studying the tree species applicable 
to the neighbourhood and their current 
presence, it was possible to investigate 
which trees should be used. Also, with the 
inventory of the potential heights of the 
trees by consulting the ‘City trees Vademe-
cum’ (Janson, 1994) with Hiemstra (2021), 
the tree species for proper heat mitigation 
was shown that the Prinus avium, Platanus 
acerifolia and Fagus sylvetica were the 
most favourable. Van Loon (2016) states 
that the growth of the tree depends on 
the space it is given to grow with the 
roots of the tree, which should be equal to 
the crown size of the mature tree itself. 
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Parcs attraction distance 500m Playgrounds attraction distance 500mMarket attraction distance 500 m

0 250 500 1000m

Appendix G. Attraction distance 500 m

Generated by PST tool attraction be-
tweeness feature. By highlighting the line 
segments there is a better overview of the 
reached service area instead of the raster 
representation. 
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Appendix H. costs mitigating measures
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warm day inaccessible for target group

accessible at warm day

summer day 9:00 inaccessible

summer day 12:00 inaccessible

summer day 12:00 inaccessible elderly

summer day 9:00 inaccessible elderly

park playyard market

weekly market

Legend

hiking for fun

recreation

80

90

100%

18:009:00
12:00
15:00

playyard

recreation - park
weekly marketplayyard

conclusion raster cumsum
Appendix I. conclusion drawings inac-
cessibility 
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	 moderately coarse sand
	 fine sand
	 clay
	 peat

Legend

      functions

Spanjaardstraat crossing

N

Appendix J. provisional design for 
spanjaardstraat, visserijplein green 
solution

SP.10 SP.11 SP.12SP.6 SP.8SP.7W.5

Fig. 6.17 maximalisation green solution axonometric Visserijplein. Created by Author
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Juntion neighbourhood importance span-
jaardstraat and economically viable Schie-
damseweg. 

Spanjaardstraat, 
Schiedamseweg crossing
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INCLUSION: Vulnerable groups

source: cbs 2022

   
	 20-30% 45-65 year 
	 10-20% 65+ year
	 20-30% 65+ year
	 20-30% 65+ year

INCLUSION: average householdsize

Legend

      functions
	 0.0-1.5
	 1.5-2.5
	 2.5-5.0

Bospolder and Tussendijken are vibrant 
residential areas that encompass a 
diverse population, spanning various 
age groups. Within the district, you 
can find housing options that cater to 
both young and elderly residents. For 
instance, with locations like de Schans, 
Gijsingflats, Robijn, and Diamant, 
there is a relatively significant amount 
of housing designed for seniors. 
Simultaneously, the area is home to 
many (single-parent) families, and 

nearly 20% of the population is under 
15 years of age.  
The common trend of elderly housing 
is retirement homes are not dominant 
anymore, this is stated by the 
governmental decision of “Langer thuis“ 
program (“Staying as long as possible 
at home“(Ministry and public health, 
welfare and sport, 2018). This trend is 
also captured by PBL (2016).

Social liveability: Socio demographic 
locations

Legend

      functions
 
	 10-20% 0-15 year
	 20-30% 0-15 year
	100 m 200 m 500 m
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Appendix K. social liveability and 
consequences
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Appendix L. Temperature in year 2015

Chapter 2 | Current climate liveability of Bospolder Tussendijken| 
Rotterdam weather station 2023
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Fig. 6.9 solar exposure on street type H/W ratio and orientation from Lenzholzer (2018) (page 86) 
with design decisions Fig. 6.11 solar exposure on street type H/W ratio and orientation from Lenzholzer (2018) (page 86) 

with design decisions

Fig. 6.12 solar exposure on street type H/W ratio and orientation from Lenzholzer (2018) (page 86) 
with design decisions 

Fig. 6.10 solar exposure on street type H/W ratio and orientation from Lenzholzer (2018) (page 86) 
with design decisions

H/W ratio

or
ie

nt
at

io
n

North East South West oriented streets North East South West oriented streets

MH.11

Sm
al

l p
ar

k

MH.11

Sm
al

l p
ar

k

MH.11

Sm
al

l p
ar

k

MH.11

Sm
al

l p
ar

k

Chapter 6 | Intervention - towards a  public space health resilient network design Chapter 6 | Intervention - towards a  public space health resilient network design 

Fig. 6.2 Example of pattern language card

Fig. 6.3 Design decision flowchart streets. 
Created by Author

Appendix M. Street orientation
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Appendix N. Rosenier Faasenstraat

In this area, the community is considering 
a project to transform the local street, 
Bospolderplein, by involving residents and 
removing some of the parking spaces. The 
plan is to start by removing pavement from 
some of the parking spots to make room 
for trees to grow. Additionally, planters 
may be placed in some areas to give 
neighbors control over the public space 
and provide a functional purpose. Most 

of the housing in the area is owned 
by social housing corporations, which 
means that residents could collectively 
maintain the planters. Eventually, the 
goal is to replace all the parking spots 
with green spaces in the long term. 
Furthermore, the plan includes depaving 
all the front gardens in the area.
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Fig. 6.31 Axonometric Rosenier Faasenstraat Fig. 6.32 Visual Rosenier Faasenstraat

Fig. 6.33 Street decision flowchart. Created by Author








