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12.5 Open routes

Figure 12.15 (below):  
Artist impression open 
route

Open routes are completely open to all types of weather conditions. Therefore drastic solutions 
are used to design a thermally comfortable environment. First, section 6 (figure 12.16 and 
12.17 right side), where the cyclists rides in southeast direction to the Wilhelmina pier and 
Kop van Zuid. The slope of the bridge causes the body of the cyclist to warm up and creates 
thermal uncomfortable situations in warmer days. It is almost impossible to climb upward the 
bridge during stormy weather. 

But the wind could also be the friend of the cyclist as we learned from other solutions. A 
funnel collects the incoming winds and redirects them as tailwinds for cyclists. Cyclists are now 
pushed forward against the bridge. The funnels are no longer needed when the cyclists are 
rolling downwards the bridge (figure 12.18, right side), but the cyclists are still protected from 
too much wind, shortwave radiation and precipitation. These screens on top of the structure 
can be opened during colder days without too much wind or precipitation (figure 12.19, right 
side). 

The cyclist has to climb the bridge again when he or she returns (Northwest direction). The 
cyclist is helped again by the power of the wind to climb the bridge slope (section 7) by a funnel 
shaped in the form of a volute, collecting wind and redirecting it in the desired direction (figure 
12.18, left side). If the cyclist is pushed over the bridge it also crosses section 6 again (figure 
12.16 and 12.17, left side). This construction functions the same as the earlier mentioned 
downhill event (figure 12.17 and 12.18). 

The frames of the constructions are made of lightweight steels, such as aluminum. The 
remainder is covered with lightweight composite materials as mentioned in the solutions for 
crossings and waterfront routes. The moving screens (section 6 left side, section 7 right side) 
are also made of this composite material, and controlled remotely by the municipality (4G 
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Figure 12.16 (below):  Section 
6-A, Erasmusbrug, hot or 
precipitation

Figure 12.18 (below):  Section 
7-A, Erasmusbrug, hot or 
precipitation

Figure 12.17 (below 2):  Section 
6-B, Erasmusbrug, too cold 
conditions without precipitation

Figure 12.19 (below 2):  Section 
7-B, Erasmusbrug, too cold 
conditions without precipitation

or LoRa) or automatically via sensors. Advised is to leave out extra 
colours or detailing to the constructions, because the constructions 
are already extravagant enough. 
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Epilogue

Concluding and reflective remarks are described in this part. 
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13. Conclusion
Nowadays many people suffer from diseases worldwide, in Europe the Non-Communicable 
Diseases (NCDs) are the leading cause of death and disability. They have an increasing strain on 
health systems and well-being, in particular people aged 50 years and older. Not only health is 
affected by these unhealthy lifestyles, but economic development as well (WHO, 2012).

Its proven that choosing active modes of transport has moderate benefits for health (Oja, 
2011; Panis, 2011; WHO, 2003). The Netherlands provides the opportunity to improve people’s 
health and lifestyle, because 28% of the people already use the bicycle regularly. However, 
people tend not to use the bicycle during uncomfortable weather conditions such as too 
warm weather (temperatures higher than 24 C°), too cold weather (temperatures under 15 
C°) and precipitation (Böcker, 2014). Thereby does climate change worsen the already existing 
problem of less people using the bike during uncomfortable weather conditions. Rotterdam 
has the lowest bicycle use of all four big cities in the Netherlands and is used as the research 
area. 
The main research question in order to find possible solutions for the mentioned problem 
is: Which solutions can improve the thermal perception of cyclists during uncomfortable 
weather situations?

Seven sub questions are stated in order to answer the main research question. This conclusion 
chapter describes the outcomes of these sub questions and finally a conclusion on the main 
research question is given. 

	 (SQ1) What does influence the thermal perception of a cyclist?
Multiple elements influence the thermal perception of a cyclists, but not all elements could 
be solved by designing. The influences are separated in 3 main factors; internal physical/
physiological factors, external physical factors and psychological factors. The factors which 
could be altered by designing are;
•	 Internal physical and physiological factors: Tailwinds and diminishing wind resistance on 

cyclists can help to decrease metabolic rate, thus warmth from within the cyclists. 
•	 External physical factors: Cyclists should be protected from wind during cold days, but 

wind is allowed during warmer days. Cyclists should be shaded for temperatures higher 
than 24 °C, no shading is needed when temperatures are below 15 °C. Cyclists should be 
protected from precipitation during colder situations. 

•	 Psychological factors: The cyclists should receive as much shortwave radiation as possible, 
which means a good light intrusion is preferred to enhance pleasant emotional travel 
experiences. Factors such as company are also possible to facilitate as a landscape 
architect by designing wide paths. Cyclists can be manipulated in their thermal perception 
by altering the atmosphere.

(SQ2) Where along the problem routes, do certain influences cause bad thermal 
perception for cyclists?

Physical elements such as shortwave radiation and wind are analyzed in Rotterdam. Several 
problematic spots/routes are found for shortwave radiation; west –east routes are problematic 
for winter and summer situations, southwest routes are semi-problematic for both situations. 
Open and waterfront routes are fully exposed to shortwave radiation (positive effect in 
winter, negative effect during too warm situations) and crossings undergo major problems for 
shortwave radiation during winter and summer situations. 
Multiple spots/routes are problematic for wind; southwest routes and crossings (or a 
combination) are the most problematic, especially when they are surrounded by high rise 
buildings.
Psychological problems are found at Posthumalaan and a part of Goudse Rijweg, which are the 
most inactive/less inviting routes of Rotterdam. Other routes (such as Bergweg, Schiedamsedijk 
and a part of the Boezemweg) are less problematic. 



(SQ3) Which spatial configurations could be identified as problematic on the found 
uncomfortable routes? 

All problem spots/routes are overlaid to identify the problematic spatial configurations. The 
problematic spatial configurations can be separated in 5 types; Crossings, west – east routes, 
southwest routes, waterfront routes and open routes. These problematic spatial configurations 
are transformed to generalized test beds in order to design solutions. 

(SQ4) Which conditions must be considered while designing solutions for the problematic 
spatial configurations?

Important aspects are the criteria used for the assessment matrix and are categorized as; 
wind, shortwave radiation, precipitation and general/safety. 
•	 The criteria for wind are: ‘wind protection/diversion’ (too cold conditions), ‘wind 
admission’ (warm conditions), ‘Tailwind’ and ‘Less resistance’. 
•	 The criteria for shortwave radiation are: ‘Shading for temperatures higher than 24 °C’, 
‘No shading under 15 °C’, ‘No glares’ and ‘Light intrusion’. 
•	 The criterion for precipitation is: ‘Cover direct impact’. 
•	 The criteria for safety/general are: ‘Wide paths’, ‘Visibility for/of cyclists’, ‘Technical 
feasibility’, ‘Costs’ and ‘Maintenance’.
The criteria are used to evaluate the solutions for the RTD part 1. 

(SQ5,6 and 7) What are possible design solutions to improve thermal perception of a 
cyclist coping with wind, shortwave radiation and precipitation?

49 solutions are designed in order to answer these sub questions. The two highest rated 
designs per test bed (and per weather problem) are used fort RTD part 2. The highest rated 
solutions for wind (SQ5) have in common that they use flexible or moveable awnings, screens 
or trees to allow or repel winds and/or tailwinds for cyclists. Wind is used in the advantage of 
the cyclists and the wind is transformed in the desired direction. The highest rated solutions for 
shortwave radiation (SQ6) have in common that they give shade to cyclists when it is too warm 
(by panels, screens, photochromic glass or a green pergola). They provide as much shortwave 
radiation as possible when it is too cold (under 15 °C) by; folding the screens/ panels, transform 
transparencies of glass or by losing leafs. All solutions for shortwave radiation are designed 
with creating as much light intrusion as possible, without glares of the designed elements. All 
solutions for precipitation (SQ7) aim for protecting cyclists from direct impact of precipitation 
when it is desired by; panels, screens, pergolas or by completely covering streets. 

(MRQ) Which solutions can improve the thermal perception of cyclists during 
uncomfortable weather situations?

The best scoring solutions for winds, shortwave radiation and precipitation are combined in 
integrated solutions. The best scoring (integrated) solutions improve the thermal perception 
of cyclists during uncomfortable weather situations for every test bed. These solutions are 
flexible in use and able to transform their appearance according to the weather situation at 
that time. The designs are implemented in existing situations of Rotterdam.  Further detailing of 
these solutions are improving psychological (besides physical internal and external) influences 
that positively affects the thermal perception of the cyclist. 
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14. Discussion
This chapter discusses the significance and limitations of this research and will be separated 
in different parts; (1) reflection on the used methods (2)and a reflection on the synthesized 
results.

14.1 Reflection on the used methods

Literature is used to frame the research in a certain direction. The framing is limited since there 
is not a lot of literature about the topic available (chapter 1.6). Thereby, many concepts and 
solutions stated in literature are not tested in practice or/and real-life situations. The framing 
led to the choice of using the convergent parallel mixed methods. 

The analysis (RFD) is separated in two parts; a qualitative and a quantative part. The use of 
this convergent parallel mixed method provided a broad overview/analysis of the complex 
problem, which could be seen as a strength of this thesis. Using this broad way of approaching 
the problem also delivers limitations to this research. A higher level of quantitative detailing 
in the analysis (RFD) was not reached, because there is a certain amount of time available. 
A higher detailed outcome of this analysis can be reached by using more advanced tools for 
analyzing the microclimate, such as Envi-Met or other digital analysis methods. Programs 
such as Envi-Met or Autodesk Flow Design (for wind patterns) are tried by the author, but 
are rejected for use in this research, because reliable input is needed in order to deliver 
reliable output. Thereby, these programs are subject to certain algorithms. While testing these 
programs for use, several errors were found in the algorithms of Flow Design, which made it 
obvious to reject the use of this program. Envi-Met could be a useful program to test outdoor 
environments, but is not used because its complexity and limitations in use. It might take an 
expert to do this, with a lot of available time, because all the mentioned routes need to be 
analyzed. Even though this is conducted, it will still not be perfect, the microclimate is very 
dependent on larger systems (such as the whole city of Rotterdam or even regional scale and 
larger). I learned a lot about wind patterns and flows by using these programs and by using 
literature of thermodynamics. This learning process enabled me to make educated guesses 
about the wind patterns and behavior in the urban fabric of Rotterdam. This provided rough, 
but sufficient renders of wind problems in Rotterdam. 

Trimble SketchUp (2015/2016 edition) is a very easy to learn program and provides reliable 
outcomes for the shading analysis. Again, algorithms are used to calculate the outcomes of 
shading patterns in Rotterdam. The algorithm is quite reliable, because the user is able to 
adjust many parameters (such as time, date and location). SketchUp is recommended for 
further use in the field of practical microclimate science. 
The qualitative part of this research is more subject to uncertainties then the quantitative 
part, because it especially relies on the view of the author, which is more subjective. Even 
though, the performed analysis is as objective as possible by using the methods of Jan Gehl. 
This analysis is a fast way to render a quite complete overview of the current atmospheres of 
Rotterdam’s assigned problem routes. 

The synthesis of solutions (RFD part 1 and 2) relies on an equal base of assessment. This equal 
base makes this thesis very reliable and serviceable for other researchers and practitioners 
of landscape and urban architecture. Others could use the same assessment matrix in order 
to evaluate their designs. The evaluation of the synthesized solutions is done by an individual 
and/or experts (peer debriefing (Creswell, 2014, p.202)) in the field of microclimate research 
and design.  The solutions in this thesis are discussed with the mentioned experts, consisting; 
Sanda Lenzholzer, João Cortesão and the Climatelier (MSc thesis students with an urban 
microclimate topic). The use of this peer debriefing provides a more validate and accurate 
outcome than only relying on the judgement of the thesis’s author. Although, the used method 
of assessing and testing is reliable, the originally designed solutions are based on the cognitive 
power of the author (biased by the author’s background such as culture and education). This 



means that maybe other individuals are able to process different solutions. The use of this 
method is recommended for further research and use in practice, because it delivers other 
(and thorough reasoned) designs than conventional methods of designing. The method is also 
fast in use, which made it possible to deliver a total amount of 64 (49 RTD part 1 and 15 in RTD 
part 2) designs in this thesis (and even more not published solutions). 
The use of three iterations provides a detailed and accurate research product. The first iteration 
is a broad synthesis of solutions, which are applicable in a more general way. The second 
iteration combines the highest rated solutions of the first iteration phase, which resulted 
in integrated solutions. These integrated solutions still rely on generalized test beds (design 
laboratories with a controlled setting). Although, the solutions are still quite general, they 
provide a more detailed and complete answer to the complex problem. The third iteration 
phase implements the integrated solutions in existing situations. This implementation phase 
provide a detailed solution/answer to the stated problem.  

14.2 Reflection on the results

The problematic spatial configurations are existing and generalized configurations. Generalizing 
these configurations makes the researcher able to deal with complex problems in a controlled 
setting. The assessment matrix sets an equal base for evaluating the products of the RTD 
phases. The used criteria of the assessment matrix are subject to the found literature and the 
decisions of the author of what might be important. 

These synthesized solutions are evaluated with the use of this assessment matrix, which 
resulted in the shown solutions of RTD part 1 and 2. In general can be stated that the research 
product results in more architectural solutions than (green) landscape architectural solutions. 
This tendency is particularly caused by the used criteria of the assessment matrix. The criteria 
demanded solutions which are able to transform their appearance when desired; trees and 
other green are not able to lose their leaves or green features on demand. Trees have an 
optimal state when they are mature, but are not very effective during their growth, which 
can take up to 15 years or longer in urban environments. Trees also decay, which makes trees 
less constant in their efficiency and maintenance. Enough rooting space should be design in 
order to establish a properly working environment for trees. This extra space needed for trees, 
consumes other space, which might be needed for dedicated cycling infrastructure. 
Last, this research is conducted on microclimate scale, which does not incorporate larger 
climatic systems. These larger systems might flourish by using large amounts of trees in 
larger designs such as parks, forests or urban green belts (Brown & Gillespie, 1995; Klemm, 
Heusinkveld, Lenzholzer, & van Hove, 2015; Lenzholzer, 2013). 

This thesis tried to improve the economic burden and people’s health by (mainly) preventing 
NCDs and promoting a healthier lifestyle. This might be reached for a small part of the total 
goal with the use of this thesis. The thesis focussed more on health than the economic burden, 
further research on the economic influences is recommended. 
Recommended is to develop the stated solutions of this thesis in a more extensive research. 
This extensive research could also include criteria such as; air temperature and relative 
humidity. This research should be conducted on a larger scale (because of air temperature and 
relative humidity) and might take a large timeframe of research in account. Further research 
might be done towards designing solutions on larger scales (not only on microclimate scale), 
such as city, regional or even country scale. Imagine a whole country promoting a healthier 
lifestyle and environment by landscape architecture. 
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Abstract
Nowadays many people suffer from diseases worldwide, in Europe the Non-Communicable 
Diseases (NCDs) are the leading cause of death and disability. They have an increasing strain 
on health systems and well-being. Not only health is affected by these unhealthy lifestyles, 
but economic development as well. Active modes of transportation could be the solution 
for this unhealthy lifestyle. Especially the Netherlands provides the opportunity to improve 
people’s health and lifestyle, because 28% of the people already use the bicycle regularly. 
However, people tend not to use the bicycle during uncomfortable weather conditions such as 
too warm weather (temperatures higher than 24 C°), too cold weather (temperatures under 
15 C°) and precipitation. Thereby does climate change worsen the already existing problem 
of less people using the bike during uncomfortable weather conditions. This thesis searches 
for solutions which can improve the thermal perception of cyclists during uncomfortable 
weather situations, for the city of Rotterdam. The Research for Design (RFD) shows that 
internal physical- and physiological-, external physical- and psychological factors influence 
the thermal perception of cyclists. This thesis found that these influences are the worst on 
certain spatial problematic configurations/test beds; crossings, west – east routes, southwest 
routes, waterfront routes and open routes. Separate solutions for wind, shortwave radiation 
and precipitation are synthesized for these test beds. The RTD method is used for finding new 
solutions and evaluating them on an equal base by using criteria. The criteria are subject to 
the most important elements of the RFD phase. The separate solutions of wind, shortwave 
radiation and precipitation are combined into integrated solutions, which form the second 
iteration of the RTD method. The best scoring (integrated) solutions improve the thermal 
perception of cyclists during uncomfortable weather situations for every test bed. These 
solutions are flexible in use and able to transform their appearance according to the weather 
situation at that time. The designs are implemented in existing situations of Rotterdam in order 
to provide a realistic research product. 

Keywords: cycling, weather, microclimate, thermal perception, design, health


