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Abstract
People are increasingly moving to cities for pursuing 
new opportunities and better quality of living and 
working environment. It is estimated that by 2050 
almost 70% of the world population will live in cities 
(United Nations, 2014). Meanwhile cities are constantly 
undergoing changes in response to the processes of 
deindustrialisation, urbanisation and ongoing global 
warming. Climate change raises environmental issues such 
as urban heat island that affects human health and well-
being. Re-development of harbour sites into new living 
and working areas is a well-known example for urban 
densification worldwide. Therefore, the challenge for 
landscape architects and urban planners today is to deal 
with the heat stress associated with climate change and 
urbanisation by developing thermally comfortable and 
attractive streetscapes in harbour areas to ensure health 
and well-being of new citizens.

Urban vegetation positively affects people’s perceived 
thermal comfort and at the same time enhances 
aesthetic appreciation of outdoor spaces. Earlier studies 
demonstrated improved perceived thermal comfort 
through vegetation elements like trees and front gardens 
in residential streets (Klemm et al., 2015b). The spatial 
context of a harbour area, yet has not been the focus of a 
study. However, landscape architects need to know how 
to optimally re-design streetscapes by means of street 
greenery in order to improve perceived outdoor thermal 
comfort and attractiveness in harbour areas.

This thesis aims to develop empirical-based design 
guidelines for thermally comfortable and attractive 
streetscapes in harbour contexts. To reach that aim, 
questionnaire study in the form of online and face-to-
face surveys were applied to investigate the impacts 
of different types of street greenery on people’s long-
term thermal perception and aesthetic appreciation. 
The questionnaire surveys were conducted in the city 
of Rotterdam, the Netherlands, in 2014. Within four 
harbour functional zones (port-industrial; new business; 
residential; residential waterfront) four alternatives of 
greenery types (no vegetation, ground vegetation, wall 
vegetation, trees) were visually evaluated by local people 
(N=106). Survey data was analysed by using descriptive 
statistics (i.e. Borda count) and qualitative content analysis 
methods (i.e. thematic coding and categorising).

The research findings indicate a positive impact of street 
greenery on long-term thermal comfort and attractiveness 
in a harbour area, which is in line with earlier studies. 
From all investigated greenery types, ‘trees’ was top-
ranked for improving perceived thermal comfort (mean 
3.84) and attractiveness (mean 3.68) on a scale range 
of 1-4; whereas ‘no vegetation’ in all zones was ranked 
lowest. ‘Ground and low-height vegetation’ and ‘wall 
vegetation’ was evaluated similarly for both aspects. 

Based on the survey results, it is recommend to use 
different types of street greenery, especially trees 
combined with other green elements, to design the 
streetscapes according to harbour functional zone.
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The results show that in port-industrial area and 
residential waterfront survey respondents valued ‘open 
views’ and ‘harbour characters’ with limited paved 
surfaces through ground and low-height vegetation; whilst 
trees can be used for visual screening to mask unpleasant 
industrial scenes. In new business area green walls and 
green façades should be implemented to create ‘modern, 
colourful and inviting’ atmosphere which is considered 
as attractive and suitable for a business district. The 
combination of large trees and flowers should be applied 
to diversify the residential areas that enhances thermal 
comfort and attractiveness of the neighbourhood.

The results of this thesis support landscape architects and 
urban planners to plan suitable types of street greenery 
within various harbour functional zones. By applying 
the design guidelines in former harbour contexts new 
living and working areas with thermally comfortable 
and attractive streetscapes can be created. That way, we 
contribute to the redevelopment of harbour areas being 
converted into more liveable urban environments in 
growing cities.
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1
Introduction



Overview

This chapter is divided into four sections in order to give an overview of the subject and provide background knowledge 
which is essential before entering the main chapters. 
Section 1 describes the general research context on a broader scale, what is happening in contemporary cities worldwide 
and what are the environmental challenges we, as a landscape architect as well as the city dweller, may encounter in the 
near future. Section 2 focuses on the negative impacts of heat stress on the development of cities and particularly in the 
harbour area. It covers issues concerned with outdoor thermal comfort and attractiveness. Furthermore, the problems 
associated with urban heat island in Dutch context are briefly depicted in this section. Section 3 outlines the framework 
of this research with the identification of knowledge gap, definition of research objective and corresponding research 
questions. Section 4 presents the methodology and states how the research was undertaken. Besides, the case study area 
and target audience are addressed to explain how this thesis related to the real world and contribute to ongoing urban 
plans.
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1.1      Research Context

1.1.1   Post-industrial urban development in 
contemporary world port cities
The redevelopment of harbour area is a common 
phenomenon in port cities around the world. Cities 
historically have been built close to the water for 
t ransportat ion and connect iv i ty  purposes ,  and 
consequently port industries were developed and became 
the pillar of local economy. However, due to the migration 
of port activities and economic restructure. Many spaces 
left unused in the harbour areas, so-called spatial leftovers 
from the traditional heavy industry in the late 19th and 
20th centuries which deteriorates environmental quality.  

In response to deindustrialisation since the beginning of 
the 21st century and the increase in urban population, 
those former harbour sites are developing as new living 
and working areas with great potential. 
Today, many port cities are experiencing transition 
from industrial to post-industrial times; the former is 
concentrate on function-oriented expansion of harbours 
to support economic growth, the latter is focus on mixed-
use development of different urban functions to keep 
balance between living and working environments, and 
in the meantime to ensure the environmental quality. 
The new developments take geographic advantage of the 
harbour areas and often tend to build attractive housing 
and call for new forms of business, especially high-
tech production and environment-friendly companies. 
This opens up opportunities for creating innovative and 
healthy cities that interests landscape architects, urban 
planners, business investors, high-skilled workers, and city 
dwellers. 

Figure 1.1 Redevelopment of former port area for new city district; 
HafenCity Hamburg, Germany (Photo credit: KCAP Architects & Planners)

Figure 1.2 From industrial area to sustainable city; Western Harbour 
Malmö, Sweden (Photo credit: http://ecocitylab.org/)
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1.1.2   Shift towards climate-adaptive cities
Cities contribute to its own climate and at the same 
time affected by the climatic conditions. The interaction 
between cities and climate is crucial for citizens’ health 
and well-being since it influences how people use public 
spaces and experience the weather (Kleerekoper et al., 
2012; Nikolopoulou & Lykoudis, 2006).

Most of the cities are confronted with environmental 
issues relating to climate change. Approximately 70% 
of the largest and most populated cities in Europe are 
located in the coastal zones and have areas that are 
vulnerable to weather and climate extremes such as 
flooding and heat waves (World Bank, 2010).

Climate change affects the quality of life in cities both 
directly and indirectly through the presence of extreme 
weather events. For example, the occurrence of weather-
related natural disasters cause environmental damages 
and have negative effects on energy consumption; 
whilst the unpleasant weather conditions put human 
and ecological health at risk as well as hinder urban 
development (Moonen et al., 2012; Eliasson, 2000). 
Therefore, for landscape architects and urban planners 
today, the primary task is to design cities that are more 
adaptable to climate change and less vulnerable to 
the threat of extreme weather events. Also, cities with 
comfortable climate supports the development of healthy 
and enjoyable urban environments.

1.1.3   Vegetation as an instrument for designing a 
comfortable urban street
Urban vegetation has been proved that positively affects 
pedestrians’ thermal comfort (Klemm et al., 2015ab; 
Bowler et al, 2010; Dimoudi & Nikolopoulou, 2003; 
Shashua-Bar & Hoffman, 2000) and at the same time 
enhances people’s aesthetical appreciation of outdoor 
spaces (Klemm et al., 2015ab; Qin et al., 2013; Lafortezza 
et al., 2009; Smardon, 1988; Smardon, 1988; Ulrich, 
1986). Besides, vegetation is a relatively feasible measure 
to improve comfort conditions and aesthetic experience 
in terms of cost and flexibility in adapting to existing built 
environment (Gill et al., 2007; Smardon, 1988). Hence, 
vegetation has a significant role to play in urban planning 
process and widely applied as a potential instrument 
for developing thermally comfortable and attractive 
streetscapes. 

Figure 1.3 Using street trees and vegetation in the design of urban 
streets and pedestrian areas; Downtown Seattle, Washington, USA 
(Photo credit: http://www.seattle.gov/)
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1.2      Problem Statement

Climate change is a fact of life in our world. Extreme heat 
associated with climate change is giving rise to worldwide 
concern, which is an urgent issue that exists in most of 
the modern cites and directly affects humans and the 
environment in many ways. This research focuses on 
heat-related problems which are threatening the quality 
of people’s life. Thus the following sections define the 
problems with respect to outdoor human thermal comfort 
and attractiveness of urban streets, particularly in harbour 
areas.

1.2.1   Heat stress in port cities
Global warming refers to the rise in average surface 
temperature on earth, which is the most pressing issues 
related to recent climate change. The warming effect 
emerged in urban areas vary according to land use and 
built form, which is a hazard to city dwellers’ daily life. As 
Monsalves-Gavilan et al. (2013) described climate change 
as “a global phenomenon with local consequences”.

Cities suffer from higher temperature in densely 
developed urban areas due to large impervious surface 
covers in the form of roofing and paving and intensive 
human activities (Rizwan et al., 2008). For instance, the 
temperature differences between urban areas such as 
the city centre and industrial harbour sites and the non-
urbanized surroundings can be as much as 12°C (EPA, 
2008a; Eliasson, 2000), especially under calm (wind) 
and clear (sky) weather conditions at night time. This 
phenomenon is commonly known as urban heat island 
(UHI) (Figure 1.4). 
Solar radiation and anthropogenic heat are the main 
causes of urban heat island, both heat the city up 
directly and indirectly. Solar radiation relates to short-
wave radiation from direct sunlight that contributes to 
environmental warming. In the meanwhile the urban 
surfaces such as building and street materials with 
different thermal properties absorb the heat during the 
day and release it back to the atmosphere at night, so-
called long-wave radiation which refers to thermal storage 
(EPA, 2008a; Rizwan et al., 2008).

Figure 1.4 Urban heat island during the day and night 
(Adapted from EPA, 2008a) 
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Anthropogenic heat sources are the heat generated 
by human activities such as transportation, energy 
consumption by using heating or cooling facilities, and 
industries (Kleerekoper et al., 2012; Rizwan et al., 2008). 
These activities are closely related to urbanization and 
socio-economic development that plays a significant role 
in intensifying of urban heat island (Grimmond, 2011; 
Hurk et al., 2006) (Figure 1.5).

In consequence, the city centre is usually reported has 
the highest surface temperature as well as the industrial 
harbour sites tends to have higher temperature than the 
other urban locations (Rinner & Hussain, 2011; Rizwan et 
al., 2008). For instance, the results from a German study 
revealed that anthropogenic heat emitted from highly 
industrialized and populated Ruhr region has a permanent 

warming effect on the air over land areas ranging 
from 0.15°C up to 0.5°C (Block et al., 2004; cited by 
Kleerekoper, L., 2011). Also, a study conducted in the city 
of Chicago concluded that industrial areas are vulnerable 
to heat stress due to it has the highest percentages of 
roofed surfaces and relatively dense pavement layers, yet 
the lowest vegetative land covers (Gray et al., 1999).

Figure 1.5 Heat sources and reflections inside urban canyons that 
cause urban heat island (Adapted from EPA, 2008a)
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1.2.2   Urban heat island in the Netherlands
The phenomenon of urban heat island (UHI) was less 
noticeable in Dutch cities during the past decades for 
the reason that the Netherlands is located in temperate 
zone with a mild oceanic climate (Cfb climates according 
to Köppen classification), and thus the impact of 
summertime heat islands was presumed to be minor 
(Steeneveld et al., 2011; Hove et al., 2011a). However, 
until the heat wave during the summer of 2003 hits the 
Netherlands have caused between 1,400 and 2,200 heat-
related deaths, and then in 2006 there are two heat 
waves that led to an excess mortality as compared to 
the average mortality rate of the year without having a 
heat wave (Hove et al., 2011a; RCI, 2010; Garssen et al., 
2005). Besides, the latest summer heat wave occurred in 
2013 (DutchNews.nl, 2013ab). The emergence of extreme 
weather events reveals the fact that the Dutch cities are 
also affected by urban heat island effects as many other 
cities around the world (Figure 1.6).

According to the climate scenario reported by Royal 
Netherlands Meteorological Institute (KNMI) projected 
an increasing frequency of the number of summer days 
(warmer than 20°C) and tropical days (hotter than 30°C) in 
Dutch cities. Warm periods will occur more often and last 
longer in the next decades (Hurk et al., 2006) (Figure 1.7).

1.2.3   Human thermal comfort
Thermal comfort is defined by the American Society of 
Heating, Refrigeration and Air Conditioning (ASHRAE) 
and in British Standard BS EN ISO 7730 as “that condition 
of mind which expresses satisfaction with the thermal 
environment” (Shaharon & Jalaludin, 2012). There is 
a strong correlation between human thermal comfort 
and people’s behaviour in response to the usability 
and attractiveness of outdoor places. However, the 
significance of psychological aspects of outdoor thermal 
comfort is often underestimate. Only recent studies on 
thermal comfort were focused more on mental aspects 
and have demonstrated that physical and psychological 
factors are both important to determine people’s thermal 
perception (Lenzholzer & Koh, 2010; Katzschner, 2004).Figure 1.6 Surface heat island (SHI) effect in Dutch cities during the 

(left) day and (right) night (Klok et al., 2012)

Figure 1.7 Urban heat island effect in 2050 based on the climate 
scenario (Source: Interactive climate atlas; cited by Gemeente 
Rotterdam & RCI., 2013)
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On the one hand, people exposed to excessive heat can 
cause physical illnesses such as rashes, heat convulsions, 
exhaustion and heat strokes that disturb people’s sleep 
and quality of everyday life. This lead to a higher mortality 
rate than the average data, especially among the elderly. 
For example, in the Netherlands, the number of deaths 
raises with 12% during heat waves (Nijhuis et al., 2011). 
On the other hand, the unpleasant bioclimatic conditions 
have adverse effects on individual’s mental state and then 
influence their outdoor activities in terms of attendance 
and behaviour. For instance, people tend to feel less 
desirable to spend their time outside when the weather is 
uncomfortably warm. This could bring urban health issues 
and have an impact on the use of urban public spaces. 
Accordingly, the overuse of air-conditioning for cooling 
inside the buildings will intensify outdoor heat stress.

The perception of bioclimatic comfort is factually more 
relevant to people than the elevated temperature from 
urban heat islands alone (Budd, 2001, 2008; cited by 
Steeneveld et al., 2011; Matzarakis & Amelung 2008). 
This is because the thermal comfort is how people 
experience the weather conditions in reality and it 
directly reflects people’s behavioural reactions to the 
environment. Therefore, thermal comfort is considered as 
one of the most influential factors in governing people’s 
environmental satisfaction (Shaharon & Jalaludin, 2012).

1.2.4   Attractiveness of living and working environment 
in harbour areas
Attractiveness of cities refers to aesthetic appreciation 
and the quality which arouse interest in terms of social, 
economic and environmental aspects. Attractiveness is 
fundamental to design the harbour areas and to create 
high quality living and working environments that 
supports comfortable urban climate and multifunctional 
activities which helps people to develop a healthy 
lifestyle. Also, an attractive harbour area provides ample 
opportunities for local inhabitants and workers as well as 
for business investors in socio-economic terms.

A successful harbour development should be functional 
and aesthetically pleasing in order to attract more people 
for stimulating local growth. However, it is noticeable 
that people are likely to have negative impressions on 
harbour areas due to the large port-industrial complex 
with a general lack of vegetation and spaces for outdoor 
activities, and possibly the uncomfortable thermal 
environment and pollutions caused by intensive port 
activities (Rizwan et al., 2008). As a result, the quality 
and attractiveness of harbour areas are usually hidden 
and being ignored by people. From an urban planner’s 
perspective, urban waterfront is considered as a key 
element with huge potential to develop the port cities and 
greatly adds to the charm of the harbour areas (Daamen 
& Vries, 2012; Kotval & Mullin, 2010; Merckx et al., 2003). 

To sum up, this research attempts to tackle the heat-
related problems by improving human thermal comfort 
and enhance the attractiveness of outdoor spaces with 
respect to people’s environmental enjoyment, aesthetic 
appreciation and local identity in harbour areas. 
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1.3      Research Framework

Setting up a research framework helps to approach the 
research subject and to develop the research in a clear 
sequence. First of all, the knowledge gap is identified, and 
then a research objective and relevant research questions 
are formulated in order to bridge the knowledge gap.

1.3.1   Knowledge gap identification
A review of research on the role of urban vegetation in 
improving thermal comfort and contributing to human 
health revealed several knowledge gaps. Vegetation is 
extensively approved that has the positive effects on 
thermal conditions within the city and human well-being 
through a large number of studies (Bowler et al., 2010; 
Clark et al., 2010; Tzoulas et al., 2007); also, vegetation 
is considered as the most promising instrument for 
urban microclimate improvement in physical as well as 
in psychological terms (Klemm et al., 2015ab; Gill et al., 
2007; Smardon, 1988). However, the practical guidelines 
for street greenery planning and design relating to 
people’s perceived thermal comfort are still lacking.

Most studies investigated the effects of specific green 
elements individually in at least one of the following 
categories: (1) ground vegetation; (2) wall or roof 
vegetation; (3) trees; (4) parks or green areas (Bowler et 
al., 2010). Among the four categories, parks and green 
areas are usually a mixture of ground vegetation and 
trees, which means the green elements are not being 
specified and compared the relative significance before 
putting together to create a green space. 

These studies were generally focused on the amount of 
greenery with the combination of different types of green 
elements (Klemm et al., 2015b; Alexandri & Jones, 2008; 
Velarde et al., 2007; Maas et al., 2006). Hence, the first 
gap is identified as people’s perception of different types 
of street greenery (i.e. ground vegetation, wall vegetation, 
trees) and its effects on perceived thermal comfort and 
attractiveness. The roof vegetation has been excluded 
since the present study focuses on people’s perception 
while roof vegetation are at roof level and thus usually 
less perceivable by pedestrians.

Street canyon configuration (i.e. aspect ratio and 
orientation) is a key factor that influence the performance 
of street greenery and determine how people perceive 
the environment in terms of thermal comfort and 
attractiveness. Most studies were carried out in the 
city centre or residential streets (Klemm et al., 2015b; 
Armson, 2012) because it is frequently used and represent 
the most common street type. However, for the harbour 
development project, the streets in former harbour areas 
are generally wider as a result of previous development. 
In other words, the dimension and spatial characteristics 
are different from regular residential streets and thus 
different planning and design strategies are needed. 
Therefore, the second gap concerns the harbour 
contexts for the investigation of street greenery and its 
contribution to thermally comfortable and attractive 
streetscapes in harbour areas.
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1.3.2   Research objective and research questions
The objective of this research is to generate practical 
design guidelines for thermally comfortable and attractive 
streetscapes in harbour areas considering people’s 
perception of different types of urban vegetation and 
street configuration in harbour contexts.

In order to fulfil the research objective, the main research 
question is formulated as:

What design guidelines for thermally comfortable and 
attractive streetscapes in harbour areas can be generated 
based on people’s perception of street greenery?

For answering the main research question, it is important 
to first identify the different functions and spatial 
characteristics of the street types in harbour contexts 
(sRQ1), and then to investigate what are the physical and 
psychological functions of different vegetation types that 
contributes to thermal comfort (sRQ2) and attractiveness 
(sRQ3) based on the existing body of knowledge for 
new knowledge generation through this study. Finally a 
design question is formed in relation to the application of 
generated design guidelines (DQ1).

[sRQ1]  What are the different functions and typical urban 
typologies applied to harbour redevelopment projects 
and in post-industrial urban plans?

[sRQ2]  What are the contributions of different types of 
vegetation in urban streets to improve perceived thermal 
comfort conditions in different functional zones within a 
harbour area?

[sRQ3]  What are the contributions of different types of 
vegetation in urban streets to enhance attractiveness of 
different functional zones in harbour contexts?

[DQ1]  How can design guidelines be implemented 
on urban streets with different functions and street 
configuration in the Rotterdam harbour areas?

9
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Figure 1.8 Research framework



1.4      Research Design

1.4.1   Philosophical Worldviews 
Worldview is a philosophical term that has been defined 
as “a basic set of beliefs that guide action” (Guba, 1990, p. 
17; cited by Creswell, 2009). By stating the philosophical 
worldviews, it helps to provide a sharp theoretical lens for 
developing the research procedures in a good sequence 
with corresponding methods to conduct this study.

Overall, a pragmatic worldview was applied in the present 
study. Since this research is problem-focused and real-
world practice oriented with a pragmatic lens. Pragmatism 
is strive for integrating the existing knowledge and 
generating applicable solutions to solve the problems 
(Creswell, 2009). By holding a pragmatic worldview, this 
study aims to develop practical design guidelines for 
improving thermal comfort and attractiveness of outdoor 
spaces in harbour areas.

Besides, the social constructivist worldview was involved 
specially in the process of empirical research with people-
centred and experience-oriented approaches. In this 
study, representative sample groups were selected for 
investigating people’s perception of different greenery 
types and its influences on their long-term thermal 
comfort and aesthetic appreciation in harbour contexts. 
The target participants of empirical investigation is the 
population of Rotterdam, as well as the possible future 
users of the case study area in Merwe-Vierhavens (M4H).

Figure 1.9 Research process flowchart
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1.4.2   Research methods
Overall, this research is divided into three parts. 
The first part focuses on defining the most common street 
type with different functions and spatial characteristics 
in harbour contexts that has been widely applied 
to harbour redevelopment plans through literature 
review (sRQ1). The second part is aim at generating 
new knowledge about perceived thermal comfort and 
aesthetic appreciation of outdoor spaces considering 
people’s perception of street greenery by conducting 
empirical surveys with a visual approach in the city of 
Rotterdam (sRQ2 & sRQ3). General design guidelines 
were formulated according to the research findings and 
combined with prior knowledge gained from literature. 
The last part is to put the generated design guidelines into 
practice and to provide practical design recommendations 
for developing the Merwe-Vierhavens in Rotterdam (DQ4).

For each question different methods were applied in order 
to collect required knowledge and data and elaborated as 
follows:

[sRQ1] What are the different functions and typical urban 
typologies applied to harbour redevelopment projects and 
in post-industrial urban plans?
By reviewing the exist ing l i terature on harbour 
transformation, the redevelopment of former harbour 
sites has found a generic pattern, which ‘relies on 
standard urban typologies build in a standard architectural 
language’ (Diedrich, 2013). Also, the different functional 
zones within a harbour context can be generalised on the 
basis of site-specific future zoning plan developed by the 
local municipalities. In this case, the generalisation was 

made based on the transformation scenario for Merwe-
Vierhavens drafted by the municipality of Rotterdam.

[sRQ 2 & 3] What are the contributions of different types 
of vegetation in urban streets to improve perceived 
thermal comfort and attractiveness of different functional 
zones in harbour contexts?
The contribution of different types of urban vegetation 
to perceived thermal comfort and attractiveness 
was investigated by means of literature review and 
questionnaire study in the form of online and face-to-face 
surveys.

For investigating people’s perception of street greenery 
in relation to outdoor thermal comfort (sRQ2) and 
attractiveness (sRQ3) of urban streets, people were asked 
to evaluate different types of urban vegetation in harbour 
contexts separately during questionnaire survey (see 
chapter 3 for detailed explanation of the questionnaire 
design methods). It is clear that people’s environmental 
perception involves multi-sensory stimulation, however, it 
is largely visually dominated especially in outdoor spaces 
(Carmona, 2010; Velarde et al., 2007). Accordingly, the 
questionnaire was designed in a visual approach and the 
visualisation was made by using Adobe Photoshop.

[DQ1] How can design guidelines be implemented 
on urban streets with different functions and street 
configuration in the Rotterdam harbour areas?
General design guidelines will be generated based on 
the results of questionnaire surveys, and practical design 
recommendations will be summarised into one table 
according to harbour functional zone with clearly defined 

12

In
tr

od
uc

tio
n



spatial characteristics for the application in actual practice. 
The design guidelines will then be applied to several 
sample streets within Merwe-Vierhavens area which 
represents different functions and spatial configuration 
for detailed design by taking the existing situations into 
account. 

To conclude,  this  study attempts to accumulate 
experience-based data on the effect of people’s 
perception of different greenery types on perceived 
thermal comfort and attractiveness of outdoor spaces 
in harbour contexts by means of visual questionnaire 
surveys; and to link the research findings with existing 
body of knowledge through literature study in order to 
develop empirical-based and applicable design guidelines 
for thermally comfortable and attractive streetscapes in 
harbour areas.

1.4.3   The relationship between research and design
Research is regarded as an essential component of 
responsible planning and design process with the raising 
awareness of various issues such as social responsibility, 
human health and well-being, sustainability, and 
environmental responsiveness. The role of research 
is defined as the “development of criteria for concept 
evaluation” and “general rules for application during 
design” (Milburn et al., 2003). This is consistent with 
the objective of this study which is to generate design 
guidelines for thermally comfortable and attractive 
streetscapes in the harbour area by evaluating the 
performance of different types of street greenery.

The relationship between research and design in the 
present study is defined as “research through designing” 
(Lenzholzer et al., 2013), which research and design are 
closely interwoven for knowledge production.

On the one hand, the research involve design activity 
by developing different alternatives in the design of 
visualisation images used in the questionnaire in order 
to collect empirical data. The alternatives include the 
modification of general background images for the four 
harbour functional zones and the design of different 
greenery types (see chapter 3.1.1 under the subtitle 
of ‘visual stimuli’). The process of developing the 
visualisation images for the questionnaire is shown in 
Appendix I, followed by Appendix II which shows the final 
version of the questionnaire with the four series of 16 
visualisation images.
One the other hand, the concept-test model (Figure 1.10) 
was employed in developing design guidelines which 
strictly based on the research outcomes derived from 
questionnaire results to support a responsible design. 
Schön (1963 & 1988) proposed that “the creation of new 
design concepts involves the projection of old ideas to new 
problems, followed by the assessment and alteration of 
the ideas to allow for situational differences” (Milburn et 
al., 2003).

Figure 1.10 The concept-test model: testing a series of concepts on 
the design problem, modifying one or more of them for finding the 
most suitable options and identifying a general preference as solution 
for the problem (Milburn et al., 2003)
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In the present study, people were asked to assess 
different types of street greenery within four harbour 
functional zones according to their long-term experience. 
This evaluation process tests different alternatives and 
generalises individual’s preferences of different greenery 
types and its effects on perceived thermal comfort and 
attractiveness of streetscapes in harbour contexts. By 
making use of these empirical knowledge applicable 
design guidelines can be generated.

In short, the approach “research through designing” of 
this study reflect on the designing process of the visual 
questionnaire as well as the development of design 
guidelines.

A systematic model (Figure 1.11) is used to express 
this interrelation as research play a significant role in 
shaping design concepts, and the design integrated the 
research findings to generate solutions for site-specific 
problem-solving. In this study, the research product will 
be developed in the form of design guidelines for tackling 
heat-related problems with relation to perceived thermal 
comfort and attractiveness of outdoor spaces in harbour 
contexts. This process can be summarised as “problems 
are identified, standard solutions are applied, and the 
problem is resolved” (Milburn et al., 2003); which reflects 
the pragmatic worldview to carry out this study.

1.4.4   Case study area
Rotterdam is selected as the main study area for empirical 
research and Merwe-Vierhavens (M4H) is where the 
research outcomes will be implemented (Figure 1.12). 

Rotterdam is well known for its port and as one of 
the largest ports in Europe, the city of Rotterdam are 
facing environmental challenges like many other world’s 
major port cities due to the shifts of economic activity, 
urbanisation, and climate change. As a result, many 
harbour sites within the city are undergoing a process 
of transformation. The municipality has embarked on 
a harbour revitalisation project named ‘Stadshavens 
Rotterdam’ in collaboration with the port authority to 
transform several harbour sites into mixed-use urban 
areas and to develop a symbiotic relationship between 
city and port that they can flourish together. 

Figure 1.11 The systematic model: the research (triangular forms) 
determines the concept (oval), and the concept is a tool for 
transmitting the integrated complexities of the site (rectangle) 
(Milburn et al., 2003)

Figure 1.12 Study area (including Schiedam and Capelle aan den Ijssel); 
the yellow box indicates the location of Merwe-Vierhavens area
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M4H is one of the focus areas of this project and the 
municipality aims to create high quality living and working 
environments that attracts people. More information 
about Stadshavens project and the case study M4H area 
are illustrated in chapter 5.1.

Rotterdam is confronting urban heat island (Figure 1.13), 
the temperature difference of more than 7°C were found 
between urban and rural areas at night (Nijhuis et al., 
2011). The results of a study on UHI intensity of Dutch 
cities at street level reveals that most of the Dutch cities 
are subject to heat stress for about 7 days per year; whilst 
Rotterdam suffers from heat stress for about 15 days 
per year. This shows a higher frequency of nocturnal UHI 
in Rotterdam and the city is in urgent need of solutions 
(Heusinkveld et al., 2012; Steeneveld et al., 2011). 

Regarding outdoor thermal comfort which relates to air 
temperature within street canyons, a measurement was 
carried out in the city of Rotterdam (Figure 1.14) and 
the results were calculated into Physiological equivalent 
temperature (PET) as thermal index to investigate people’s 
comfort conditions.

In Rotterdam, the highest PET values are occurred in parts 
of the city centre and the surrounding neighbourhoods, 
northwest industrial areas where M4H situated, and the 
urban area on south bank of river Nieuwe Maas (Figure 
1.15) (Hove et al., 2011b). 

In consequence, Rotterdam is suitable for investigating 
urban heat islands associated with thermal comfort and 
attractiveness of outdoor spaces in harbour contexts.

Figure 1.13 Average surface temperature in Rotterdam (Klok et al., 2009)

Figure 1.14 Air temperature in the urban canopy layer in Rotterdam 
(Hove et al., 2011b)

Figure 1.15 Physiological equivalent temperature (PET) in Rotterdam; 
calculated from the results of Figure 1.11 (Hove et al., 2011b)
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1.4.5   Relevance and target audience
This thesis is undertaken as part of the research study for 
the transformation of Merwe-Vierhavens (M4H) under 
the major project “Stadshavens Rotterdam” launched by 
the municipality of Rotterdam. 

This study investigated how to create thermally 
comfortable and attractive streetscapes in harbour areas 
by using different types of street greenery. The research 
outcomes could be used in ongoing projects, especially for 
M4H area, and contributed as an example of street design 
for harbour redevelopment plans in Dutch context. 

Furthermore, the general design guide-lines can be 
applied to other port cities under similar circumstances. 
This helps to enlarge the applicability of the research 
outcomes and extend the research subject. Therefore, 
this thesis could be interested for the municipality 
of Rotterdam, landscape architects, urban designers, 
planners and developers.
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2
Theoretical 

Background



Overview

This chapter demonstrates the essential knowledge required to answer the research questions. 
First, the development of harbour areas in the port city is fundamental to understand the contexts and to observe the 
generic formula for harbour redevelopment. Second, it is important to explore urban heat island and thermal comfort in 
order to define study scale, to improve thermal environments and deal with heat-related problems. Third, the thermal 
benefits and aesthetic values of urban vegetation were specified according to greenery type. In this way, it helps in 
understanding the physical functions and psychological effects of urban vegetation. Last but not least, the effects of urban 
built environment on the performance of vegetation in improving thermal comfort within street canyons is closely related 
to the development of practical design guidelines. 

The prior knowledge and scientific evidences are necessary to support the research and to be integrated with the collected 
data through this study for developing reliable and responsible design guidelines (new knowledge generation).
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2.1      The Concept of Urban Waterfront Regeneration 
and Harbour Redevelopment

2.1.1   Port-city interface
Port-city interface is defined as "waterfront zones in which 
the geography of the port and its city meet each other" 
(Daamen & Vries, 2012). Traditionally, many ports were 
located within the urban area due to economic activities. 
In consequence, the relationship between port and city 
has been closely tied to one another geographically 
and functionally. According to Hayuth (1982), the port-
city interface is shaped by spatial system and ecological 
system. The former reflects land-use structures and 
functional l inkages; the latter is concerned with 
environmental qualities and aesthetic values. And both 
systems have a correlation with economic system at the 
core of port city activities (Hoyle, 1989; Hayuth, 1982). As 
a result, urban waterfront have been used as vehicles for 
attracting new investments and facilitating the harbour 
redevelopment and post-industrial urban plans. 

Today, many spaces left vacant by abandoned warehouses 
and disused harbour operations have been turned into 
housing and non-port related uses such as cultural 
and recreational investments, which provides ample 
opportunities for creating attractive living and working 
environment. However, that is not to say that all the 
port activities will be replaced by urban functions, the 
integration of port and urban functions that reinforce 
each other is more significant for long-term development.

According to Hoyle (1989), the development of urban 
waterfront is not only depends on technology and 
economic trends but also on public awareness of 
environmental issues. He summarised stages in the 
evolution of the port-city interface in chronological 
sequences (Table 2.1), which is in parallel with Toffler’s 
(1980) three waves of port-city development, namely 
"value-added labour", "value-added production", and 
"value-added service" (Huang et al., 2011). With all 
these processes lead to the current stage of waterfront 
regeneration and harbour redevelopment.

Table 2.1 The evolution of the port-city interface (Hoyle, 1989)
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2.1.2   Common development orientations 
"The port-city interface has taken the form of an active 
urban expansion over the port area" (Malezieux, 1997; 
cited by Bazan-Lopes, 2001), which means the city is 
expanding towards the waterfront at a lively pace in order 
to relieve the pressure on urban population growth and 
the demand of quality outdoor spaces for public life; while 
the development of port is relatively slowing down due to 
the retreat of port activities and the economic restructure 
(Wiegmans & Louw, 2011; Merckx et al., 2003). 

It has been observed that the redevelopment of harbour 
areas seems nearly the same in port cities around the 
world both programmatically and formally, regardless of 
the huge differences in geographical, social and historical 
backgrounds. Therefore, the common development 
orientations of transforming the former harbour areas 
into mixed-use urban area were generalised and described 
as "the global problem of harbour transformation has 
generated a global solution" (Diedrich, 2013). 
Common development orientations refers to the widely 
accepted models of development derived from the 
knowledge shared in particular context. The derelict 
spaces are often developed and built with generic 
patterns so that the models can be adapted to diverse 
contexts and applied to different cities (Diedrich, 2013; 
Daamen & Vries, 2012; Merckx et al., 2003). 

These standard development projects are usually in a 
mixture of new and old based on the existing urban fabric 
and associated with the functional adaptation of former 
harbour areas. 

This process frequently involves the newly built 
constructions such as new houses, office complexes, 
shops, parks, cultural and leisure facilities (Figure 2.1); 
and the historical buildings and harbour elements such as 
warehouses, a preserved old crane, a smokestack, and a 
historic façade (Figure 2.2) (Diedrich, 2013; Wiegmans & 
Louw, 2011; Włodarczyk, 2011; Huang et al., 2011; Merckx 
et al., 2003; Bazan-Lopes, 2001).

Figure 2.1 The new architecture for business, commercial, residential 
and cultural etc. non-port related functions (Diedrich, 2013)
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Moreover, Bazan-Lopes (2001) depicted the different 
functions as potential and applicable alternatives for 
the urban waterfront and harbour development, which 
are cultural activities (e.g. thematic parks, sailing ports, 
artistic markets, university buildings), public spaces 
(e.g. promenades, parks), specific productive sites (e.g. 
technological and science parks), high-specialised services 
(e.g. media locations, multinational centres) and mixed-
income residences.

To sum up, the land-use structures has changed and 
the traditional port functions such as transportation, 
storage, loading and unloading has largely taken over 
by post-industrial, business, commercial, residential, 
environmental, administrative and logistic services in 
harbour redevelopment process in order to link diversified 
activities and specialised services within the harbour 
areas that supports a better living conditions (Bazan-
Lopes, 2001). The integration between non-port related 
functions and maritime services and port-based economic 
activities is considered as the most likely outcome for 
harbour redevelopment.

2.2      Urban Heat Island and Thermal Comfort

2.2.1   Scales and types of urban heat islands
Oke (1976) has clarified the distinction between urban 
canopy layer and urban boundary layer according to 
the different levels of atmosphere for urban heat island 
studies. The urban canopy layer (UCL) is the atmospheric 
layer that extends from ground level to approximately the 
mean building height; whilst the urban boundary (UBL) 
layer is "from the top of the UCL to an altitude when urban 
influences are no longer felt in the atmosphere" (Bridgman 
et al., 1995; cited by Gill et al., 2004). 
It would be inappropriate to use the measurements 
made in boundary layer for investigating the canopy layer 
urban heat island, due to the canopy climate is largely 
determined by the site-specific characteristics such as 
street geometry, building materials and vegetation covers 
instead of by the boundary-layer mechanisms (Oke, 1976). 

Figure 2.2 The preservation of historic buildings and harbour elements 
adapted for the new urban functions (Diedrich, 2013)
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Hence, Oke (1976) proposed that there are three different 
scales of urban heat island studies, that is, mesoscale, 
local scale, and microscale (Figure 2.3). The numbers 
in brackets refer to the characteristic dimensions of 
approximate limits suggested by Oke.

- Microscale or street canyon scale (1cm-1km)
Referring to the climate of urban canopy layer that 
associates with individual buildings, trees, roads, streets, 
and the spaces in-between such as courtyards, gardens 
etc. Which is the typical scale for the investigation of 
urban microclimates.

- Local scale or neighbourhood scale (100m-50km)
Focusing on the urban boundary layer climate of 
neighbourhoods with similar combinations of urban 
features such as surface cover, size and spacing buildings, 
activity. This scale includes landscape features such as 
topography but excludes microscale effects.

- Mesoscale or city scale (10km-200km)
Referring to the climate of urban boundary layer that 
cities can play a role in influencing the climate on larger 
scale. The city elements in the microscale are affected by 
phenomena at the local scale; conversely, the phenomena 
at the local scale or neighbourhood scale are affected by 
the conditions and interactions of the mesoscale.
(Harris & Coutts, 2011; Hove et al., 2011b; Oke, 1976)

Based on the different scale levels, four types of urban 
heat islands were classified as follows:

- Subsurface urban heat island (sSUHI)
Referring to the stored heat under the city that results 
from the thermal conduction through surface soils and 
materials, and the soil temperature was determined down 
to 2 metres below the ground level. 
The  interact ion  between rad iat ive  energy  and 
ground, the thermal properties and conductivities of 
particular surfaces to absorb, reflect or emit energy 
fluxes are responsible for the subsurface urban heat 
island variability. Besides, sSUHI is likely to affect the 
underground infrastructure such as water pipes etc.

Figure 2.3 The different scales of urban heat islands; UBL is the urban 
boundary layer, and UCL is the urban canopy layer (Oke, 2009; cited 
by Harris & Coutts, 2011)
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- Surface urban heat island (SUHI)
Referring to a phenomenon that typically presents day 
and night, when the temperature of urban surfaces is 
higher than the surrounding rural (natural) surfaces. The 
SUHI is closely related to the direct sun light, and thus the 
effects are generally largest during the day when the sun 
is shining and the sky is clear with little wind while are 
relatively weaker at night.

- Canopy layer urban heat island (CLUHI)
Focusing on the air temperature within the street canyons 
that the boundary is drawn between the ground and just 
below the roof level. The CLUHI is commonly observed 
at night under a stable weather conditions due to the 
impacts of sSUHI that the stored heat under the urban 
surfaces are released back to the atmosphere.

- Boundary layer urban heat island (BLUHI)
Referring to the combinations of local influences 
in boundary layer that forms a dome of warmer air 
extending downwind of the city. "It may be one kilometre 
or more in thickness by day, shrinking to hundreds of 
metres or less at night". Clearly, the BLUHI is also most 
pronounced at night time.
(Harris & Coutts, 2011; Erell et al., 2011; Hove et al., 
2011b)

It is clear that there is a significant correlation between 
different scales and types of urban heat islands. 
Overall, sSUHI and SUHI are generally described as surface 
urban heat island while CLUHI and BLUHI are defined as 
atmospheric urban heat island. The distinction between 
these two types of urban heat islands is necessary to be 
made, because they differ in many aspects such as the 
formation, the techniques used to identify and measure 
the situations, the impacts, and to a certain extent, the 
available methods of mitigation; which can lead to totally 
different directions of the research outcomes (Table 
2.2) (Pötz et al., 2012; Hove et al., 2011b; EPA, 2008a). 
Consequently, it is fundamental to identify an appropriate 
study scale for the corresponding research subjects. 

In the present study, a microscale or street canyon scale 
was adopted to investigate canopy layer urban heat island 
(CLUHI), which is most relevant to perceived outdoor 
thermal comfort at street level.

Table 2.2 The distinction of characteristics between surface and 
atmospheric urban heat islands (EPA, 2008a)
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2.2.2   Outdoor thermal comfort
People’s perceived thermal comfort is closely linked to 
the usability in terms of outdoor activities and aesthetic 
appreciation of urban spaces. Therefore, understanding 
and evaluating thermal comfort conditions is essential to 
develop the urban environment. 

To investigate outdoor thermal comfort, the microclimatic 
components  wind,  humidity,  radiat ion,  and a i r 
temperature are the main factors which affects people’s 
thermal comfort. In addition, it is necessary to take into 
account not only physical and physiological parameters 
but also individual (gender and age), behavioural (e.g. 
clothing and level of activity) and psychological aspects 
(long- and short-term experiences, thermal expectations, 
time of exposure, environmental stimulation and 
perceived control). (Klemm et al., 2015b; Chen & Ng, 
2012; Matzarakis & Amelung 2008; Gaitani et al., 2007; 
Nikolopoulou & Steemers, 2003; Santamouris et al., 
2000) The former physical and physiological parameters 
provide “climatic knowledge”, and the latter individual, 
behavioural and psychological aspects provide “human 
knowledge” for assessing and investigating perceived 
outdoor thermal comfort (Chen & Ng, 2012).

Hanna (1996) has summarised three main approaches in 
dealing with the relationship between the human beings 
and their thermal environment.
Firstly, the physical approach generally refers to 
laboratory-based studies, which aims to establish bio-
meteorological comfort indices applying mathematical 
heat balance equations. 

The most well-known findings is Fanger‘s predicted mean 
vote (PMV) and predicted percentage dissatisfied(PPD). 
By using a seven-point thermal sensation scale (-3 to +3) 
the PMV can be calculated in a particular setting with 
a set of environmental variables, compatible with an 
assumed metabolic rate and clothing level. However, it 
is argued that this method is not applicable particularly 
in an outdoor environment owing to human body’s ever-
changing thermal state caused by the interaction between 
the heat flows and the human body (Figure 2.4) while 
the PMV equation rests on steady-state heat transfer of 
human body. This means that there is the possibility of 
error resulted from the findings lie outside the established 
comfort range because people adapt to their surroundings 
and accept conditions in a dynamic pattern. 

Figure 2.4 Thermal exchange between the human body and its 
environment. Retrieved from: http://cac.mcgill.ca/schoenauer/cases/
large_image.php?slideid=181

Secondly, the biological approach 
aims to integrate several aspects 
in one relationship and develop a 
more holistic approach to the study 
on human thermal environments. 
F o r  i n s t a n c e ,  t h e  p s y c h o -
physiological model of thermal 
perception developed by Auliciems 
(1981) in order to provide practical 
recommendations for comfortable 
indoor thermal environment on the 
basis of three aspects: perception 
o f  w a r m t h  a s s o c i a t e d  w i t h 
physiological response thermal 
stimulus, the thermoregulatory
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activity in relation to subjective acceptability, and thermal 
sensation with respect to the levels of discomfort. 
However, he pointed out the inadequacy of the existing 
physiological models and research methods and argued 
that perception is "made of higher levels of mental 
integration of information flows" and "must include 
parameters of past cultural and climatic experiences and 
expectations" (Auliciems, 1981). 

Thirdly, the psychological approach, described by 
Hopkinson as a "stimulus-response relationship" and 
usually based on field studies. This approach is considered 
as the one most useful to planners and designers, since 
it relates to the objective (physical environment) and 
the subjective (people’s perception) domains of thermal 
comfort (Hanna, 1996).

Nikolopoulou & Steemers (2003) developed a network 
demonstrating the interrelationships among various 

parameters of psychological adaptation (Figure 2.5) in 
order to compare the relative significance of the different 
parameters and to identify their design role.

Physiological equivalent temperature (PET) proposed by 
Höppe has been extensively used to investigate outdoor 
thermal comfort (Table 2.3). PET is a bio-meteorological 
comfort index to indicate people’s thermal conditions 
based on heat balance of the human body (Klemm et al., 
2015a; Hove et al., 2011b; Deb & Ramachandraiah, 2010; 
Matzarakis & Amelung 2008). 
It has been used for the evaluation of different thermal 
environments within cities, including the consequences 
of a changed thermal environment caused by different 
planning variations and strategies for improving thermal 
conditions. For example, taking advantage of the effect 
of different kinds of greenery or increasing green areas 
planted with trees (Erell et al., 2011).

Figure 2.5 The interrelationships between the different parameters of 
psychological adaptation in a network (Nikolopoulou & Steemers, 2003)

Table 2.3 Ranges of physiological equivalent temperature (PET) 
indexes with different degrees of thermal perception by human beings 
(Matzarakis & Amelung 2008)
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Furthermore, Katzschner (2004) used the calculations 
of PET thermal comfort index and linked the each of the 
PET value to a different levels of outdoor activity and its 
required thermal conditions for use of the urban spaces. 
The results are shown in Table 2.4.

Moreover, the concept of thermal preferences were 
developed to analyse design problems regarding the 
thermal environments in urban spaces and to give useful 
design advices. Thermal references can be defined as 
“the combination of physical factors influencing thermal 
sensation (air temperature, humidity, air movement, 
radiation, clothing and activity) which a person in a 
particular physical environment would choose when 
constrained by climate and existing physical, social, 
cultural and economic influences, including general social 
expectations of the urban space”; which included real-
world considerations and related to thermal attributions

of the three environments, namely climatic, built and 
human environments (Erell et al., 2011). This shows 
the complexity of people’s perceived thermal comfort 
and their thermal preferences, which involves the 
interrelationship between physical, physiological, social, 
behavioural and psychological parameters.

It is suggested that the consequences of improving 
thermal conditions for humans are even greater than 
reducing the air temperature alone, due to people’s 
perception are significantly influenced by different 
environmental cues and thus not always in accord with 
the actual temperature. Accordingly, the perceived 
thermal comfort conditions are considered more relevant 
to the design process. (Lenzholzer, 2009; Matzarakis & 
Amelung 2008) 

In sum, according to the earlier studies, it is expected that 
people’s perceived thermal comfort is related to individual 
positive experience and aesthetic appreciation of outdoor 
spaces, and at the same time affected by their spatial 
perception of the environment (Klemm et al., 2015a). 

Perceived thermal comfort play a significant role in 
developing climate-adaptive urban environments and 
as an essential factor to evaluate the quality of outdoor 
spaces. Especially most of the cities are affected by urban 
heat island, which threatens human health and well-
being.  Thus, it is necessary to understand and to consider 
the effects of perceived thermal comfort as a guide 
to develop urban outdoor spaces by investigating the 
interrelation between physical, physiological, behavioural 
and psychological parameters.

Table 2.4 Activities and affiliated PET values with the thermal sensation, 
these values were calculated based on measurements of different 
investigations in Germany (Katzschner, 2004)
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2.2.3   Causes of urban heat island formation and the 
heat mitigation measures
The formation of urban heat islands reflects the sum 
effect of the multitude of man-made alterations and 
involves many controllable and uncontrollable factors. 
People developing the city and keep changing the the 
forms of physical environments that affects the surface 
energy balance, which refers to the heat generated and 
contained by an area from various sources. This means 
that the formation of urban heat islands can be observed 
by comparing the differences in surface energy balance 
between urban area and non-urbanised rural surroundings 
(Figure 2.6) (Erell et al., 2011; Rizwan et al., 2008).

In general, the causes of urban heat island formations 
and the factors affecting their intensity were summarised 
as: (1) urban form, (2) building density, (3) impervious 
surfaces, (4) vegetation, (5) properties of urban materials,

(6) heat released by human activity which are the 
controllable factors while (7) weather and (8) geographic 
location are the uncontrollable factors (Erell et al., 2011). 
However, in many existing urban areas where the built 
form is already established, not all these factors are 
immediately changeable nor improvable in the short term 
for tackling the heat island effect. 
Therefore, those factors were further categorised into 
three parts including five factors considering the practical 
aspects in terms of time and feasibility. 

The first part includes (1) reduced vegetation in urban 
areas and (2) properties of urban materials. Urbanisation 
replaces natural surfaces (i.e. surfaces covered with 
vegetation) by impervious urban surfaces (i.e. concrete 
and asphalt in the form of roofs, pavements, roads and 
parking lots etc.). As a result, the city lost the benefits 
offered by vegetation such as the cooling effects provided 
by trees through shading and evapotranspiration to 
moisture the surrounding air, rainwater interception, 
storage and infiltration functions. 
Meanwhile, the thermal properties of building and 
paving materials in terms of solar reflectance, thermal 
emissivity, and heat capacity influence the absorption 
of solar radiation and energy, and then heat up the 
environment both directly and indirectly. These two 
are the considerable factors which can be improved by 
greening interventions for rapid improvement, and also 
are the main focus for the community.

The second part concerns (3) urban geometry and (4) 
anthropogenic heat emissions. On the one hand, urban 
geometry usually refers to height-to-width ratio (H/W) 
and sky view factor (SVF) of the street, orientation and 

Figure 2.6 Radiations and energy fluxes over an urban and a rural area 
on a clear day which contributes to the formation of urban heat islands; 
the width of the arrows approximates the size of the flux (adapted 
from Oke, 1988; cited by Gill et al., 2004)
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building density, which influences the amount of solar 
energy trapped within street canyons. On the other 
hand, anthropogenic heat refers to the heat generated 
by human activities, particularly for transportation, 
industrial processes, heating and cooling purposes (e.g. 
the use of air conditioners), which relates to a variety of 
urban activities and infrastructures. These two factors are 
relatively fixed and involved a larger scale of modification, 
and hence were categorised as the factors to be 
considered for the future development.

The last part involves (5) some additional factors such 
as weather and geographic location. Wind and cloud 
cover are the primary weather characteristics which 
intensifies the heat island effects. For example, the 
magnitude of urban heat islands are largest under calm 
and clear weather conditions. Geographic location of 
the city refers to the regional climate and topography 
of the area. Besides, even the season and time of day 
have an influence on the intensity of urban heat islands. 
Nonetheless, these factors are identified as uncontrollable 
and excluded from the following discussion of mitigation 
measures (Erell et al., 2011; EPA, 2008a).

According to Rizwan et al. (2008), the formation of urban 
heat islands involves controllable and uncontrollable 
factors (Figure 2.7). Most of the controllable factors 
are planning and design related and to some extent 
could be humanly modified by taking actions; whilst the 
uncontrollable factors are generally environment and 
nature related which are out of human control.

In general, the possible heat island mitigation measures 
are focusing particularly on anthropogenic heat, surface 
albedo, and evapotranspiration. Accordingly, the heat 
mitigation measures could be broadly categorized as: (1) 
reducing anthropogenic heat and energy consumption 
(e.g. by controlling the use of cooling facilities and by 
developing energy efficiency technologies in the design 
of buildings and motor vehicles etc.), (2) increasing the 
surface albedo to control the solar gain (e.g. by using 
specially engineered pigments for albedo enhancement 
and by replacing the highly absorptive materials such as 
asphalt and dark-coloured building surfaces with lighter 
and more reflective materials for roofing and paving), 
(3) enhancing evapotranspiration (e.g. by planting and 
enriching vegetation covers).

Among the three mitigation measures, anthropogenic 
heat was reported has a smaller effect than albedo 
and vegetation covers (Rizwan et al., 2008; Taha, 1997) 
However, the application of these strategies for heat 
mitigation significantly depends on the climatic context 
and site-specific characteristics, which involves a complex 
interrelation between physical environment and varied 
controls. That is to say, it is crucial to take the local factors 
into consideration in order to develop the most suitable 
measures for mitigating the heat within the city.Figure 2.7 The formation of urban heat islands (Rizwan et al., 2008)
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2.3      Benefits of Different Types of Urban Vegetation on 
Thermal Comfort and Attractiveness of Outdoor Spaces

It has been amply demonstrated that urban vegetation is 
effective in physically improving outdoor thermal comfort 
(Bowler et al, 2010; Lin et al., 2008; Alexandri & Jones, 
2008; Gill et al., 2007; Dimoudi & Nikolopoulou, 2003). 
But also beautifying the streetscape in the psychological 
terms, especially in relation to people’s visual perception 
(Klemm et al., 2015ab; Qin et al., 2013; Lafortezza et al., 
2009; Smardon, 1988; Ulrich, 1986). In con-sequence, 
urban greening is regarded as the most promising heat 
mitigation measure concerning the financial aspects and 
its flexibility in adapting to the existing urban built form 
(Rizwan et al., 2008; Gill et al., 2007; Ulrich, 1985; cited 
by Smardon, 1988), also as a climatic component in the 
design of thermally comfortable and attractive outdoor 
spaces.

2.3.1   Physical and psychological functions of urban 
vegetation
- Physical functions of urban vegetation
The microclimatic effect of vegetation and its contribution 
to urban environment has been adequately proved. The 
physiological characteristics of vegetation which helps to 
regulate the climatic conditions are classified into four 
aspects represent the different functions: 

First, the evapotranspiration process to decrease 
temperature by releasing water vapour to the surrounding 
atmosphere. Second, transmission of vegetation, 
deciduous trees in particular, related to solar and daylight 
access varies with the season, which also determines the 
shading pattern. Third, albedo refers to solar reflectance 

from vegetative surfaces and canopies. Apart from 
that, much of the solar energy is found in the visible 
wavelengths, this means that the colours of leaves 
influence the vegetation albedo as well. Last but not 
the least, the permeability of vegetation to wind that 
affects the airflow within street canyons (Dimoudi & 
Nikolopoulou, 2003). 

Figure 2.8 Physical functions of urban vegetation (a) production of 
shade; (b) glare reduction; (c) interception of dust (Smardon, 1988)
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Furthermore, Aloys (1982) summarized six vegetation 
activities that involves to bring positive climatic effects, 
which are: (1) air cooling, (2) increase in the relative air 
humidity, (3) fresh air supply, (4) air filtration, (5) noise 
absorption, and (6) oxygen production.
In view of these characteristics and physical functions 
of vegetation (Figure 2.8), the climatic use of plants is a 
considerable approach to improve thermal environment. 
However, it must be noted that the magnitude of the 
effect have a strong correlation with other meteorological 
variables such as wind and sunlight and the surroundings 
(Figure 2.9).

- Psychological functions of urban vegetation
Studies on the contribution of street greenery to people’s 
perception and response to the environment indicated 
that the aesthetic quality and appreciation of urban 
scenes usually increases when trees and other vegetation 
are present (Ulrich, 1986; Thayer & Atwood, 1978). 
People’s aesthetic appreciation of the environment is 
significantly based on their visual perception due to vision

provides more information than the other senses 
combined (Klemm et al. ,  2015b; Carmona, 2010; 
Velarde et al., 2007). Accordingly, one of the beneficial 
functions of urban vegetation is visual screening, by using 
vegetation to mask unpleasant urban scenes such as 
heavy traffic roads and parking lots in order to enhance 
user enjoyment. Besides, vegetation can function as 
natural buffer to visually obstruct incompatible land uses 
as well as to physically separate different functional zones 
(Smardon, 1988; Brush et al., 1979; Thayer & Atwood, 
1978), as shown in figure 2.10. 

Thayer & Atwood (1978) summarised the benefits of 
urban vegetation on aesthetic quality and people’s 
preference for vegetated environments can be optimised 
"by adding, subtracting, or interacting with other 
landscape elements" (Robinette, I 972; cited by Thayer & 
Atwood, 1978) in order to integrate different elements 
and to diversify the streetscapes.

To sum up, street greenery contributes to physical 
thermal comfort by providing shade and cooling the air 
through evapotranspiration; and in the meantime benefits 
psychological well-being associated with the use of green 
spaces and views containing trees and other vegetation. 

Although the large amount of street greenery accumulates 
thermal benefits from the physical functions of vegetation. 
However, the sum effects in terms of perceived thermal 
comfort and aesthetic appreciation were assumed to 
be affected by psychological factors. As Hellinga (2013) 
pointed out that people prefer the view includes more 
information, which means too much vegetation might 
block their view and decrease the sense of security.

Figure 2.9 Scheme of the daytime energy exchanges between isolated 
tree and its street canyon environment (Oke et al., 1989)
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Also views totally filled by vegetation are generally not 
appreciated by people (Meerdink et al., 1988; cited by 
Hellinga, H., 2013). All these factors have impacts on 
people’s perception and therefore could be influencing 
individual experiences in terms of perceived thermal 
comfort and environmental satisfaction. It is essential 
to consider both aspects and the interaction between 
physical and psychological parameters for creating a 
thermally comfortable and attractive urban streets.

2.3.2   Typology of urban vegetation
The typology of urban vegetation can be identified from 
different perspectives. 
On the one hand, Dimoudi & Nikolopoulou (2003) seen 
vegetation as separate entities in different dimensions and 
simply characterised vegetation as (1) planar objects (e.g. 
grass, planted pergolas) and (2) 3D objects (e.g. trees, 
shrubs). This reveals the generic forms of vegetation and 
its physical characteristics. Planar objects represents the 
vertical and horizontal features while 3D objects refers to 
the green volume. 

On the other hand, Bowler et al. (2010) reviewed the 
most common used greening in-terventions for cooling 
the city and categorised the urban vegetation into four 
types: (1) ground vegetation, (2) wall or roof vegetation, 
(3) trees, (4) parks or green areas which were usually a 
mixture of ground vegetation and trees. The results are 
shown in figure 2.11.

Figure 2.10 Psychological functions of urban vegetation (a) screening 
parking lots; (b) screening traffic; (c) aesthetic and sensory environment 
(Smardon, 1988)

Figure 2.11 Visualization of the four urban vegetation types according 
to Bowler et al. (2010)
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The present study applied Bowler’s categorisation to 
investigate the different greenery types and their effects 
on perceived outdoor thermal comfort and attractiveness 
in urban canyons.

2.3.3   Ground and low-height vegetation

The thermal effect of ground vegetation, grass in 
particular, were frequently compared with other common 
ground surface materials with different thermal and 
radiative properties in order to evaluate their influences 
on temperature. Grass has the highest leaf area density 
and high albedo which helps to increase relative humidity 
of the air through evapotranspiration and to reflect 
the solar radiation and absorb the heat (Figure 2.12) 
while other impervious surfaces such as asphalt and 
concrete are usually in dark colours and with low albedo.

As a result, it is observed that ground covered with 
grass contribute to avoid high surface temperature, and 
at the same time lower the air temperature above the 
grass cover. However, the evaporative cooling effect 
of grass were found the largest during the day, due to 
the vegetation are not physiologically active at night. 
Therefore, the surface temperatures between different 
ground surface materials were observed similarly during 
the night (Lin et al., 2008; Bowler et al., 2010; Lin et al., 
2010).

Low-height vegetation (e.g. shrubs, bushes, hedges, 
and planting beds etc.) adds volume to the flat grass 
covered ground but not over shaded the space when it 
is unnecessary. It provides diversity of plant species with 
different heights and varied forms that can be used to 
fit into different built environment and to enrich visual 
perception of the street greenery, which helps to increase 
aesthetic appreciation of the urban street (EPA, 2008b).

Concerning people’s perception of ground and low-height 
vegetation, in general, grass correlates positively with 
outdoor activities (e.g. resting, sun-bathing, reading, 
eating, sleeping etc.); whilst low plants such as shrubs are 
relatively negatively associated with most activities due 
to it takes up the room available for activity. However, 
earlier studies suggested that the neighbourhood scenes 
consisted of empty grass field without trees or shrubs 
were not preferred by residents (EPA, 2008b; Smardon, 
1988). It is important to take advantage of grass and low 
plants simultaneously and to combine the green elements 
for creating an enjoyable environment.

Figure 2.12 Physical functions and thermal benefits of ground and low-
height vegetation 
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2.3.4   Wall and roof vegetation

Green walls and green roofs decreases the surface 
temperature and cools the air by providing shade and 
evapotranspiration. Also, the building surfaces covered 
with vegetation blocks the direct sunlight and thus 
have an influence on both indoor and outdoor thermal 
conditions (Figure 2.13). Yet the temperature difference 
depends on the time of day or the month of the year 
(Bowler et al., 2010). In addition, the filtration process of 
vegetation surfaces contribute to the improvement of air 
quality. 

In general, wall and roof vegetation are adaptable to 
different contexts and can be applied in places with little 
available space or soil (EPA, 2008b). The shading effects 
of green walls or green façades are directly influenced 
by the plant species and its growing characteristics such 
as seasonal variation. For example, a UK-based research

pointed out that during the hottest months of the year 
(i.e. July, August and September) are exactly the same 
period of peak growth of climbing plants, which fulfils the 
need for solar shading in response to the warmer climatic 
condition. Virginia Creeper is selected as an appropriate 
plant for growth in the UK climatic condition, which is 
identified as a mild oceanic climate (Cfb) (Ip et al., 2010).

Wall and roof vegetation represents vertical and 
horizontal features of green elements in different levels. 
Green walls have a stronger effect within urban canyons 
than green roofs that reduces the air temperature as 
well as surface temperature and benefits pedestrians’ 
perceived thermal comfort; while the thermal effect of 
green roofs can reach a higher layer of atmosphere above 
the canyon, of the magnitude of up to 10°C at 4 metres 
height (Alexandri & Jones, 2004), and therefore have less 
influence on the pedestrian. In general, green walls and 
green roofs have lower effect on temperature reduction in 
a wider canyons because of the large urban surfaces are 
likely to increase the amount of solar gain. Meanwhile, 
wider canyons resulted in weaker observable effects from 
the green walls and green roof, and thus receives less 
attention with respect to people’s perception (Clark et al., 
2010; Alexandri & Jones, 2008). 

Overall, covering the existing building surfaces with 
vegetation in the form of green walls, green façades and 
green roofs could be a realistic strategy for heat mitigation 
as well as for thermal comfort and aesthetic improvement. 
It is suggested that people’s perception associated with 
thermal comfort and attractiveness can be enhanced 
by greening the built environment and increasing urban 
biodiversity.

Figure 2.13 Physical functions and thermal benefits of wall and roof 
vegetation
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2.3.5   Trees

Street greenery in the form of trees has a considerable 
positive influence on urban microclimate mainly through 
evapotranspiration and shade production. Moreover, 
trees sheltered people from the direct sunlight during the 
warm summer days and protected them from strong wind 
and rain. In the summertime, generally 10 to 30 percent 
of the solar energy reaches the area below a tree owing 
to the trees reflected the short-wave radiation and the 
tree leaves absorbed the heat (Figure 2.14). However, the 
amount of solar access through the canopy varies based 
on plant species (EPA, 2008b). 

It is clear that the physical functions of trees are 
significant for thermal comfort improvement. Lin et al. 
(2008) has compared the physical thermal effect between 
the three types of urban vegetation, namely grass, shrub 
and tree. The results show that tree is the most effective 
vegetation types in improving thermal condition due to 
the high evaporation rate. Even the cooling effects (i.e. 
the production of shade) are largely influenced by wind 
pattern, the hourly movement of the sun, and building 
orientation; the overall effect of trees is still greater than 
the others (Lin et al., 2008). 
In the meanwhile, it is widely accepted that the presence 
of vegetation, especially trees, positively affects people’s 
preference for their living environment in aesthetic terms.

Some studies have compared the temperature difference 
between below-canopy and open-field (Renaud et al., 
2011) and the influence of single and small clusters 
of trees (Streiling & Matzarakis, 2003). In general, the 
physiological equivalent temperature (PET) showed 
distinct differences between areas with trees and 
areas without trees, except for some relatively small 
investigation areas. The results show that temperature are 
generally cooler beneath the trees inside the tree crowns. 
According to the measurement conducted in Germany, 
the average differences in air temperature were 1.0°C and 
0.9°C between areas with trees and areas without trees, 
respectively. In addition, it is observed that the mean air 
temperature under the cluster of tree crowns were 0.1°C 
lower than under the single tree (Streiling & Matzarakis, 
2003). However, Bowler et al. (2010) has clarified the 
difference in temperature mostly occurred during the day, 

Figure 2.14 Physical functions and thermal benefits of trees
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when the trees are most physiologically active, but not in 
the early morning or at night.

Many studies have focused specifically on trees to examine 
its thermal effects and to investigate the correlation 
between people’s perception and environmental amenity. 
The aesthetic elements and characteristics of trees such 
as lines, forms, colours and textures are the perceptual 
factors determines people’s perception and hence 
affects their preferences (Muderrisoglu et al., 2009; 
Smardon, 1988). Different tree forms were evaluated 
and the results show that trees with spreading canopies 
were preferred more than trees with columnar and 
conical forms in terms of people’s emotional response 
and aesthetic preference (Lohr & Pearson-Mims, 2006). 
However, there are wide regional variations in the results 
regarding people’s aesthetic appreciation. For instance, 
a Turkey-based research reported that pyramid-formed 
trees were preferred most for people’s visual perception 
(Muderrisoglu et al., 2009). In general, trees in light green 
colours were found to have the highest visual quality and 
tend to make people feel more thermally comfortable. 

Furthermore, the thermal effect of tree species with 
different characteristics such as leaf textures and 
canopy sizes on microclimate improvement through 
evapotranspiration are investigated. For example, a study 
carried out in Greece reported that Ficus species has the 
highest amount of evapotranspiration, which means it 
is effective to increase the humidity of the dry summer 
atmosphere and regulate the temperature, followed by 
pine, palm, bitter orange and olive (Georgi & Dimitriou, 
2010).

The positive effects of trees derived from directly use 
of trees (e.g. planting in the garden, staying inside the 
tree crowns etc.) but also visually effective when the 
trees are in people’s visual field. It is suggested that good 
visibility of urban vegetation lead to a better thermal 
perception, especially trees due to it is the most visible 
green elements within canyons (Klemm et al., 2015b; 
Muderrisoglu et al., 2009; Smardon, 1988). Besides, trees 
contribute to the aesthetic quality of the environment by 
adding green volume, visual diversity and complexity to 
the urban streets.

2.4      Effects of the Interaction between Urban Built 
Form and Vegetation on Thermal Comfort in Street 
Canyons

The climatic performance of street greenery is significantly 
affected by the existing urban built form and land use, 
particularly in temperature variation due to the amount 
of solar radiation received by building surfaces within 
urban canyons (Shishegar, 2013; Alexandri & Jones, 
2008; Ali-Toudert & Mayer, 2006 & 2007; Eliasson, I., 
1996). Different spatial characteristics of street canyons 
such as aspect ratio (or height-to-width ratio, H/W) 
and orientation are influential in shaping shadow and 
wind patterns which affects microclimatic conditions at 
street level. In the meantime, the thermal properties of 
urban surfaces and vegetable covers determine people’s 
perceived thermal comfort in urban outdoor spaces.

Increasing vegetation covers is considered as one of the 
most effective measures to mitigate heat islands and to 
improve outdoor thermal comfort. However, most of the
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cities has established its built form already result from 
previous development and hence there is limited room 
for creating new green spaces. Therefore, greening the 
existing urban surfaces and structures such as roofs, walls, 
building façades and railway lines are feasible greening 
interventions for adapting different types of green 
elements to the existing urban fabric. 
In addition, it is important to take the local factors into 
account in the design of street greenery; by preserving the 
existing green areas to maintain the original vegetation 
structure, extending the green volumes and enhancing its 
positive effects, especially on thermal comfort and human 
well-being (Clark et al., 2010; Gill et al., 2007). 

Lehmann et al. (2014) identified a series of urban 
vegetation structure type (UVST) which enables the 
specification and description of different areas within a 
city characterised by vegetation according to type, size, 
structural characterisation as well as density, structure 
and building type. This analytical method was developed 
as an approach to evaluate the microclimatic effects of 
different urban vegetation structures, and based on that 
to facilitate determination of the amount of surfaces 
covered by vegetation, green volumes and the proportion 
of sealed surfaces for urban green space planning 
(Lehmann et al., 2014).

The interaction between urban built form and different 
greenery types directly influences people’s perception 
of street greenery and their thermal comfort conditions 
(Shishegar, 2013; Bowler et al., 2010; Alexandri & Jones, 
2008; Ali-Toudert & Mayer, 2006 & 2007). 

Studies on effects of street geometry (i.e. aspect ratio, 
orientation) on thermal comfort in terms of airflow 
and solar access in urban canyons indicated that the 
discomfort is expected to increase for wider streets (Ali-
Toudert & Mayer, 2007). This is because the temperature 
within the canyon are dominated by the amount of solar 
radiation exposed to the street surfaces. Consequently, a 
wider street is observed that have weaker effects of green 
walls and green roofs on temperature decrease (Alexandri 
& Jones, 2008). “In general, green walls had a stronger 
effect on temperatures within the canyon, while green 
roofs had greater effect at the roof level and the urban 
scale” (Clark et al., 2010). Besides, a wider street provides 
better mixing of air and therefore contributes to good 
ventilation within the canyon (Shishegar, 2013).

Form a spatial design perspective, in narrow streets, green 
elements with vertical features such as green walls, green 
façades and climbing plants are proportionally more 
dominant on people’s perception. By contrast, in wider 
canyons, green elements with horizontal features such as 
grass and low-height vegetation such as shrubs, hedges 
which forms the floor-scape play a prominent role in 
shaping spatial experience and stimulating people’s visual 
perception owing to the presence of greenery is in their 
eye-level views (Carmona, 2010). In other words, wall 
vegetation is expected that have less effects on people’s 
perception in wider canyons. The reason is that the 
perceptual factors are less observable by pedestrians due 
to the broad visual angles and the wide opening canyons.
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3
Questionnaire 

Study



Overview

This study encompasses questionnaire survey of people’s long-term thermal comfort and aesthetic appreciation of 
outdoor spaces in harbour contexts regarding the role of street greenery. In order to collect site-specific data for the 
follow-up design guidelines generation, the surveys were carried out in October 2014 in the city of Rotterdam, the 
Netherlands. 

In this chapter, the methods and materials of the questionnaire study are introduced step by step. Firstly, the questionnaire 
design is illustrated in terms of variables, visual stimuli, question setting, layout and general contents. Secondly, some 
practical aspects are explained such as the target survey participants, different strategies for data collection and analysis. 
Finally, the survey results are presented comprehensively and subsequently discussed to make critical remarks about the 
research outcomes and to address potential limitations of the study design.
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3.1      Methods and Materials

A visual approach to designing the questionnaire was 
adopted for conducting this research. To explore people’s 
long-term perception, it is important to provide sufficient 
information about the context setting for stimulating 
their sensation. People’s environmental perception is 
obviously multi-sensory. However, vision is an influential 
sense in yielding information about the things around 
us, especially in outdoor environments (Carmona, 2010; 
Ulrich, 1979; cited by Velarde et al., 2007). 
Also, the environmental preferences derived from the 
view contains greenery is significantly valued by people 
in physical as well as in psychological terms (Klemm et al., 
2015b; Velarde et al., 2007).

This study investigated people’s long-term thermal 
comfort considering the role of street greenery. In other 
words, people answered the questionnaire based on their 
past experiences in a particular physical environment 
under given circumstances instead of with an accordable 
situation during the survey. Therefore, the survey 
respondents were asked to imagine they are walking on 
the street shown in pictures of the questionnaire on a hot 
summer day and then to answer the questions.

3.1.1   Questionnaire design
People’s thermal perception and aesthetic appreciation 
in outdoor spaces relating to street greenery were 
investigated through the questionnaire survey. 
The mixed methods of quantitative and qualitative 
research approaches were applied in the design of 
the questionnaire. The reason is that “to include only 
quantitative and qualitative methods falls short of the 

major approaches being used today in the social and 
human sciences” (Creswell, 2009). 

Therefore, the questionnaire consisted of four series of 
16 full-coloured images as visual stimuli and two main 
questions (both closed-ended and open-ended) associated 
with thermal comfort and attractiveness. People were 
asked to evaluate the images according to how thermally 
comfortable and attractive they perceived the street 
under given circumstances, and then to briefly describe 
the reasons for their preferences (see the complete 
questionnaire in appendix II).

- Variables
There are two variables involved in the design of this 
questionnaire: (1) greenery types and (2) functional zones 
in harbour contexts. The main focus of this study is to 
investigate what are the contributions of different types 
of street greenery to improve perceived thermal comfort 
and attractiveness within urban canyons in harbour 
areas (sRQ2 & sRQ3). The interaction between these two

Figure 3.1 Schematic diagram of questionnaire design
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variables (different greenery types and the spatial 
characteristics of various harbour functional zones) 
has considerable influences on determining people’s 
perception (see chapter 2.4). 

Greenery types
Three different types of urban vegetation were used to 
represent the general green elements at street level, 
which are (1) ground and low-height vegetation (shorter 
than 2 metres), (2) wall vegetation and (3) trees based 
on Bowler’s (2010) categorization. Each green element 
possesses different thermal properties and physical 
features (i.e. horizontal, vertical, and 3D objects) which 
are likely to influence people’s thermal perception and 
aesthetic experience visually and spatially. 

Roof vegetation has been excluded from the category 
in this research because the green roofs are usually 
unobservable by pedestrians and thus it is difficult to 
evaluate its impact on their perception. Besides, the 
alternative ‘no vegetation’ was added in order to make 
the differences more distinctive. 

As a result, four settings of the greenery types were 
developed, as shown in figure 3.2.

Functional zones in harbour contexts
On the basis of literature review (see chapter 2.1.2) and 
the future zoning plan developed by the municipality of 
Rotterdam (Figure 5.2), four functional zones in harbour 
contexts were selected to represent the most common 
functions adapted to a former harbour area. 
That is, (1) port-industrial, (2) new business, (3) residential 
and (4) residential waterfront. The general spatial 
characteristics of each functional zone were summarised 
and the results are shown in Table 3.1.

This section also answered the first sub-research question 
regarding the typical urban typologies with respect to 

Figure 3.2 Vegetation variables: four alternatives of different greenery types

Table 3.1 Spatial variables: four harbour functional zones with different spatial characteristic
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functions and street configuration extensively applied to 
the harbour redevelopment projects, which is called the 
common development orientations.

- Visual stimuli
The development of visual stimuli for the questionnaire 
involve design activity. This reflects the approach “research 
through designing” (see chapter 1.4.3) for conducting 
this study. The alternatives include the modification 
of general background images for the four functional 
zones in harbour contexts and the design of different 
types of street greenery. The process of developing the 
visualisation images for the questionnaire is shown in 
Appendix I.

General background image in four harbour functional zones
The photographs used in the questionnaire were taken in 
the case study area of Merwe-Vierhavens, Rotterdam. 
To avoid the background being an influence and to make 
the images more comparable, the photos were taken from 
the same perspective and in the mild weather conditions 
(Figure 3.3). Besides, the specific elements such as high-
rise office buildings, a preserved monument or the 
port cranes were included in order to provide relevant 
environmental cues of the four harbour functional zones 
for helping people to perceive and interpret the images. 

However, the four selected streets representing the 
typical functional zones in a harbour area (port-industrial; 
new business; residential; residential waterfront) are not 
based on the current situation. Instead they represent the 
zoning based on the future redevelopment scenario.

Consequently, the background images were slightly 
modified for fitting into the context settings.

Design alternatives of the street greenery
The background images were processed by using Adobe 
Photoshop to design the three greenery types: ground 
vegetation, wall vegetation, and trees respectively. Except 
for the alternative ‘no vegetation’, each type covers a 
wide variety of green elements (e.g. plot of grass, grass 
pavers, hedges, shrubs, green walls, green façades, 
climbing plants combined with the street furniture and 
rows of trees etc.). Besides, the development of different 
design alternatives related to street greenery concerns 
the amount of vegetation, the position of trees (e.g. single 
or rows of trees; located in the middle or on one/ both 
side(s) of the street) and tree sizes.

Figure 3.3 Selected streets for taking pictures and the photo layout
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Furthermore, practical and site-specific image ingredients 
were selected and used for the visualisation using Adobe 
Photoshop software. In this way, the imagines are more 
convincing and it helps to stimulate people’s perception 
and the process of answering the questionnaire.

Within four harbour functional zones (port-industrial; new 
business; residential; residential waterfront), different 
greenery types (no vegetation, ground and low-height 
vegetation, wall vegetation, trees) were used to formulate 
various settings for the visual questionnaire. Finally, four 
series of 16 visualisation images were included in the 
survey (Figure 3.4).

- Question setting
This investigation focuses on people’s long-term thermal 
experience instead of momentary thermal perception. A 
particular physical environment under given circumstances 
was described as: "Imagine the temperature is over 25°C 
and you are walking on this street". 
This brief sentence guides the survey respondents to 
reconstruct their previous experiences about walking 
outside on a warm summer day, followed by the two 
main questions associated with thermal comfort and 
attractiveness.

The concept of thermal comfort has been explained in the 
introduction page of the questionnaire as “the perception 
of all kinds of weather aspects like sun, wind, shadow, 
and humidity...etc.”. People were asked to evaluate each 
of these images in a 1 to 4 ranking scale, which 1 is the 
best and 4 is the least for their preferences in relation to 
thermal comfort and attractiveness.

Four series of 16 visualisation images were evaluated with 
the same set of questions:

(1) Please rank the four images in order of how thermally 
comfortable you would feel on a hot summer day?
(2) Please rank the four images in order of how attractive 
you experience the green design of this street?

After the images were ranked in order of preferences, 
people were requested to provide keywords or briefly 
describe the reasons for their answers. In addition, the 
background information of the survey respondents such 
as their age, gender and place to live or work in Rotterdam 
were also recorded.

- Layout and general contents of the questionnaire
The questionnaire consisted of six pages in total. 
The first page is a covering letter (Figure 3.5) introduced 
the background and the aim of this research including a 
short notion of thermal comfort, indicated the estimated 
completion time for the questionnaire, clarified the 
confidentiality and anonymity of the use of provided 
information, and finally the contact email addresses 
were given for further questions. The second page is an 
instruction on filling out the questionnaire (Figure 3.6), 
followed by four pages that contains the four series of 16 
visualisation images (full-coloured; the size of each image 
is 10 cm×6 cm) with the two questions mentioned above. 

Finally, the content of the questionnaire was translated 
into two languages, both in English and in Dutch, and 
were exported in portrait orientation on A4 papers.



Figure 3.4 Series of visualisation images featured with different greenery types (from left to right: no vegetation, ground and low-height vegetation, 
wall vegetation, trees) within four harbour functional zones (from top to bottom: port-industrial; new business; residential; residential waterfront)
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3.1.3   Data collection
In order to reach a wide range of people from Rotterdam’s 
population, two methods were applied to spread the 
questionnaire survey: (1) online and (2) face-to-face 
surveys. Both were conducted on October 2014. The web 
survey were available online for a month; while the face-
to-face survey were carried out in randomly choosing days 
during this period of time, mainly depends on the weather 
conditions, particularly on days without precipitation 
such as sunny or cloudy days when there are more people 
spending their time in outdoor spaces.

3.1.2   Participant (sample group)
The target participants of the questionnaire survey were 
restricted to a focused sample group of people who are 
actually living or working in the city of Rotterdam. 

Besides, residents from Schiedam (located west of 
Rotterdam) and Capelle aan den IJssel (situated on the 
eastern border of Rotterdam) were also included, because 
those people are spending their time in Rotterdam 
frequently and therefore well-acquainted with the city.

Figure 3.6 Example of how to fill in the questionnaire

Figure 3.5 Questionnaire covering letter
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- Online survey
The content of the online version was exactly the same 
as the questionnaire, but in a different layout adapted 
to the template provided by the online survey builder 
Typeform (http://www.typeform.com/). The online survey 
was distributed via email to 2 office buildings and 127 
local entrepreneurs in the Merwe-Vierhavens area, the 
mailing lists were obtained through officers who works in 
the municipality of Rotterdam from different departments 
and the related association Rotterdam Partners. 

Also, the online survey were posted on the social 
networking platform Facebook within specific Rotterdam-
based groups and communities. Additionally, 400 printed 
copies contained essential message of the questionnaire 
with a URL for the online survey were delivered among 
the different neighbourhoods all over Rotterdam. In each 
neighbourhood, addresses were selected using a random-
selection procedure based on house numbers.

Figure 3.7 Online survey distribution

- Face-to-face survey
The face-to-face survey was performed in English with 
the full-coloured questionnaire (six A4 pages, see the 
appendix II) and assisted with two A3 panels show the 
16 visualisation images in a bigger size. The survey 
respondents were selected randomly from the streets 
within different urban locations described below. Most 
of the time the answers were written down by the survey 
interviewer. 

When
The field surveys took place between 11 a.m. and 6 p.m. 
both on weekdays and weekends.
Where
Three main urban locations within the city of Rotterdam 
were selected to conduct the face-to-face survey (Figure 
3.8).

Figure 3.8 Three urban locations in the city of Rotterdam for 
conducting face-to-face survey

The online survey are available in two languages.

Dutch version: https://christy9.typeform.com/to/BQrYRB
English version: https://christy9.typeform.com/to/tPBoWQ
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The first one is the surrounding neighbourhoods of the 
case study area Merwe-Vierhavens (M4H) on the right 
bank of river Nieuwe Maas in Rotterdam-west. Currently, 
most of the areas in M4H are occupied by offices and 
port-related companies, and therefore the area is usually 
quite empty. Therefore, the face-to-face survey were 
held on the eastern edge of M4H, where a huge roof park 
named ‘Dakpark’ (literally means rooftop park in Dutch) 
is located between Vierhavensstraat (main road) and 
Hudsonstraat (residential street). Next to the park is a 
residential area mixed with neighbourhood parks, school 
and a promenade along the river Nieuwe Maas. 
The second one is the city centre of Rotterdam, 
particularly on lively streets and urban squares with a 
mixture of shops, restaurants, cafés and public services 
such as library and train station. 
The third one is Kralingen, a neighbourhood located 
about 3 kilometres east of the city centre. Also, the area is 
where the main campus of Erasmus University Rotterdam 
situated.

3.1.4   Data analysis
The response outcomes of the questionnaire survey 
consisted of quantitative and qualitative data, namely the 
closed-ended rankings and the open-ended reasons for 
the preferences. Accordingly, two methods were applied 
to analyse the data: (1) Borda count and (2) qualitative 
content analysis methods.

- Ranking (quantitative data)
The ranking results were calculated and translated 
into points by adopting Borda count. This positional 
voting method is used “to evaluate a finite number of 
alternatives (e.g. projects, candidates, options, items), with

the goal  of  obtaining an overal l  ranking of  the 
alternatives” (Lansdowne & Woodward, 1996).

Borda count is also described as a consensus-based 
voting system, which can be applied to the context of 
this research and interpreted as below. The four different 
settings of the greenery types are the ‘candidates’; the 
survey respondents as ‘voters’; the points calculated from 
the ranking represents ‘votes’; and the greenery type 
received the most points will be the ‘winner’. The aim is 
to reach a ‘consensus’ on people’s general preferences in 
terms of thermal comfort and attractiveness considering 
the role of different types of street greenery. 

The analysis used a formula for counting the total number 
of points assigned to each greenery type. For example, 
each setting of the greenery type receives 4 points for 
being ranked first, 3 points for being ranked second, 2 
points for being ranked third and 1 point for being ranked 
last. As a result, the means and descriptive statistics were 
produced to describe the data.

- Reasons for preferences (qualitative data)
The open-ended reasons for respondents’ preferences 
were categorised and assigned to different themes 
associated with thermal comfort and attractiveness by 
using qualitative content analysis methods (Weber et al., 
2014; Mayring, 2010). 

The respondents put their ideas in the form of words, 
phrases or sentences to state the reasons behind their 
preferences, and these information were transcribed and 
analysed in three steps. First of all, the survey transcripts 
were categorised by reviewing and identifying the themes 
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related to the research questions. This analytical process 
is termed 'coding' (Mayring, 2010). 
Next, the number of times that certain keywords are 
being mentioned were counted and transformed into 
measureable numbers which can be used for quantitative 
analysis. Subsequently, the frequencies were calculated 
in percentage terms and verified by comparing the results 
between closed-ended rankings and open-ended reasons 
in order to have an insight into respondents’ preferences 
and to interpret the data.

3.2      Questionnaire Results and Discussion

3.2.1   Response outcomes
A total of 106 valid responses (N=106) were collected 
through the questionnaire survey, which comprised 64 
valid responses obtained from the online survey and 42 
valid responses acquired from the face-to-face survey. 

The responses outcomes of the face-to-face survey were 
classified into four groups: valid response, refusal, out of 
scope and sample loss (Table 3.2). Valid response refers to 
the correctly completed questionnaire; refusal indicates 
the selected people were refused to participate due to 
their personal circumstances (e.g. time issue, uninterested 
in the topic and language difficulties etc.); Out of scope 
implies the respondents were not in the target sample 
group (e.g. tourists from other Dutch cities or abroad); 
Sample loss means the questionnaires were incomplete 
and wrongly filled.

- Non-response rate
The response rate of face-to-face survey is 44.2%, with a 
slight majority of refusal (non-response rate 52.6%) that 
more than half of the selected passers-by were refuse to 
participate the survey. However, the response and non-
response rates mentioned above were only based on the 
response outcomes gained from face-to-face survey. 
The response data obtained from web survey is somehow 
difficult to specify because it was distributed as an open 
source (URL) for email receivers or Facebook surfers. In 
consequence, it is impossible to identify whether the 
survey is ‘refusal’ or not being returned resulted from 
other situations such as undelivered mails with the wrong 
addresses and the unread emails etc.

3.2.2   Survey respondents
- Addresses of homes or workplaces of the respondents
The locations of survey respondents’ homes or workplaces 
were mapped by asking the question “where do you 
live or work in Rotterdam” and people were requested 
to write down a street name. The results are shown in 
figure 3.9. According to this map, it is clear that the survey 
respondents comes from different parts of the city. This 
means that the questionnaire were evenly distributed in 
the study area.

Table 3.2 Response outcomes (valid responses N=106)
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- Age and gender composition of the survey respondents
The survey respondents were categorised into five age 
groups, varying between 13 and 83 years old. The mean 
age of the survey respondents was 41 years old.
The gender composition of survey respondents were 
almost equal, with a slight majority of male respondents 
(54%) (Figure 3.10).

3.2.3   People’s preferences in terms of thermal comfort 
and attractiveness considering the role of different types 
of street greenery
In this section, the questionnaire results were presented 
as a response to the sRQ 2 & 3. The contributions 
of different greenery types to thermal comfort and 
attractiveness in each functional zone were compared and 
discussed for the development of design guidelines.

The data set consisting of two variables (1) greenery types 
and (2) harbour functional zones. First of all, the ranking 
results gave an overview of the general evaluation among 
the four alternatives of greenery types (no vegetation, 
ground and low-height vegetation, wall vegetation, trees). 
Subsequently, the findings were verified by comparing 
the answers for closed-ended and open-ended questions 
and demonstrated according to harbour functional zone 
(port-industrial; new business; residential; residential 
waterfront). Finally, the link between perceived thermal 
comfort and attractiveness were discussed according to 
the questionnaire results.

Figure 3.10 Age and gender composition of the survey respondents
* One missing data on respondent’s age was found from the returned 
online questionnaire. Therefore, the analysis of the age composition 
was based on 105 age data

Figure 3.9 Locations of homes or workplaces of the survey 
respondents in Rotterdam. The pins in different colours refers to the 
survey respondents approached by using different methods: (blue) 
online survey and (red) face-to-face survey
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- Closed-ended questions: Ranking 
The preliminary results of the ranking show that people 
perceived ‘trees’ as the most thermally comfortable as 
well as the most attractive among the other greenery 
types; whereas the streets contained ‘no vegetation’ were 
always ranked last (Figure 3.11). 

Subsequently, the mean points of the different greenery 
types received in each of the four harbour functional 
zones were calculated, as shown in Table 3.3. 

Overall, the differences of perceived thermal comfort 
and attractiveness between ‘trees’ and ‘no vegetation’ 
were significant; whilst the differences between ‘ground 
and low-height vegetation’ and ‘wall vegetation’ were 
relatively small. ‘Trees’ was ranked as the most thermally 
comfortable and attractive with a mean points 3.84 and 
3.68 respectively, by using a four-point scale, which 4 is 
the highest point.

Figure 3.11 Rankings of different greenery types from the best (left) 
to the least (right) in terms of thermal comfort and attractiveness 
within four harbour functional zones

Table 3.3 Mean points of the different greenery types in each of the four harbour functional zones; 
by using a scale range from 1 (least thermally comfortable to; least attractive) to 4 (most thermally 
comfortable; most attractive) (N=106, standard deviation in brackets)
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Apart from that, the mean points of the four greenery 
types were rearranged in order and each of the harbour 
functional zones was distinguished by colours (Figure 
3.12). The results of this figure outlined the most favoured 
greenery types in each functional zones and illustrated 
the correlation between the different types of greenery 
and the four functional zones in harbour context. The 
results were then compared and interpreted according to 
functional zone, which were demonstrated as follows. 

First, in port-industrial area (purple) ‘trees’ was perceived 
as the most thermally comfortable followed by ‘no 
vegetation’ and ‘ground and low-height vegetation’; whilst 
the ‘wall vegetation’ received a relatively low ranking in 
terms of thermal comfort and attractiveness. 

Second, in new business area (yellow) ‘wall vegetation’ 
were considered as both thermally comfortable and 
attractive greenery type. Third, in residential area (green) 
‘trees’ is extremely attractive with thermal benefits 
followed by ‘wall vegetation’; whilst ‘no vegetation’ was 
ranked last and therefore must be avoided when planning 
the residential streets. Fourth, on residential waterfront 
(blue), ‘no vegetation’ and ‘ground and low-height 
vegetation’ were perceived as the most suitable for water-
related context while the ‘wall vegetation’ and ‘trees’ 
received less attention. 

Based on these results, a follow-up investigation of the 
reasons behind people’s preferences with relation to 
thermal comfort and attractiveness were conducted to 
further discuss the questionnaire results and relate to 
the relevant literature on thermal benefits and aesthetic 
values of different greenery types.

- Open-ended questions: Reasons for preferences
The results of the open-ended reasons for respondents’ 
preferences were analysed by means of thematic coding 
and categorising method. All the example of keywords 
given by the respondents were assigned to at least one 
of the six themes associated with thermal comfort and 
attractiveness, as shown in Table 3.4. 

Thermal comfort
People considered thermal comfort based on three 
aspects: the first one is related to ‘green infrastructure’ 
such as the types and amount of vegetation, the planting 
conditions and the functions of the street greenery; the 
second one is concerning their ‘perception’ both visually Figure 3.12 Visualisation of the ranking results. Mean points of the four greenery types in each of the 

harbour functional zones distinguished by colours: (purple) port-industrial; (yellow) new business; 
(green) residential; (blue) residential waterfront 
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and spatially; the third one is regarding ‘microclimatic 
parameters’ such as wind, sun, shade, humidity and 
building surfaces. 

Each aspect was divided into several sub-aspects for the 
assignment of keywords. For example, five sub-aspects 
were labelled as the theme ‘green infrastructure’ with 
respect to thermal comfort. The examples of keywords 
assigned to each sub-aspect given by the survey 
respondents are shown in Table 3.5.

Attractiveness
People evaluated attractiveness of outdoor spaces 
according to three aspects: the first one is ‘aesthetic 
reasons’ derived from their subjective preferences for the 
atmosphere of the space; the second one is related to the 
‘design quality of the street’, which covers a wide range 
of considerations such as visibility, safety, usability, sense 
of place, the design of street greenery and furniture, and 
whether the design fits its surroundings etc.; the last one 
some people associated the design of street greenery with 

Table 3.4 Six thematic categories with relation to thermal comfort and 
attractiveness for coding

Table 3.5 The example of keywords given by the respondents under 
the theme ‘green infrastructure’ with respect to thermal comfort
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‘environmental benefits’ such as air quality, biodiversity, 
bird habitat and water storage. The complete list of the 
examples of keywords given by the respondents are 
shown in appendix III. 

The results of respondents’ reasons for their preferences 
and what is the role of different greenery types can play 
in improving thermal comfort and attractiveness were 
presented respectively according to functional zone, 
namely port-industrial area, new business area, residential 
area and residential waterfront. For each functional 
zone, the results of the reasons for people’s preferences 
were compared and discussed in relation to the ranking 
results and linked to relevant studies on the benefits of 
different types of street greenery on thermal comfort and 
attractiveness of urban streets (see chapter 2.3).
The frequency of each keywords being mentioned were 
counted and calculated in percentage terms, as shown in 
Table 3.6 to 3.8.

Port-industrial area
Regarding thermal comfort, ‘ground and low-height 
vegetation’ (mean 2.52) was ranked higher than ‘wall 
vegetation’ (mean 2.42) on a scale range from 1 to 4. On 
the contrary, ‘wall vegetation’ (mean 2.50) has higher 
rank than ‘ground and low-height vegetation’ (mean 2.41) 
in terms of attractiveness (Figure 3.13).

Generally, people tend to feel more thermally comfortable 
when the presence of greenery are in their visual field. 
It also relates to less stone surfaces and pavements. This 
finding confirms that of an earlier study (Klemm et al., 
2015b), which suggested good visibility of street greenery 
lead to a better thermal perception. 

When it comes to attractiveness, people appear to 
appreciate the streetscape especially when the greenery 
are integrated into the landscape and reflected the 
harbour context. This explained the reason why ‘wall 
vegetation’ was ranked higher than ‘ground and low-
height vegetation’ due to the climbing plants are usually 
combined with the existing structures such as walls, 
fences and building façades.
Overall, people consciously aware that the port-industrial 
zone is a working area, so their expectations of the street 
were featured with wild landscape and low maintenance 
greenery, and thus ‘naturalness’ (mentioned 8/19 times) 
and ‘fit the surroundings’ (mentioned 16/63 times) are 
relatively important. For the same reason, ‘openness’ 
(mentioned 14/25 and 10/20 times respectively in terms 
of thermal comfort and attractiveness) is another key 
factor for such a working area, in order to keep the 
harbour functioning but also to provide an open view of 
the surroundings, therefore, too much green decoration is 
considered as unnecessary.

Figure 3.13 A comparison between the different greenery types in 
terms of thermal comfort and attractiveness in a port-industrial area. 
The number refers to the mean points on a scale range from 1 to 4
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Figure 3.14 A comparison between the different greenery types in 
terms of thermal comfort and attractiveness in a new business area. 
The number refers to the mean points on a scale range from 1 to 4

New business area
Apart from trees, ‘wall vegetation’ was ranked the highest 
in relation to perceived thermal comfort (mean 2.74) and 
attractiveness (mean 2.76) on a scale range from 1 to 4 
(Figure 3.14).

‘Wall vegetation’  was perceived as attractive and 
significantly valued by people in an aesthetic terms. 
Because the green elements were integrated into existing 
urban fabric and shape the atmosphere which is suitable 
for the business area with a lot of buildings varied of 
heights. People described the atmosphere as ‘modern’; 
‘professional’; ‘innovative’; ‘beautiful’; ‘inviting’. This 
finding confirms earlier studies pointed out that the 
aesthetic quality and appreciation of the environment can 
be enhanced by adding, subtracting and interacting with 
other landscape elements (Thayer & Atwood, 1978). 

‘Wall vegetation’ (mean 2.74) was perceived as more 
thermally comfortable than ‘ground and low-height 

vegetation’ (mean 2.35) owing to the large building 
surfaces were covered with vegetation, and hence it looks 
greener and more observable for people. This result is 
in line with earlier studies on the physical thermal effect 
of covering the building enveloped with wall vegetation 
indicated that “the larger amounts of solar radiation a 
surface receives, the larger its temperature decreases are 
when it is covered with vegetation” (Alexandri & Jones, 
2008). 
Although ‘trees’ received the highest point among other 
greenery types in a business area, it has a relatively low 
rank by comparison with the other three functional zones 
(Figure 3.12). This is because people preferred to have 
a clear overview of the surroundings which contains 
sufficient information and environmental cues for them 
to recognize the place, and consequently ‘openness’ 
(mentioned 7/20 times in terms of attractiveness) is 
an important quality for a business district. However, 
people valued the functions of trees to provide shadows 
for roadside parking as well as for the pedestrian that 
supports the use of outdoor spaces.

Residential area
‘Trees’ was top-ranked for improving perceived thermal 
comfort (mean3.87) and attractiveness (mean 3.77) on a 
scale range from 1 to 4 (Figure 3.15).

‘Trees’ is the key element to improve thermal comfort in 
the neighbourhoods owing to the shade provided by trees 
and it also shelter people from the direct sunlight and the 
rain. Giving people the feelings ‘comfortable’; ‘refreshing’ 
and ‘relax’ which is suitable for a living area. Meanwhile, 
‘trees’ was also perceived as the most attractive greenery 
types and has the greatest influence on people’s 
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preference. This finding confirms earlier observations 
indicated that attractiveness was considered as the most 
important benefits of trees, and usually larger trees are 
aesthetically preferable than smaller trees (Smardon, 
1988).  

Besides, people addressed ‘flowers’ (mentioned 10/16 
times), ‘colour’ (mentioned 7/20 times) and ‘species 
diversity’ (mentioned 4/16 times) in their neighbourhoods 
as attractive elements. Because people associated these 
factors with ‘colourful’; ‘happiness’; ‘cosy’; ‘beautiful’; 
‘delightful’; ‘inviting’; ‘visually appealing’. These findings 
confirms earlier studies pointed out that colour is one of 
the most influential vegetation characters in determining 
residents’ environmental satisfaction (Qin et al., 2013); 
and flowers were the most favoured element beneath 
trees in a residential street. As it not only contributing 
to the aesthetic quality of the streets but also having a 
positive effect on psychological well-being (Todorova et 
al., 2004).

Residential waterfront
‘Ground and low-height vegetation’ was ranked slightly 
higher than ‘wall vegetation’ in terms of thermal comfort 
(mean 2.53) and attractiveness (mean 2.47) on a scale 
range from 1 to 4 (Figure 3.16).

The results show that people relate their thermal 
perception on the waterfront not only to greenery but 
also to microclimatic parameters such as wind and 
water. As a result, an open structure on the waterfront is 
perceived as both thermally comfortable and attractive 
because of the ventilation and the view of water. This 
reflects in the ranking results which ‘trees’ received less 
attention due to the possibilities of obstructing the view. 

For the same reason, ‘ground and low-height vegetation’ 
is suitable for the waterfront because it is more visible 
and people tend to feel cooler when the greenery are at 
their eye level. 

Figure 3.16 A comparison between the different greenery types in 
terms of thermal comfort and attractiveness in a residential waterfront. 
The number refers to the mean points on a scale range from 1 to 4

Figure 3.15 A comparison between the different greenery types in 
terms of thermal comfort and attractiveness in a residential area. The 
number refers to the mean points on a scale range from 1 to 4
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When referring to attractiveness, people considered ‘view’ 
(mentioned 23/41 times) is extremely attractive and as 
one of the crucial factors in evaluating the quality of the 
waterfront. Apart from that, people associated waterfront 
with outdoor experiences which involves varied outdoor 
activities such as sitting on the grass, reading, eating, 
cycling along the waterfront and walking under the trees 
etc. ‘Ground and low-height vegetation’ also fit in this 
case because it can function as a green carpet that keep 
the space open and leave room for adding leisure facilities 
on top of it to support those possible activities. In this 
way, the interaction between people and greenery are 
also increase. This findings confirms previous studies 
indicated that grass correlates positively with outdoor 
activities, whilst shrubs are usually negatively associated 
with most activities due to their existence reduces the 
space available for activity (Smardon, 1988).

- The relationship between perceived thermal comfort and 
attractiveness
According to the questionnaire results, among the 106 
valid responses, 47% ranked in the same order with 
respect to thermal comfort and attractiveness for the 
port-industrial area; 55% for the new business area; 60% 
for the residential area; 65% for the residential waterfront. 

The ranking orders for each functional zones with relation 
to thermal comfort and attractive were presented nearly 
the same except for the port-industrial area, which the 
‘ground and low-height vegetation’ were perceived as 
more thermally comfortable than ‘wall vegetation’ yet 
less attractive concerning aesthetic appreciation. 

This result shows that there is a significant correlation 
b e t w e e n  t h e  p e r c e i v e d  t h e r m a l  c o m fo r t  a n d 
attractiveness. In other words, people considered thermal 
comfort as a key factor to determine whether an outdoor 
space is attractive. 
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Table 3.6 The number of times being mentioned (N) and the frequency (%) of the keywords associated 
with thermal comfort

Table 3.7 The number of times being mentioned (N) and the frequency (%) 
of the keywords associated with attractiveness (green factors)

Table 3.8 The number of times being mentioned (N) and the frequency (%) of the 
keywords associated with attractiveness (other factors)
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3.3      Limitations and Critical Reflections of the Study 
Design

- Comparison between online and face-to-face surveys
In this study, the mixed methods of quantitative and 
qualitative research approaches were applied for empirical 
data collection by mean of questionnaire survey. 
The distribution of the surveys used two strategies, 
namely online and face-to-face surveys, in order to reach 
a wide variety of people and to increase the response 
rate. To compare these two strategies, each of them 
reflects different advantages and disadvantages but 
complementary roles in contributing to the response 
outcomes. 

On the one hand, the main disadvantages of online 
surveys are the relatively low response rate due to the 
unpredictable individual circumstances (e.g. unread 
emails; messages are being ignored; uninterested in 
the topic etc.) and uncontrollable variations result 
from less guiding from the survey interviewer such as 
misunderstanding the questions, incomplete or wrongly 
filled questionnaire etc. However, people are given 
freedom in time of answering the questionnaire and this 
helps to obtain well described and in-depth response 
outcomes. 

On the other hand, the advantage of the face-to-face 
survey is the interaction between respondent and survey 
interviewer. The lively process of communication enable 
the survey interviewer to ask further questions based 
on certain points provided by the respondents. On the 
contrary, the main disadvantage of the face-to-face survey

is  the language barr iers .  A l though most  of  the 
respondents can speak fluent English, but they might have 
difficulties to find the proper English words and express 
their opinions precisely, and this may lead to a general 
statement. Additionally, it is observed that the repeating 
evaluation process may distract respondents’ attention, 
lose their patience and hence influence the response 
outcomes.

- Response outcomes
Regarding the survey outcomes, the questionnaire 
comprised two main questions associated with thermal 
comfort and attractiveness, people were asked to answer 
the questions by first ranking the images and then 
explaining why. Accordingly, two types of answers were 
collected and analysed. 

It is observed that the ranking results are relatively 
general, but it provided a basis for the follow-up 
investigation of the reasons behind people’s preferences, 
and at the same time the reasons contribute meaningful 
information to understand the research outcomes and 
give specific design advices. In other words, these two 
types of answers complement one another by comparing 
the results and relating to the relevant literature in order 
to put a comprehensive interpretation on the survey 
results.
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- Potential difficulties and limitations of applying visual 
approach to investigate people’s perception in terms of 
thermal comfort and attractiveness
There are some potential difficulties and limitations 
associated with the application of a visual approach to 
investigate people’s perception. 

One potential limitation concerns the design of the images 
used in the questionnaire. That is to say, people answered 
the questions only based on the presented images, 
and this would lead to bias according to the process of 
photography acquisition and image editing. Consequently, 
design and analysis techniques were applied to tackle 
these limitations by developing different alternatives and 
performing the sample images among participants to test 
the efficiency before distributing the final version of the 
questionnaire (see chapter 3.1.1).

Another potential difficulty in using visual approach to 
investigate people’s perceived attractiveness involves 
judged complexity. In other words, people’s interpretation 
of images comprises a complex interaction between 
different greenery types, which is the domain factor in 
this study, and other design elements contained in the 
images such as street furniture, house types, water etc. 
The latter factors also affect the attractiveness perceived 
by people. However, some of the factors addressed by the 
survey respondents are uncontrollable (e.g. existing urban 
built form etc.) and irrelevant to the main focus of this 
research, which is the design role of street greenery. 

In the present study, empirical questionnaire surveys were 
applied to investigate people’s perception of different 
types of urban vegetation and its effects on their long-
term thermal comfort and attractiveness of outdoor 
spaces in harbour contexts. 

Regarding the research methods, it is recommended to 
use the mixed methods of quantitative and qualitative 
research approaches to develop the questionnaire 
survey. The survey comprises closed-ended and open-
ended questions helps to interpret the data and to have 
an insight into the research outcomes. Quantitative and 
qualitative data have different but complementary roles in 
answering the questions associated with thermal comfort 
and attractiveness. By integrating the questionnaire 
results of these data design guidelines can be generated 
(see chapter 4).
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Photo credit: Christy Tang. (2014).

67

Q
ue

st
io

nn
ai

re
 S

tu
dy



4
Design 

Guidelines



- The development of design guidelines
This chapter illustrated the general design guidelines 
and practical design recommendations for each harbour 
functional zones based on the questionnaire results from 
the previous chapter 3.2.3 and relevant literature in 
chapter 2. 
The empirical research findings were analysed and 
integrated for the development of design guidelines. 
The closed-ended rankings (quantitative data) gives an 
overview of the contributions of different types of street 
greenery and establishes a basis for further interpretation 
of the evaluation. Subsequently the open-ended reasons 
(qualitative data) explains the reasons behind people’s 
preferences and provides practical design advices for each 
functional zone in harbour contexts.

4.1      General Design Guidelines

The sum points of the different greenery types were 
calculated (Table 3.5) and visualised (Figure 3.12) in 
each of the four harbour functional zones. The results 
show that in the port-industrial area and on residential 
waterfront the combination of ‘trees’ and ‘ground and 
low-height vegetation’ was slightly preferred among the 
other greenery types; whilst in the new business area and 
residential neighbourhoods the combination of ‘trees’ and 
‘wall vegetation’ was more favoured by people.

This findings can be used as a basis to combine different 
types of street greenery in the planning and design 
process, and adapted to different contexts according to 
the site-specific conditions and spatial characteristics.

Figure 4.1 Sum points of the different greenery types in each of the 
four harbour functional zones. The number refers to the mean points 
by using a scale range from 1 to 4, which 4 is the highest point; the 
size of the dots approximates the total of the points

Figure 4.2 Visualisation of the general design guidelines; the size of 
the dots approximates the total of the points
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Table 4.1 Design guidelines and recommendations for the four functional zones in harbour contexts
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4.2      Design Guidelines and Recommendations for the 
Four Harbour Functional Zones

Four functional zones in harbour contexts (port-industrial; 
new business; residential; residential waterfront) were 
identified with different spatial characteristics. For each 
of them different planning and design guidelines for 
improving perceived thermal comfort and attractiveness 
are shown in Table 4.1.

I n  a d d i t i o n  to  re s p o n d i n g  to  d i f fe re nt  s p at i a l 
characteristics of each functional zones, some general 
planning and design guidelines on greening were 
summarised as follows:

•  Preserving the existing green areas and on-site green 
elements, extending the green volumes and adding 
diversity based on the original vegetation structure.

•  Using local plant species which fits to the climatic 
characteristics.

•  In general, broad streets are often found in a former 
harbour area due to previous use of port activities and 
transportation. For improving perceived thermal comfort 
and attractiveness in wider canyons, it is important to 
focus on the presence of vegetation in people’s visual 
field, by using different greenery types with various 
physical features (i.e. vertical, horizontal, 3D objects) to 
increase the visibility of street greenery.

•  Checking underground infrastructure in order to ensure 
the possibility for healthy plant growth. The underground 
infrastructure systems are generally more complex in 
new business and residential areas in response to energy 
supply and demand.

Photo credit: Christy Tang. (2014).
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5
Case Study

Merwe-Vierhavens, 
Rotterdam



5.1      Background Analysis

5.1.1   A brief overview of port-city developments in 
Rotterdam
Rotterdam recovered rapidly after World War II and 
the city is undergoing constant change. The actual 
redevelopment of urban waterfront in Rotterdam started 
in 1980s, basically can be divided into two stages.

The first stage began since the municipality of Rotterdam 
launched a large scale waterfront regeneration project 
named Kop van Zuid (KvZ), which can be translated as 
Southern Headland. The project area is a peninsula 
located on the south bank of the river Nieuwe Maas, 
where used to function as a working dock with shipyards. 
However, all the port activities were ultimately shut 
down when the port moved west to the mouth of the 
river during the 1960s and 1970s. As a result, this area 
was abandoned and became the breeding ground for 
social problems and had a poor image because of the low 
educational achievement and high unemployment rates, 
which made this area unattractive to private investment 
and those people who with choice to settle down. 

In consequence, the project of Kop van Zuid aims to 
transform the derelict port sites into a lively mixed-use 
area by building up physical connection between port 
and city and bridging the psychological gap in order to 
reverse the image of the city for business investors and 
young potentials as well as to enhance local identity for 
residents. 

After the success in the first stage of waterfront 
revitalization, the second stage started in 2002. The 
Stadshavens project, as a large scale urbanization plan, 
initially targeted the same strategy as Kop van Zuid with 
great ambition. However, the city and port authorities 
and decision makers realised that it is not comparable 
and infeasible to tackle this two cases in the same way. 
The reason is that the fundamentally different locations, 
Kop van Zuid is in the vicinity of the city centre, whilst 
Stadshavens area is on the periphery of the city. Also, the 
outbreak of the economic crisis made this ambitious plan 
unavailable. Consequently, an alternative strategy was 
formulated and approved in 2007. 

The new strategy tends to approach the development 
by using small interventions aim at specific area and 
providing countermeasures to deal with the local 
dynamics. Unlike Kop van Zuid, the majority of the ports 
in Stadshavens area will keep working before the port 
activities being relocated to other places and gradually 
being taken over by urban functions such as residential 
districts, office buildings and recreational public spaces. 

Therefore, the port’s economy still plays a role for this 
stage of the waterfront development and needs to be 
taken into account. A bottom-up process of change is 
expected and the municipality and the port authority 
attempts to develop the port as well as the city in a 
harmonic way, so called ‘organic development’ that 
several adaptive plans are employed to cope with the 
future uncertainties and the transformation process will 
take place by evolving a symbiotic relationship between 
port and city. 
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In short, Stadshavens put emphasis on the 
alliance between port and city and aims not only 
to exploit the financial potential for port activities 
with add values for the surrounding areas, but 
also to transform the area into a desirable living 
and working environment.

The port-city development and the evolution 
of port-city relations were summarised in 
chronological sequence, as shown in Table 5.1.

5.1.2   The project ‘Stadshavens Rotterdam’
Stadshavens, literally translated as city ports, is 
an area located in the peripheral suburbs of the 
city of Rotterdam, which covering 1600 hectares 
of land and water consisting of four harbour 
sites: Rijn-Maashaven, Waal-Eemhaven, RDM-
Heijplaat, and Merwe-Vierhavens (Figure 5.1). 

Each  area  has  d i f ferent  focuses  for  the 
redevelopment according to context and spatial 
characteristic. The Stadshavens area of Rotterdam 
is the conjunction area between the city and 
the port, the four active harbour sites within 
this area are the only ones still situated inside 
Rotterdam’s highway rim, providing jobs to more 
than 20,000 people. However, almost the entire 
area is currently surrounded by dikes, heavy rail 
infrastructure, and social-class neighbourhoods; 
many public spaces and buildings in this area are 
in poor condition or disused after the westward 
expansion of ports, which makes the area less 
attractive and in urgent need for improvement 
(Daamen & Vries, 2012). 

Table 5.1 Port-city evolution timeline in Rotterdam. Inspired by Hoyle, 1989.
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Hence, the objective of this project is to improve social, 
economic, and environmental conditions of the area by 
developing high quality living and working environment 
that directly links to education and the local labour market 
and adapts to climate change. 

5.1.3   Site selection: Merwe-Vierhavens (M4H), 
Rotterdam
The redevelopment of Merwe-Vierhavens (M4H) is 
an ongoing project launched by the municipality of 
Rotterdam and Rotterdam Port Authority under the major 
project Stadshavens Rotterdam.

Merwe-Vierhavens is the only area located in the north 
bank of the river Nieuwe Maas that neighbours with the 
city centre, which means the area has a better accessibility 
as an ideal living and working location.

According to Rotterdam’s city vision on M4H, the area will 
transform into a mixed-use area that supports high-skilled 
economy with housing-friendly companies and creates an 
attractive water-oriented living environment with 4500-
6500 homes to attract people (Figure 5.2). 

By developing M4H, the surrounding areas are expected 
to benefit from the new opportunities offered by 
M4H development and encourage local growth. Apart 
from that, the municipality and the port authority has 
the ambition to make Merwe-Vierhavens functions 
as an international experimental site for testing and 
demonstrating innovative production industry and 
knowledge business in the field of Clean Tech (i.e. energy 
supplies and water management) (Gemeente Rotterdam, 
2011; Gemeente Rotterdam & Havenbedrijf Rotterdam, 
2009).

Figure 5.1 Location of the main harbour sites within Stadshavens area 
in Rotterdam (Gemeente Rotterdam, 2011)

Figure 5.2 Development scenario and zoning plan for Merwe-
Vierhavens. According to Gemeente Rotterdam, 2011
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Figure 5.3 Average surface temperature of Rotterdam based on 15 
Landsat images (Klok et al., 2009)

However, the current situation of the area is unattractive 
to people as a living environment due to the function-
oriented development. Almost the whole area is 
surrounded by industrial roads mainly for transportation 
purpose and with a general lack of street greenery, which 
makes a greyish streetscapes of the area. Besides, M4H is 
located in the area with the highest surface temperature 
within the city of Rotterdam, which is an indicator of 
experienced heat and considering its built features, 
we can safely assume that the area has a poor thermal 
condition and suffered from urban heat problems.

To sum up, Merwe-Vierhavens has high potentials and 
opportunities for improvement in terms of thermal 
comfort and attractiveness. This area is facing the same 
problems and has the similar circumstances to many other 
port cities around the world, which means it is possible to 
enlarge the applicability of the research outcomes. Also, 
it is an ongoing project launched by the municipality of 
Rotterdam and Rotterdam Port Authority, which makes 
this research more practical and connect to the real world. 
Therefore, Merwe-Vierhavens is selected as the case 
study area for the present study.

5.2      Site Analysis
5.2.1   Heat stress
It is observed that urban heat islands are often emerged 
in highly urbanised cities like Rotterdam resulted from the 
constantly evolving process of post-war reconstruction 
and urban developments. Anthropogenic heat produced 
by human activity contributes to the warming effect in 
the urban area. In Rotterdam, a relatively high surface 
temperature in the city centre (29°C) was observed, and 
the hottest spot is emerged at Nieuw Mathenesse (33°C), 

where the city and the port meet within Stadshavens area 
(Figure 5.3).

It must be noted that the measured surface temperature 
on urban boundary layer is not equal to people’s thermal 
perception. However, it could be an indicator suggest 
that the area is vulnerable to extreme heat and possibly 
contribute to thermal discomfort. According to the 
measurements conducted in Rotterdam, a relatively high 
physiological equivalent temperature (PET) was observed 
in the industrial areas northwest of Rotterdam city, where 
M4H is situated. (Hove et al., 2011b). 

5.2.2   Street types
The analysis of four harbour functional zones were 
based on the zoning plan formulated by the municipality 
of Rotterdam (Figure 5.2). Each zone have different 
street geometry and spatial characteristics according 
to the current situation. The aspect ratio of each street 
is calculated and analysed, as shown in Figure 5.4. The 
result shows that the dimension of the streets in M4H are 
relatively broad and very often have an aspect ratio below 
0.5, which can be defined as avenue canyon (Carmona, 
2010; Ali-Toudert & Mayer, 2006). 
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This is mainly resulted from its harbour context and the 
transportation needs of the area. 

However, wider canyon may lead to higher surface 
temperature due to larger surfaces exposure to 
the sun, but at the same time it has more spaces 
for outdoor activities. Therefore, the role of street 
greenery is significant in improving thermal comfort and 
attractiveness of the canyon. As Ali-Toudert & Mayer 
(2006) suggested that "contemporary urban design must

integrate motor traffic (i.e. wider streets) and a greater 
degree of activity to support social urban life". This 
means that the street design solutions should "meet both 
comfort and usage needs". Besides, in a wider canyon, 
shading strategies and the thermal benefits of urban 
vegetation should be implemented directly at street level 
(e.g. grass ground covers, green walls, green façades, low 
plants and rows of trees etc.) (Ali-Toudert & Mayer, 2006).

Figure 5.4 Street analysis according to harbour functional zones in M4H area
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5.2.3   Green structure and typology of green spaces
The local vegetation structure and the existing green areas 
consisted of different types of green elements in M4H 
were mapped. The implementation of design guidelines 
and the follow-up design of street greenery will be 
developed based on the original green structure.

Figure 5.5 Existing green structure and the typology of green areas in M4H area
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5.3      Implementation of Design Guidelines
The current situation of the spatial contexts in M4H area 
are presented, followed by the design for each functional 
zone and the reference images that represents different 
types of street greenery.

Port-industrial Area New Business Area
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Photo credit: Christy Tang. (2014).



Residential Area Residential Waterfront
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Keeping the existing roadside trees and 
using the same species of tree (i.e. Ulmus 
x hollandica 'Dampieri') to function 
as natural buffer to visually obstruct 
incompatible industrial scenes.

Combining the vegetation design with 
rough materials such as CorTen steels 
and gabions filled with rocks to shape the 
harbour character.
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Replacing the paving materials in parking 
lots and low-traffic roads with different 
designs of the pavements combined with 
low maintenance ground vegetation (e.g. 
grass pavers). In this way, the street are 
visually greener at pedestrian level and in 
the meanwhile to ensure work efficiency 
associated with transportation in terms of 
accessibility and connectivity.
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The underground infrastructure systems 
are generally more complex in business 
area due to the energy supply and demand 
for the companies and office buildings. In 
this case, planting beds can be applied on 
the sidewalk and combined with the design 
of street furniture that supports outdoor 
activities.
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Adding the green traffic island in the 
middle of the road for extending the green 
volume at street level. This also helps 
to enhance traffic safety by providing 
pedestrian refuge and slowing the cars due 
to the width of the road has shrunk.

Greening the building façade with wall 
vegetation to increase the visibility of 
greenery and enhance aesthetic quality.
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Using local tree species (i.e. Gleditsia 
triacanthos 'Skyline').  Furthermore, 
selecting slow-growing trees with a small 
root ball to keep the tree roots from the 
sewer lines.

Diversifying the neighbourhood by using 
various plant species that shows different 
colours (e.g. leaf colouring of deciduous 
trees, flowering trees or flowers etc.) and 
textures to enrich the aesthetic quality 
and people’s perception in their living 
environments.
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Planting large trees in the residential 
street to shelter residents from different 
weather conditions (i.e. sun, wind, rain) 
and at the same time attract bird habitat 
that increases aesthetic quality of the 
neighbourhood.

Using low plants beneath trees to create 
different layers of street greenery (i.e. 
plants with different heights) that contains 
more varied vegetation in people’s visual 
field.
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Softening the edge of riverbank by using 
aquatic and water-friendly plants. This not 
only contributes to thermal comfort but 
also enhances the attractiveness of the 
waterfront.

Positioning the trees concerning the 
view and the need for shaded areas that 
supports various outdoor activities.
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Using ground and low-height vegetation 
(e.g. grass, shrubs, hedges, small trees etc.) 
to design the streetscape that provides an 
open view and spatial experience of the 
water-front for user enjoyment.

Integrating the green elements into the 
design of street furniture such as benches 
and streetlamps.
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6
Conclusion & 

Recommendations



6.1      Conclusion

For answering the global issues associated with climate 
change and post-industrial urban development in 
contemporary world port cities. This thesis proposes a 
set of design guidelines for thermally comfortable and 
attractive streetscapes in harbour contexts based on 
people’s perception of different greenery types. The 
results of this thesis support landscape architects and 
urban planners to plan suitable types of street greenery 
within various harbour functional zones. The former 
harbour sites can be converted into new living and 
working environments with thermally comfortable and 
attractive streetscapes by applying the generated design 
guidelines. That way, this thesis contributes to the process 
of harbour redevelopments and post-industrial urban 
plans to develop climate-adaptive and more liveable 
urban environments in growing cities.

In the present study, literature review and questionnaire 
survey were applied to investigate the impacts of different 
types of street greenery on people’s long-term thermal 
perception and aesthetic appreciation. The questionnaire 
study in the form of online and face-to-face surveys were 
conducted in the city of Rotterdam, the Netherlands, in 
2014. This investigation focuses on four alternatives of 
greenery types (no vegetation, ground and low-height 
vegetation, wall vegetation, trees) within different 
harbour functional zones on warm summer days and 
answered the following research questions:

What design guidelines for thermally comfortable and 
attractive streetscapes in harbour areas can be generated 
based on people’s perception of street greenery?

[sRQ1]  What are the different functions and typical urban 
typologies applied to harbour redevelopment projects and 
in post-industrial urban plans?
First, four different functional zones in harbour contexts 
were identified by literature review (see chapter 2.1.2) 
and on the basis of municipal zoning plan (Figure 5.2). 
The typical urban typologies represent different spatial 
characteristics (Table 3.1) and the most common 
functions adapted to the former harbour sites are: (1) 
port-industrial, (2) new business, (3) residential and 
(4) residential waterfront (see chapter 3.1.1 under the 
subtitle of ‘variables’). These common development 
orientations are extensively appl ied to harbour 
redevelopment projects and in post-industrial urban plans 
for transforming the former harbour areas into new living 
and working environments.

[sRQ2 & 3]  What are the contributions of different types 
of vegetation in urban streets to improve perceived 
thermal comfort and attractiveness of different functional 
zones in harbour contexts?
Second, a visual questionnaire survey were developed 
(see chapter 3.1) and applied to investigate people’s 
perception of (1) no vegetation, (2) ground and low-height 
vegetation, (3) wall vegetation and (4) trees associated 
with thermal comfort and attractiveness of the four 
harbour functional zones.
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The contributions of each greenery type to people’s 
perceived thermal comfort and attractiveness were 
illustrated in chapter 2.3, followed by chapter 2.4 which 
describes the impacts of the interaction between the 
existing urban built form and vegetation on people’s 
perception in relation to their thermal comfort conditions 
and aesthetic appreciation. The questionnaire results (see 
chapter 3.2.3) confirmed the previous studies and also 
answered sRQ2 & 3 associated with perceived thermal 
comfort and attractiveness.

In general, street greenery improves thermal comfort 
conditions within urban canyons by providing shade, 
sheltering people from the unpleasant summer sun and 
cooling the air through evapotranspiration. These are 
the physical functions of the urban vegetation. Besides, 
psychological functions of urban vegetation involves 
visibility and spatial experience provided by the plants in 
different forms, colours, textures etc. 
The role of different greenery types in improving 
perceived outdoor thermal comfort and attractiveness 
demonstrates the following:

Ground and low-height vegetation (e.g. grass, shrubs, 
bushes, hedges, and planting beds etc.) represents 
horizontal green feature that reflects an open structure 
of the space, also it supports the possibility of outdoor 
activities (e.g. resting, sun-bathing, reading, eating, 
sleeping etc.).  Therefore, ground and low-height 
vegetation is suitable for residential waterfront, where 
people prefers to have open views and more spaces for 
leisure activities. 

By contrast, in port-industrial area ground and low-height 
vegetation should be implemented not for recreational 
but transportation purposes by replacing the pavements 
with ground vegetation covers (e.g. grass pavers). 

Wall vegetation in the form of green walls and green 
façades are considered as both thermally comfortable 
and attractive in new business area. Due to large 
building surfaces are covered by vegetation, which helps 
to decrease the surface temperature and cool the air. 
Furthermore, it looks greener from pedestrian’s point of 
view and gives people refreshing feelings. Additionally, 
wall vegetation integrated into the existing urban 
structures such as building façades and walls are beneficial 
for shaping harbour characters and thus enhancing the 
attractiveness of port-industrial area.

Trees is the most observable green elements (3D objects) 
in street canyons and it possesses physical features 
such as heat absorption and thermal conductivities that 
helps to regulate thermal conditions. Also, the shading 
effects of trees significantly contributes to people’s 
thermal perception and attractiveness of outdoor spaces 
especially in hot summer days. In residential area people 
valued trees both in physical as well as in psychological 
terms. Also, residents associated trees with biodiversity 
that creates natural habitat for birds and this increases 
the aesthetic appreciation of the neighbourhoods.

Based on the empirical evidence, it is recommended to 
use different types of street greenery, especially trees 
combined with other green elements, to design the 

96

Co
nc

lu
sio

n 
&

 R
ec

om
m

en
da

tio
ns

 



streetscapes according to the harbour functional zone 
(see chapter 4). Besides, enhancing the visibility of street 
greenery is expected to have positive effects on improving 
people’s perceived thermal comfort and aesthetic 
appreciation.

[DQ1]  How can design guidelines be implemented 
on urban streets with different functions and street 
configuration in the Rotterdam harbour areas?
The general design guidelines and practical design 
recommendations for each functional zone were 
presented in chapter 4. These design guidelines were 
then implemented into the case study area of Merwe-
Vierhavens in Rotterdam (see chapter 5).

The application of design guidelines can be processed by 
taking three steps:

Background analysis
First of all analysing the intensity of heat island effects in 
the selected site as the main problem to be solved. Next 
identifying the spatial context according to function and 
spatial characteristic through site analysis. It is important 
to analyse the existing built environment and street 
geometry such as aspect ratio, because it determines 
‘what and how’ greenery types will be implemented 
into the street canyons. Then investigating original green 
structure helps to preserve the existing green areas and 
to make use of local green elements for designing the 
streetscapes by means of street greenery.

Developing design guidelines
According to the site analysis, the general design 
guidelines should be modified and adapted to site-specific 
context in order to fit into the selected site. For example, 
the spatial profile of the street such as street width 
and underground infrastructure are crucial factors that 
affects the implementation of street greenery. Different 
alternatives of greenery types can be applied in order to 
optimise the benefits in terms of thermal comfort and 
attractiveness.

Design guidelines application
Finally the design guidelines can be implemented and 
subsequently developed the detailed design. The further 
detailed design includes the street furniture in response 
to people’s need for outdoor activities (e.g. benches, 
bicycle parking racks etc.) and safety consideration (e.g. 
street lighting facilities).
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A few studies have indicated the contribution of street 
greenery in relation to people’s perceived thermal comfort 
and aesthetic appreciation. 

Lenzholzer & Koh (2010) reported that there are 
significant correlations between people’s perception of 
the spatial environments and their thermal experience. 
In addition, Klemm et al. (2015ab) demonstrated the 
relations between green spaces and people’s long-term 
perceived thermal comfort and aesthetic appreciation 
associated with the evaluation of green street design. 

Based on these earlier studies and the research findings 
presented in this thesis, it is assumed that people’s 
perceived thermal comfort and aesthetic appreciation are 
influenced by individual positive experience both spatially 
and visually related to street greenery (Figure 6.1). 

More in-depth studies on the impacts of street greenery 
on people’s perceived thermal comfort and attractiveness 
from a psychological  perspective are needed to 
investigate the link between street greenery and people’s 
environmental experiences in terms of thermal perception 
and aesthetic appreciation.

- Value of this research
This thesis contributes to the redevelopment of 
harbour areas being converted into more liveable urban 
environments by proposing empirical-based design 
guidelines for thermally comfortable and attractiveness 
streetscapes in harbour contexts. 

The general design guidelines can be applied globally 
to other port cities under similar weather conditions 
and circumstances. However, the follow-up design 
phases should be localised and focus on site-specific 
characteristics. 

In the present study, visual questionnaire surveys were 
conducted in the city of Rotterdam to investigate the 
impacts of different types of street greenery on people’s 
long-term perceived thermal comfort and aesthetic 
appreciation. In other words, the research methodology 
by means of questionnaire surveys designed in a visual 
approach can also be applied to any other cities for 
empirical data collection.
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Figure 6.1 The contribution of street greenery in relation to thermal 
comfort and attractiveness



To conclude, the contributions of this thesis were 
summarised into two aspects: research methods and 
design practice. 
On one hand, the value of using questionnaire survey for 
developing empirical-based design guidelines is that this 
research method (i.e. research through designing) involves 
design activity, which helps to investigate the design role 
of street greenery in shaping people’s perceived outdoor 
thermal comfort and attractiveness.
On the other hand, the design guidelines supports 
landscape architects and urban planners to design suitable 
types of street greenery within various spatial harbour 
zones in harbour redevelopment projects and post-
industrial urban plans. By applying the generated design 
guidelines in former harbour areas new living and working 
environments with thermally comfortable and attractive 
streetscapes can be created.
Furthermore, this thesis especially contributes to 
the ongoing harbour transformation plan of Merwe-
Vierhavens in Rotterdam. 

6.2     Recommendations for Further Research

This research attempts to provide evidence-based 
k n ow l e d ge  o n  p e rc e i ve d  t h e r m a l  co mfo r t  a n d 
attractiveness in connection with people’s perception of 
different greenery types for design guidelines generation. 
However, the completion of this thesis is not a destination 
but a start of the investigation of this research subject 
and should be continued. More insights into the effects 
of urban vegetation on people’s perceived thermal 
comfort and aesthetic appreciation from a psychological 
perspective are needed to broaden the sphere.

Some possible directions and recommendations for 
further research on perceived thermal comfort and 
attractiveness based on people’s perception of street 
greenery are provided as follow:

- Diversify the alternatives by combining different types of 
street greenery
In the present research, four design alternatives of 
street greenery (no vegetation, ground and low-height 
vegetation, wall vegetation, trees) were developed in 
order to investigate people’s perceived thermal comfort 
and aesthetic appreciation related to street greenery. 
Different types of street greenery were evaluated by 
people respectively by means of visual questionnaire and 
subsequently analysed to formulate design guidelines.

However, this study focuses on the evaluation of each 
single green element and generates design guidelines by 
combining different greenery types based on the empirical 
survey results. It is recommended to diversify the design 
alternatives of street greenery by combining different 
green elements in the visual questionnaire for further 
research. In this way, the relative influence of greenery 
types on perceived thermal comfort and attractiveness 
can be assessed. This provides detailed evidence-based 
data and supports the development of design guidelines 
more precisely.
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- Apply physical (micrometeorological measurements) and 
psychological (field study) for comparison
For investigating the impact of street greenery on 
people’s perceived thermal comfort, it is recommended 
to apply both physical and psychological approaches to 
conduct the research. For example, Klemm et al. (2015ab) 
demonstrated a strong correlation between street 
greenery and people’s long-term thermal experience 
by means of micrometeorological measurements 
and semi-structured interviews. The empirical data 
obtained from the field study can be compared with the 
physical measurements in order to evaluate the relative 
significance of psychological parameters. 

- Take cultural and geographical background into account
It is noticeable that people’s perceptions are largely 
derived from individual backgrounds and personal value 
judgments. Take the case study area of this research 
as an example, Rotterdam is well-known as a cultural 
melting pot with mixed nationalities. In consequence, 
people from other countries with different geographic 
circumstances may influence their microclimate attitudes 
and environmental preferences during the questionnaire 
survey. However, the influences of respondents’ cultural 
backgrounds and ethnic characteristics on their perception 
in terms of thermal comfort and aesthetic appreciation 
are not being discussed in this study. But this could be an 
interesting topic for further research.

6.3      Reflection
- The development of design guidelines
The design guidelines for thermally comfortable and 
attractive streetscapes were developed based on the 
results of empirical study. 

On one hand, it is important to collect ample empirical 
data that supports the development of evidence-based 
design guidelines. In the present study, different strategies 
(online and face-to-face surveys) were applied in order to 
maximise the amount of data.
On the other hand, the design of the questionnaire 
surveys directly affects response rate and therefore has a 
considerable role in developing design guidelines. 

Concerning the influences of survey length on response 
rate, some design alternatives of street greenery has to 
be taken out and compressed the questionnaire for the 
purpose of reducing dropouts and keeping respondents' 
attention focused. To some extent this limits the research 
contents and thus could be influencing the development 
of design guidelines. 

Other potential difficulties and limitations of the study 
design were described in chapter 3.3, and the possible 
directions and recommendations for further research 
were mentioned above in chapter 6.2.
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The process of developing the visualisation 
images for the questionnaire can be 
basically divided into three stages, as 
shown on the following pages.

The first stage focuses on the selection 
of background images and the setting of 
alternatives related to street greenery. 
Different photographs were tested for 
finding out the most suitable background 
images to represent each functional zone 
in harbour contexts. 

1st version of the visualisation contained 8 
greenery alternatives according to the amount of 
vegetation in three spatial contexts (port-industrial; 
new business; residential)
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The second stage concerns the design of 
street greenery in terms of the amount of 
vegetation, different green elements used 
to represent each vegetation type and tree 
sizes etc. 

2nd version of the visualisation included 5 greenery 
alternatives (no vegetation, ground and low-height 
vegetation, wall vegetation, trees, green areas) 
in three spatial contexts (port-industrial; new 
business; residential)
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The last  stage attempts to develop 
different street widths (narrow versus 
broad) for comparison. However, the 
results show that the difference between 
narrow and broad streets were indistinct 
and thus were discarded from the design 
of visual stimuli.

3rd version of the visualisation covered 4 greenery 
alternatives (no vegetation, ground and low-height 
vegetation, wall vegetation, trees) in four spatial 
contexts (port-industrial; new business; residential; 
residential waterfront) with different street widths 
(narrow and broad)
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Th is  stage three d i fferent  types  of 
street greenery (ground and low-height 
vegetation, wall vegetation, trees) were 
specified. Subsequently, the position of 
trees (e.g. in the middle or on one/ both 
side(s) of the street) were tested.
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F ro m  i n d u s t r i a l  a re a  t o  s u s t a i n a b l e 
city;Western Harbour Malmö, Sweden
Using street trees and vegetation in the 
design of urban streets and pedestrian areas; 
Downtown Seattle, Washington, USA
Urban heat island during the day and night
Heat sources and reflections inside urban 
canyons that cause urban heat island
Surface heat island (SHI) effect in Dutch cities 
during the day and night
Urban heat island effect in 2050 based on the 
climate scenario
Research framework
Research process flowchart
The concept-test model: testing a series of 
concepts on the design problem, modifying 
one or more of them for finding the most 
suitable options and identifying a general 
preference as solution for the problem
The systematic model: the research (triangular 
forms) determines the concept (oval), and 
the concept is a tool for transmitting the 
integrated complexities of the site (rectangle)
Study area (including Schiedam and Capelle 
aan den Ijssel); the yellow box indicates the 
location of Merwe-Vierhavens area
Average surface temperature in Rotterdam
Air temperature in the urban canopy layer in 
Rotterdam
Physiological equivalent temperature (PET) 
calculated from the results of Figure 1.14

T h e  n e w  a r c h i t e c t u r e  fo r  b u s i n e s s , 
commercial, residential and cultural etc. non-
port related functions
The preservation of historic buildings and 
harbour elements adapted for the new urban 
functions
The different scales of urban heat islands; 
UBL is the urban boundary layer, and UCL is 
the urban canopy layer
Thermal exchange between the human body 
and its environment.
The interrelationships between the different 
parameters of psychological adaptation in a 
network
Radiations and energy fluxes over an urban 
and a rural  area on a clear day which 
contributes to the formation of urban heat 
islands
The formation of urban heat islands
Physical functions of urban vegetation (a) 
production of shade; (b) glare re-duction; (c) 
interception of dust
Scheme of the daytime energy exchanges 
between isolated tree and its street canyon 
environment
Psychological functions of urban vegetation (a) 
screening parking lots; (b) screening traffic; (c) 
aesthetic and sensory environment
Visualization of the four urban vegetation 
types according to Bowler et al. (2010)
Physical functions and thermal benefits of 
ground and low-height vegetation
Physical functions and thermal benefits of 
wall and roof vegetation
Physical functions and thermal benefits of 
trees

List of Figure
2

2

3

4
5

6

6

10
11
13

14

14

15
15

15

23

24

25

27

28

30

31
32

33

34

34

35

36

37

Figure 1.1

Figure 1.2

Figure 1.3 

Figure 1.4 
Figure 1.5

Figure 1.6

Figure 1.7

Figure 1.8
Figure 1.9
Figure 1.10

Figure 1.11

Figure 1.12

Figure 1.13
Figure 1.14

Figure 1.15

Figure 2.1

Figure 2.2

Figure 2.3 

Figure 2.4 

Figure 2.5

Figure 2.6

Figure 2.7
Figure 2.8

Figure 2.9

Figure 2.10

Figure 2.11

Figure 2.12

Figure 2.13

Figure 2.14

118

Li
st

 o
f F

ig
ur

e



Schematic diagram of questionnaire design
Vegetation variables: four alternatives of 
different greenery types
Selected streets for taking pictures and the 
photo layout
Series of visualisation images featured with 
different greenery types (no vegetation, 
ground and low-height vegetation, wall 
vegetation, trees) within four harbour 
functional  zones (port- industrial ;  new 
business; residential; residential waterfront)
Questionnaire covering letter
Example of how to fill in the questionnaire
Online survey distribution
Three urban locations in the city of Rotterdam 
for conducting face-to-face survey
Locations of homes or workplaces of the 
survey respondents in Rotterdam. The pins 
in different colours refers to the survey 
respondents approached by using different 
methods: (blue) online survey and (red) face-
to-face survey
Age and gender composition of the survey 
respondents
Rankings of different greenery types from the 
best to the least in terms of thermal comfort 
and attractiveness within four harbour 
functional zones
Visualisation of the ranking results. Mean 
points of the four greenery types in each of 
the harbour functional zones distinguished by 
colours: (purple) port-industrial; (yellow) new 
business; (green) residential; (blue) residential 
waterfront
A comparison between the different greenery 
types in terms of thermal comfort and 
attractiveness in a port-industrial area.

A comparison between the different greenery 
types in terms of thermal comfort and 
attractiveness in a new business area.
A comparison between the different greenery 
types in terms of thermal comfort and 
attractiveness in a residential area.
A comparison between the different greenery 
types in terms of thermal comfort and 
attractiveness in a residential waterfront.

Sum points of the different greenery types in 
each of the four harbour functional zones. 
Visualisation of the general design guidelines

Location of the main harbour sites within 
Stadshavens area in Rotterdam
Development scenario and zoning plan for 
Merwe-Vierhavens. According to Gemeente 
Rotterdam, 2011
Average surface temperature of Rotterdam 
based on 15 Landsat images
Street  ana lys i s  accord ing  to  harbour 
functional zones in M4H area
Existing green structure and the typology of 
green areas in M4H area
Implementation of design guidelines: Port-
industrial area
Implementation of design guidelines: New 
Business area
Implementat ion of  design guidel ines: 
Residential area
Implementat ion of  design guidel ines: 
Residential waterfront

The contribution of street greenery in relation 
to thermal comfort and attractiveness

46
47

48

50

51
51
52
52

55

55

56

57

59

60

61

61

69

69

75

75

76

77

78

81

83

85

87

98

Figure 3.1
Figure 3.2

Figure 3.3 

Figure 3.4 

Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8

Figure 3.9

Figure 3.10

Figure 3.11

Figure 3.12

Figure 3.13

Figure 3.14

Figure 3.15

Figure 3.16

Figure 4.1

Figure 4.2

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

Figure 5.7

Figure 5.8

Figure 5.9

Figure 6.1

119

Li
st

 o
f F

ig
ur

e



List of Table
The evolution of the port-city interface
The distinction of characteristics between 
surface and atmospheric urban heat islands
R a n g e s  o f  p h y s i o l o g i c a l  e q u i v a l e n t 
temperature (PET) indexes with different 
degrees of thermal perception by human 
beings
Activities and affiliated PET values with 
the thermal sensation, these values were 
calculated based on measurements of 
different investigations in Germany

Spatial variables: four harbour functional 
zones with different spatial characteristic
Response outcomes (valid responses N=106)
Mean points of the different greenery types 
in each of the four harbour functional zones; 
by using a scale range from 1 (least thermally 
comfortable to; least attractive) to 4 (most 
thermally comfortable; most attractive) 
(N=106, standard deviation in brackets)
Six thematic categories with relation to 
thermal comfort and attractiveness for coding
The example of keywords given by the 
respondents  under  the theme ‘green 
infrastructure’ with respect to thermal 
comfort
The number of times being mentioned (N) 
and the frequency (%) of the keywords 
associated with thermal comfort
The number of times being mentioned (N) 
and the frequency (%) of the keywords 
associated with attractiveness (green factors)

The number of times being mentioned (N) 
and the frequency (%) of the keywords 
associated with attractiveness (other factors)

Design guidelines and recommendations for 
the four functional zones in harbour contexts

Port-city evolution timeline in Rotterdam. 
Inspired by Hoyle, 1989.

22
26

28

29

47

54
56

58

58

63

63

63

70

74

Table 2.1
Table 2.2

Table 2.3 

Table 2.4 

Table 3.1

Table 3.2
Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 3.8

Table 4.1

Table 5.1
120

Li
st

 o
f T

ab
le








