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ABSTRACT 

 
 

ENHANCING THE THERMAL COMFORT OF UTILITARIAN BICYCLISTS: 
AN ENERGY BUDGET APPROACH INTEGRATING PRINCIPLES OF 
MICROCLIMATIC DESIGN WITH BICYCLE PATHWAY DESIGN IN 

OTTAWA, CANADA 
 

 
Elisabeth F. Klein Advisor: 
University of Guelph, 2012 Professor Robert D. Brown 

 
 

Thermal comfort receives little priority in the planning and design of bicycle 

pathways. Design tools are required to illustrate the importance of the relationship 

between climate and bicycling activity to improve the bicycling experience and extend 

the bicycling season in a cold climate. Microclimatic and bicycle pathway design 

principles were integrated with a COMFA model to simulate the thermal comfort of users 

bicycling on a proposed pathway in Ottawa, Canada. Modelling results predicted 

bicyclists could be thermally comfortable travelling at a steady-state speed of 16.0-19.2 

km/h, but preferred to be cooler when travelling at higher speeds and warmer in colder 

months when standing at rest. Design implications recognized the compatibility of 

microclimatic and bicycle pathway design principles and demonstrated how a bioclimatic 

approach to designing bicycle infrastructure can encourage user thermal comfort, 

mitigate weather discomforts, accentuate seasonal climate conditions, and address a more 

inclusive combination of bicycle user design criteria. 
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1.0 INTRODUCTION 

Low-density, architecturally homogeneous suburbs dominated by large, extensive 

and strongly hierarchical road networks that have fostered motor vehicle-dependent 

lifestyles are the typical urban form of post-war Canada. It is an urban form that has been 

insensitive to climatic considerations and has isolated people from their outdoor 

environment (Pressman, 1996). Transportation within this urban form has also become an 

environmental and public health issue (Winters, Friesen, Koehoorn, & Teschke, 2007) 

Today’s urban challenges include traffic congestion, long commute times, road safety, 

green-house gas emissions, air and noise pollution, and health issues related to an 

increasingly sedentary lifestyle. There is now recognition for urban intensification and a 

modal shift in transportation to which utilitarian bicycling offers a solution. Bicycles take 

up little space, are quick for short distances (up to 5kms), and do not cause noise or air 

pollution.  Bicycling for utilitarian purposes such as work and errands is a healthy and 

cost-effective way to integrate physical activity into routine activities and reduce chronic 

disease (Winters et al., 2007). Bicycling also offers a great opportunity for a 

transportation modal shift as reported weekly bicycling rates in Canada’s urban 

population stand at 7.9% (Winters et al., 2007) which is only 10% to 20% as high as rates 

in European centres (Pucher & Buehler, 2008). 

 

If bicycling is to be encouraged as alternative urban transportation, it is necessary to 

identify and gain knowledge about factors that influence physical activity in general and 

bicycling in particular. Urban form (Pikora, Giles-Corti, Bull, Jamrozik, & Donovan, 

2003), seasons and climate affect physical activity in North America (Eliasson, Knez, 

Westerberg, & Thorsson, 2007). Cold climates present the added challenge of extreme 

weather conditions and if physical activity is to be extended into the winter months there 

is a need to provide thermally comfortable outdoor urban spaces. Weather, in the form of 

freezing temperatures and precipitation, are known deterrents to bicycling (Brandenburg, 

Matzarakis, & Arnberger, 2007; Hunt & Abraham, 2007; McKenna & Whatling, 2007; 

Nankervis, 1999; Winters et al., 2007) as is sweat (Noland & Kunreuther, 1995; Pucher, 

Buehler, & Seinen, 2011). 
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Reasons for not bicycling, such as climate, weather and gradient, are difficult to 

change through policy measures, but can be addressed through design. Core design 

principles for bicycling infrastructure recognize that bicycling is an outdoor activity and 

bicyclists are therefore exposed to weather effects; muscular effort is required by the 

bicyclist to accelerate a bicycle to a chosen speed; and any resistance requires extra 

physical exertion and effort (Ploeger, 2003). Yet design solutions that consider climatic 

factors and bicyclists’ thermal comfort receive low or no priority in the urban bicycle 

network planning and implementation process. In order to improve the quality of the 

bicycling experience, practical design tools are required to illustrate the importance of the 

relationship between climate and bicycling activity, and provide designers with a means 

to ‘predict’ and evaluate the effect of modifications to microclimatic design elements on 

bicyclists’ thermal comfort. 

 

Seasonal variation in climatic conditions for bicycling are very pronounced in 

Canadian cities (Pucher & Buehler, 2005; Winters et al., 2007), peaking in summer and 

declining dramatically in the winter months of December through to March, which are 

characterized by freezing daily average temperatures (< 0° C), snow accumulation on the 

ground and reduced daylight hours. The relative influence of these climate effects on 

bicycling activity has important implications for the design of quality bicycle 

infrastructure, but has received very little attention from researchers. There is also a 

paucity of research that explores the relationship between bicycling activity and thermal 

comfort. This exploratory study will attempt to address this research gap and investigate 

how to integrate the principles of microclimatic design with bicycle pathway design in 

Ottawa, Canada during the months of March, April, July, October and November. 

 

Research Goal 

To integrate principles of microclimatic design with principles of bicycle pathway 

design to improve the thermal comfort of bicyclists in a cold climate. 
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Research Objectives 

• Identify climatic factors that encourage and inhibit bicycle use in cold climates. 

• Identify factors that enhance and inhibit bicycle user thermal comfort. 

• Identify microclimatic design principles related to cyclists. 

• Identify principles of bicycle pathway design. 

• Consider the compatibility of these two sets of principles and develop integrated 

principles of microclimatic bicycle path design.  

• Investigate the microclimate of an existing site and use energy budget modelling to 

simulate the thermal comfort of users bicycling through the site.  

• Apply integrated principles of microclimatic bicycle path design to a site in Ottawa. 
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2.0 LITERATURE REVIEW 

This research is placed within the broad context of bioclimatic urban design. It 

specifically explores the relationship between microclimate and bicycling activity to 

guide the design of bicycle infrastructure that enhances the comfort and quality of the 

outdoor bicycling experience. 

 

The literature review initially explores the consideration of climate effects and the 

incorporation of climate knowledge within the broader context of urban planning and 

design. The challenges of living in a cold, northern climate are identified along with 

solutions that encourage outdoor activity in the colder months of the year, including the 

provision of thermally comfortable outdoor urban spaces. 

 

The middle section of this review describes the principles of microclimate design 

and bicycle pathway design, which will inform the study site selection criteria and 

establishes the research foundation for exploring the relationship between microclimate 

and bicycling activity. In recognition that bicycling is a seasonal outdoor activity in 

Ottawa, Canada, there is a focus on the influences the physical environment has on 

bicycle use that can be addressed through climate-responsive design. The combined 

impact of climate and weather effects, and urban form on bicycle user comfort is 

explored and emphasizes the importance of their consideration in the planning, design 

and implementation of bicycling infrastructure.  

 

The last section provides a brief overview of outdoor human thermal comfort 

models. A thermal comfort model will be discussed as a practical tool for identifying 

factors that enhance and inhibit bicycle user thermal comfort, and for facilitating the 

research goal of developing thermally comfortable design solutions that can extend the 

seasonal usage of a proposed bicycle pathway in Ottawa into the shoulder months of 

March and November. 
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2.1 Climate and Urban Design 

Bioclimatic urban design is an evolving field of research in which the knowledge 

and skill of urban design professionals and climatologists can be effectively combined to 

foster a climate-sensitive approach to the planning and design of thermally comfortable 

outdoor urban spaces that encourage human activity (Eliasson et al., 2007; Kenny, 

Warland, Brown, & Gillespie, 2009a). The increasing urbanization of the global 

population, and the correlating economic growth and unrelenting consumption of 

resources has led to the requirement for, and advocacy of, sustainable human settlements 

(Mills, 2006; Roth et al., 2011). The potential sustainability of an urban settlement, which 

is determined by its opportunities to gather energy, its need to conserve energy and its 

ability to dispose of airborne waste emissions is primarily controlled by its prevailing 

climate (Mills, 2006). There is a substantial body of scientific knowledge about the 

relationship between climate and urban settlements. It is widely understood that cities 

have distinct impacts on climate from the microscale to the global scale and are, in turn, 

affected by climate changes at all scales and in many ways (Grimmond et al., 2010; Mills 

et al., 2010; Roth et al., 2011). This urban climate effect is caused by the three-

dimensional geometry and material composition of the physical urban form and its 

functions, which include daily human activity patterns that generate waste heat and 

material emissions into the overlying atmosphere (Mills et al., 2010). 

 

Fundamental to sustainable urban form and function is the efficient movement of 

people and materials (Mills, 2006). North American cities typically have low densities 

and single-use zoning practices that separate residential, commercial, industrial, 

educational and retail uses, thereby creating distances between origins and destinations 

that have caused a dependence on motor vehicles and severely limited alternative modal 

choices. In contrast, compact urban form characterized by high densities and mixed-use 

zoning, and which emphasizes convenient access to employment and services achievable 

by public transit, bicycling and walking, is considered sustainable (Mills, 2006).  

 

The deleterious effects of sprawling urbanization, the urban heat island effect and 

airborne pollutants on human health, coupled with the unsustainable form of modern 
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cities and concerns about global warming, has brought recognition to the importance of 

incorporating climate considerations in urban design and understanding the relationship 

between climate, human activity and design (Eliasson, 2000; Eliasson et al., 2007; 

Grimmond et al., 2010; Mills, 2006; Mills et al., 2010; Roth et al., 2011; Vanos, Warland, 

Gillespie, & Kenny, 2010). Bioclimatic research that explores the effects of outdoor 

urban climate on inhabitants is typically divided into thermal, advective and air quality 

impacts (Mills et al., 2010), and Vanos et al. (2010) provides a useful summary of 

research that links heat stress, air pollution and thermal discomfort in urban areas to a 

decrease in outdoor physical and social activity, and an increase in heat-related mortality. 

Weather parameters such as cloud cover, air temperature and wind can account for over 

fifty per cent of the variance in the attendance of outdoor urban spaces and are considered 

integral to the functional and psychological components of a place (Eliasson et al., 2007).  

 

A primary objective of urban design is to create ‘comfortable’ living environments, 

which includes outdoor spaces, and within which usage and activity are key indicators of 

their successful design. It is, therefore, important for landscape architects to acknowledge 

the ‘reciprocal relationship between climate and human activity’ (Matus, 1988) and that it 

occurs at and below the municipal scale where design interventions to urban form and 

functions can be very effective (Mills et al., 2010). Consideration of ambient conditions 

and the type of human activities and behaviours that are planned for or exist in a 

particular site can assist landscape architects to create comfortable microclimates and 

mesoclimates that either accentuate or moderate the background climate and enhance the 

user experience. 

 

Yet climate knowledge has a low impact on urban planning and design practice, 

despite the abundance of research and knowledge in urban climatology and a long 

tradition of climate consideration in urban design, in particular the relationship between 

urban geometry and climate influences (Givoni, 1998; Oke, 1987; Olgyay, 1963), that 

can be traced back to Roman times (Eliasson, 2000). Furthermore, very few studies have 

examined the application of climate-responsive design or planning (Alcoforado, Andrade, 

Lopes, & Vasconcelos, 2008; Ryser & Halseth, 2008).  
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The status of climate knowledge and information in the urban planning and design 

process was studied in Sweden by Eliasson (2000) and examined internationally by Mills 

et al. (2010), with consistent explanations, outlined below, for the lack of climate 

consideration and solutions to include it:  

Problems 

• Lack of knowledge and awareness of applied climatology. 

• Lack of communication between climatologists, designers, planners, 

politicians, investors and decision-makers. 

• Lack of access to climate literature and tools applicable to urban planning 

and design. 

• Conflicting interests and prioritization of, for example, economics, safety 

and aesthetics over climate considerations. 

• Institutional barriers: educational, attitudinal, regulatory, structural and 

political (Ryser & Halseth, 2008). 

• Lack of integration of knowledge, goals and objectives between planning 

scales coupled with lack of consideration of climate-responsive design at the 

beginning of the planning process. 

 

Solutions 

• Need to illustrate the advantages of accounting for urban climate on a 

routine basis in design decisions. 

• Establish clear links between design decisions and climate outcomes. 

• Improve communication and argumentation between climatology and urban 

planning and design professionals. 

• Provide practical climate tools to planners and designers. 

 

One of the objectives of this study is to investigate the microclimate of a site in 

Ottawa and to apply an energy budget model to assess thermal comfort of users bicycling 

through the site. 
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2.3 Cold, Northern Climates  

The 1980s and 1990s marked a new field of inquiry into climate-responsive design 

for cold, northern cities from which the international Winter Cities movement was born. 

The Winter Cities movement made a sustained effort to generate a “climate-responsive” 

northern urban form by addressing the challenges of living in a cold climate and 

formulating design principles and guidelines to encourage regionally-specific strategies 

aimed at improving the comfort and lifestyles of northern inhabitants (Pressman, 1996). 

At a latitude 45° 22’ N, longitude 75° 43’ W, and 114 metres (374 feet) above sea level, 

Canada’s capital city, Ottawa, experiences a harsh, cold winter embodying five basic 

elements that define a ‘Winter City’ (Pressman, 1988): 

1. Temperature, normally below freezing. 

2. Precipitation, usually in the form of snow. 

3. Restricted hours of sunshine or daylight. 

4. Prolonged periods of the first three elements. 

5. Seasonal variation. 

2.3.1. Challenges  

There are specific challenges to living in a cold, northern climate and the 

implications of poorly designed urban form that is not compatible with outdoor human 

physical activity and social engagement in the colder seasons have been explored in 

urban design as well as the Winter Cities literature (Givoni, 1998; Matus, 1988; 

Pressman, 1988, 1995, 2004; Reshaping Winter Cities: Concepts, strategies and trends, 

1988). 

 

Physical challenges 

A direct influence of climate is that it can create environmental conditions that will 

either prevent or encourage different activities (Culjat & Erskine, 1988). A cold climate 

can drastically reduce the outdoor season. Prolonged periods of freezing temperatures, 

snow and ice on the ground, and reduced hours of daylight restrict human mobility and 

make outdoor spaces difficult to use, thereby diminishing outdoor activities and the social 

interaction related to these activities. Living and working in an urban area requires 
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constant movement, to which Jan Gehl has applied the concepts of necessary and optional 

activities (as cited in Culjat & Erskine, 1988). Necessary activities take place under any 

circumstances and regardless of environmental conditions, and generally included goal-

oriented movement to work or school and shops for necessities (Culjat & Erskine, 1988). 

Optional activities include most social and recreational activities, and if the physical 

environment does not accommodate and support them, they simply disappear from the 

total activity pattern (Culjat & Erskine, 1988). Physical conditions that can limit optional 

activities can be caused by climate and weather effects and by poorly planned and 

designed urban form (Culjat & Erskine, 1988), particularly suburban sprawl with its 

traffic arteries and long distances between origins and destinations. Necessary activities 

are not eliminated in the same way as optional activities by negative weather and climate 

effects, but their patterns may be changed (Culjat & Erskine, 1988). 

 

Psychological challenges 

According to Pressman (1995), the study of human psychological responses to 

living in winter cities is limited in scope and practical application. However, it is 

acknowledged that winter causes a downward shift in the ratio of positive to negative 

psychological stimuli due to the following four reasons (Persinger, 1980 as cited in 

Pressman, 1995): 

1. There is an increase in stressful events related to freezing temperatures, 

snow, ice and wind, particularly as they impact human mobility and travel 

and living conditions. 

2. Recreational activities are reduced or not readily available to most people. 

3. There is reduced variety in the colours, sounds and smells in nature, which 

contributes to perceptual monotony and sensory deprivation. 

4. Winter climate and weather effects involuntarily confine people, particularly 

the elderly, to their homes for long periods of time where they develop 

‘cabin fever’, which induces an overwhelming urge to escape. 
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2.3.2. Solutions 

The main principles that guide climate-responsive design for Winter Cities are 

based on the acknowledgement that winter discomforts exist and are exacerbated by the 

‘placelessness’ that characterizes the ubiquitous built form of both the downtown urban 

core and suburban sprawl, and are summarized as follows (Pressman, 1996): 

1. Year-round usability of outdoor spaces, 

2. Contact with nature, 

3. User participation, 

4. Cultural continuity, 

5. Integrate rather than isolate people with their outdoor environment. 

 

These principles can also be supported by the application of microclimate design 

principles to enhance the usability of outdoor urban spaces and extend the outdoor 

season. A study of court-house models in Oslo, Norway demonstrated that the outdoor 

season could be extended by up to six weeks during the marginal seasons, or 30%, 

through microclimate planning, wind and shadow mitigation, orientation for solar 

radiation, and the use of heat absorbing and reflecting materials (Culjat & Erskine, 1988). 

Furthermore, extension of the outdoor season was found to be more effective in the 

spring than the fall as lower temperatures (9° C in Oslo) were tolerated more after a long 

winter than after summer, and the indoor confinement induced by winter made being 

outdoors very desirable (Culjat & Erskine, 1988). 

 

Strategies to create more humane and energy-efficient urban form extend by default 

to urban movement systems. Compact urban form coupled with the intensification of 

mixed land uses can reduce the time and distances required to carry out essential and 

optional activities, and prioritization of the outdoor comfort of bicyclists, pedestrians and 

public transit users within transportation infrastructure can increase modal choice and 

divert it away from motor vehicles (Zepic, 1988). 

 



 11 

Despite the efforts of the Winter Cities movement and the availability of literature, 

the practice of using climate-responsive design principles in Canadian cities is the 

exception and studies that have examined the application of climate-responsive design 

are very few (Ryser & Halseth, 2008). Bioclimatic design knowledge remains limited and 

existing knowledge is not being utilized.  

 

2.3 Microclimate Design 

Climate, or prevailing meteorological conditions, can occur at three scales 

(Brown & Gillespie, 1995): 

• A macroclimate occurs at a large scale of kilometres to hundreds of 

kilometres. 

• A mesoclimate occurs at a medium scale of tens of metres to kilometres. 

• A microclimate occurs at a small scale of metres to tens of metres. 

 

The microclimate of an outdoor site is shaped by the interaction between the 

prevailing climate conditions of solar and terrestrial radiation, wind, air temperature, 

humidity and precipitation, and landscape objects and topography, and can therefore be 

modified by design (Brown & Gillespie 1995). The control of wind and solar radiation 

through landscape modification can have a very effective influence on microclimate 

(Brown & DeKay, 2001), yet the influence of landscape features on air temperature and 

humidity is minimal due to the efficiency of air mixing (Brown & Gillespie, 1995). 

Precipitation can be readily modified through landscape design, but the design purpose is 

mitigation of the inconvenience it causes to people in the landscape rather than affecting 

microclimatic conditions (Brown & Gillespie, 1995). Rain is typically modified through 

the provision of overhead structures (Brown & Gillespie, 1995), whether man-made or in 

the form of tree canopies. Snow can be manipulated through wind modification, and an 

understanding of prevailing wind directions during and after snowfalls is therefore 

necessary depending upon the desired outcome: snow deposit or snow removal (Brown & 

Gillespie, 1995). The amount of snow carried about by moving air is relative to its 

velocity (Brown & Gillespie, 1995). When air slows down, or is forced to slow by a 
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windbreak, for example, snow will drop out and be deposited in the landscape (Brown & 

Gillespie, 1995). When air speed increases, snow will be removed and carried away 

(Brown & Gillespie, 1995).  

 

The direct microclimatic impact on humans is typically measured in terms of 

outdoor human thermal comfort (Brown & Gillespie, 1995). The main reason for 

considering microclimate in landscape design is to create thermally comfortable outdoor 

environments, as they positively and noticeably influence type and amount of human 

physical activity (Gaitani, Mihalakakou, & Santamouris, 2007; Givoni et al., 2003; 

Nikolopoulou, Baker, & Steemers, 2001). Furthermore, particularly during periods of 

extreme cold temperatures in winter and hot temperatures in summer, the minimization of 

outdoor discomfort may increase the vitality and use of urban spaces (Givoni et al., 

2003). 

 

2.4.1. Outdoor Human Thermal Comfort  

The internationally recognized definition of human thermal comfort is ‘that 

condition of mind which expresses satisfaction with the thermal environment’ 

(ASHRAE, 1966), and no preference to be warmer or cooler (Fanger, 1972 as cited in 

Vanos et al., 2010) and is best understood through the elucidation of the outdoor human 

energy balance concept. The human body aims to maintain a near constant core 

temperature of 37°C, and a person will experience thermal comfort when the heat gains 

of the body are equivalent to the heat losses to the environment (Brown & Gillespie, 

1995; Nikolopoulou et al., 2001). The main incoming energy flows that heat the body are 

metabolic energy (generated by the body) and the absorption of solar and terrestrial 

radiation (Brown & Gillespie, 1995). Outgoing energy flows that cool the body occur 

through insensible evaporation, convection, and long-wave radiation losses (Brown & 

Gillespie, 1995). Thus the human energy balance can be expressed as an energy budget 

equation: 
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Energy Budget = Metabolic energy + solar radiation gained + terrestrial radiation 

gained – evaporative heat loss – convective heat loss – terrestrial radiation emitted 

(Brown & Gillespie, 1995). 

 

If the energy inflows to the body are greater than the energy outflows, a person will 

feel too warm and if the energy outflows exceed the energy inflows, a person will feel too 

cool (Brown & Gillespie, 1995).  

 

The human energy balance is affected by a number of physical parameters that 

influence energy flows to and from the body. The most important determinants of thermal 

comfort (Fanger, 1972) can be grouped into two sets (Auliciems & Szokolay, 2007): 

Personal 

• Activity level, or metabolic rate, which influences heat gains. 

• Thermal resistance of clothing, which influences the rates of all modes of 

heat exchange (Givoni, 1998). 

•  

Environmental 

• Ambient air temperature. 

• Incoming and outgoing radiation flows. 

• Relative air velocity. 

• Relative humidity. 

 

Ambient air temperature, in particular, and relative humidity have a strong effect on 

human thermal comfort, but any changes that may be affected by landscape design 

modifications are quickly dissipated due to the efficiency of turbulence in mixing air 

(Brown & Gillespie, 1995). However, radiation balances and relative air velocity (wind) 

are the two microclimate components that can strongly affect thermal comfort in an 

outdoor space and be modified by design details (Brown & Gillespie, 1995), including 

shading elements, materials and colours of hard surfaces, the composition of planted 

surfaces, and the provision of windbreaks and breezeways (Givoni et al., 2003). 
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A third set of contributing factors (Auliciems & Szokolay, 2007) affecting thermal 

comfort, which cannot be controlled or affected by design, include: 

• Food and drink. 

• Acclimatization. 

• Body shape. 

• Subcutaneous fat. 

• Age and gender. 

• State of health. 

 

Recent thermal comfort literature has also indicated that psychological and 

behavioural factors also affect thermal perceptions and preferences in individuals (Lin, 

De Dear, & Hwang, 2011). The concept of ‘thermal adaptation’ (Lin et al., 2011) 

collectively refers to psychological factors such as thermal experiences and expectations, 

individual preferences, culture, time and length of exposure, readiness for exercise as 

well as exercise frequency, and sense of control (Eliasson et al., 2007; Nikolopoulou et 

al., 2001; Nikolopoulou & Steemers, 2003; Vanos et al., 2010). However, for the 

purposes of exploring the relationship between microclimate design and bicycling 

activity, and due to the infancy of thermal adaptation research, this study will focus on 

the physical parameters that affect outdoor human thermal comfort. 

 

2.4.3. Principles  

Microclimate design requires understanding of the interrelationship between 

microclimate components, landscape elements and people, and application. The 

application of the outdoor human thermal comfort concept to microclimate design is 

guided by the following principles from Brown & Gillespie (1995):  

1. The flow of energy to and from a person can be greatly affected by 

microclimate, so the thermal comfort of people should be a high priority for 

the design of outdoor urban spaces. 
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2. Primary design consideration should be given to thermal comfort of the 

majority of people (user group) for the majority of time (season, time of 

day). 

3. In warm to hot seasons, the first design priority is protection from solar 

radiation, and the second design priority is access to the wind. 

4. In cool to cold seasons, the first design priority is protection from the wind, 

and the second priority is access to solar radiation. 

2.4 Bicycle Pathway Design 

Definitions 

Public and private planning, engineering and design agencies have evolved a 

number of different classification methods for bicycle infrastructure since the 1970s, 

which has resulted in “semantic confusion” (Balshone, Deering, & McCarl, 1975). The 

publication of the Guide for the Development of Bicycle Facilities by the American 

Association of State Highway and Transportation Officials (AASHTO, 1999) finally 

provided a standard of definitions and guidelines for professionals in North America, yet 

semantic confusion remains. Continued innovation in the design and development of 

bicycle facilities across separate jurisdictions (Nabti & Ridgway, 2002) has resulted in 

permutations of terminologies, characteristics and meanings. Terms such as “bikeway”, 

“bike lane”, and “bike path” have commonly been given different meanings by different 

planning agencies since the 1970s (Balshone et al., 1975), and is particularly prevalent 

today in the media and in public discourse. Another example is the sub-categorization of 

“Bicycle Lanes and Paths” by the Institute of Transportation Engineers (ITE) using terms 

such as “Raised Bicycle Lane”, “Cycle Track”, and “Bicycle Boulevard” (Nabti & 

Ridgway, 2002). For the purposes of this research, “bicycle infrastructure” and its sub-

category “bicycle facilities” are defined according to the following classifications. 

 

Bicycle infrastructure can be designed for three planning levels, which are defined 

and adapted as follows from the Canadian Institute of Planners Community Cycling 
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Manual (Hope & Yachuk, 1990) and the Dutch CROW Design Manual for Bicycle 

Traffic (cited in Ploeger, 2003): 

Bicycle Network Any coherent system of routes for bicyclists that has the 

intended function of providing safe, direct, continuous and convenient travel 

between origins and destinations. It may form part of the existing road network or 

a combination of the road network and specific pathways, which meet the needs 

of bicyclists. 

Bicycle Routes Any road so identified by signs. Often there are no specific 

bicycle facilities in place, but the route is signed because its function is to provide 

connectivity and continuity with other bicycling facilities, or access via a 

preferred route through a busy corridor, at a neighbourhood level. 

Bicycle Facilities Any facility designed to assist bicyclists to successfully 

deal with traffic and encounters from other route users, or provide connections 

between facilities, including any physical construction such as road or pathway 

sections, intersections and crossings. Facilities also include bicycle parking racks 

and storage. 

Each level of planning has its own specific design challenges and the task of the designer 

is to continually seek out the most appropriate balance on each level between form, use 

and function (Ploeger, 2003). 

 

The Ottawa Cycling Plan (2008) has two broad classifications for bicycle facilities: 

on-road and off-road, which follows the AASHTO guidelines. The on-road facilities are 

sub-classified as follows (Bikeway Planning and Design Guidelines Technical Appendix 

No. 1, 2008): 

Bike Lane A facility located in the travelled portion of the street or roadway 

designed for one-way cyclist traffic. Bike lanes are defined on the road through 

pavement markings and signing. Exceptions to this definition are the two-way 

bicycle boulevard, which is for two-way cyclist traffic, and the raised bike lane. 

Raised bike lanes can be best described as on-road sidewalks designated for 

cycling use. They are constructed at an elevation between that of the motor 

vehicle travelled portion of the roadway and the height of the curb. 
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Paved Shoulders The paved portions of roads with rural cross-sections (no 

curb) adjacent to the regular traffic lanes. They may be designated as cycling 

facilities. Paved shoulders are usually delineated by an edge line, which separates 

the non-travelled portion of the road from the motor vehicle travel lanes. 

Shared Roadway When a separate right-of-way such as a bike lane or 

paved shoulder cannot be provided or is not necessary, signed-only cycling routes 

are recommended. Signed-only cycling routes are bicycle routes designated by 

bicycle route signing along a street and are typically installed on quiet, residential, 

or local collector streets. Apart from “bicycle route” signs, there are generally no 

changes made to the roadway. 

 

Off-road facilities identified and defined in the City of Ottawa Cycling Plan 

(Bikeway Planning and Design Guidelines Technical Appendix No. 1, 2008) are Multi-

use Pathways. Multi-use pathways provide a completely separated right of way for the 

use of bicyclists and other non-motorized traffic with minimal cross flow of motor 

vehicles (Jia, O’Mara, & Guan, 2007). Multi-use pathways provide bicyclists with off-

road transportation routes that typically run alongside rivers, through parks, along the 

boulevards of major arterial roads, and within hydro or rail corridors (Bikeway Planning 

and Design Guidelines Technical Appendix No. 1, 2008). A proposed off-road pathway 

with variation in urban form, vegetation and ground surfaces offers the best opportunity 

to explore the relationship between microclimates and bicycling activity. 

 

Bicyclists are one of a broad range of user groups expected to use an off-road 

pathway, which should be designed to also accommodate pedestrians, in-line skaters, 

wheelchairs, baby carriages and dogs (Bikeway Planning and Design Guidelines 

Technical Appendix No. 1, 2008), but for the purposes of this research, design principles 

will focus on bicycle users only. 
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2.5.1. Principles  

North America has been slow to develop or adopt a set of design principles for 

bicyclists. Professionals and jurisdictions involved in the planning, design and 

implementation of bicycle infrastructure have developed their own sets of standards and 

guidelines (Litman & Transport Policy Institute, 2005). Attempts were made in the 1970s 

to promote an experiential design approach to counteract the overwhelming tendency of 

designers defaulting to engineering and statistical data in the conception of bicycle 

infrastructure (Baerwald, 1975; Balshone et al., 1975). A comprehensive approach was 

advocated with appropriate consideration towards many human, environmental and 

physical design factors (Baerwald, 1975). The overarching goal of experiential design 

was to encourage the designer to establish an intimate rapport with the local environment, 

gaining a sensitivity to and awareness of the essential qualities of a particular place over 

different periods of time (Balshone et al., 1975). This would enable the designer to 

intuitively create places in which people could find new experiences and respond with 

continual diversity, which is a testament to the success of design (Balshone et al., 1975). 

However, while experiential design discourse of the 1970s failed, where it could have 

succeeded, to provide a foundation for the development of a set of design principles for 

bicycle infrastructure, it did bear the formulation of a set of bicyclist’s criteria, or 

requirements, in the United Kingdom (Hudson, 1982). These criteria have withstood the 

test of time in English-speaking countries and form the basis for design guidelines in 

Canadian bicycling planning literature (Hope & Yachuk, 1990). 

 

Yet designing and planning for three levels of bicycling infrastructure, with criteria 

that often compete and uncertain definitions of form, function and use, remains complex. 

The absence of design principles in North American professional and government bicycle 

infrastructure documents does nothing to alleviate this complexity, nor does the perpetual 

reliance on technical guidelines and geometric design standards that are yet to fully 

address the unique travel environment of bicycle users (Jia et al., 2007). A lack of access 

to foreign-language research and an unwillingness to accept ‘other people’s’ solutions 

means that the results of technical experience from Europe, Japan, Australia and China 
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have remain untried in most of North America (Clarke, 2002) until very recently, and are 

slow to make their way into North American bicycle infrastructure literature. 

 

Documented design principles for bicycle infrastructure do exist. The CROW 

Design Manual for Bicycle Traffic was published in The Netherlands in 1993, updated in 

2007 and is available in Dutch, German and English versions. While it has a strong 

technical focus, the first two sections of the 1997 version – ‘Design as Process’ and 

‘Design of a Network’ - outline the design principles required to create an optimal 

bicycling infrastructure, concentrating on a creative design process rather than 

duplication of examples and stereotypes without any further consideration (Dijkstra et al., 

1998; Ploeger, 2003). This design process includes a set of four basic design principles, 

from which a further sub-set of design principles and bicyclist criteria are drawn, and are 

summarized as follows from Ploeger (2003): 

Basic Design Principles for Bicycle-friendly Infrastructure 

The bicycle-bicyclist system 

Bicyclists and bicycles have technical possibilities and limitations that the 

designer of bicycle infrastructure should be familiar with.  A bicyclist is a ‘driver, 

equilibrist and power plant at any given time’. This gives the bicyclist a unique 

position in traffic as the features of this combination of tasks are often in conflict 

with each other. For example, muscle power is a natural speed limiter, yet 

bicycles require a minimum speed for upright stability. And a bicycle is also 

vulnerable, yet manoeuvrable and very flexible in traffic. 

Sub-principles 
1. Bicycles are powered by muscle, so energy losses should be kept to a 

minimum. 

2. Bicycles are unstable and require the necessary room for manoeuvre. Side 

and head winds, slipstreams of larger vehicles, road surface disturbances 

and low speeds all cause instability. 

3. Bicycles have no crumple zone and the vulnerability of a bicyclist is 

obvious, so ‘spatial crumple zones’ are required for emergency 
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manoeuvring (for example, extra width on a bicycle lane adjacent to 

parked cars), and bicyclists should not be mixed with fast moving or 

intensive and heavy motor vehicle traffic. 

4. Bicycles have hardly any suspension, so a smooth surface is a minimum 

condition for ride quality. 

5. Bicyclists ride in the open air. Shelter from weather effects such as wind, 

precipitation and solar and terrestrial radiation, and from noise and air 

pollution can alleviate some of the disadvantages. Aesthetic, experiential 

and climate advantages should be maintained by the design. 

6. Bicyclists are social beings and should be able to ride two abreast. This 

encourages bicycling for social pleasure or recreation and gives parents 

the opportunity to supervise their children safely. 

7. A bicyclist is not a machine. There are limits to the number and 

complexity of tasks that a bicyclist can carry out, notwithstanding the 

further limitations of less experienced and less able-bodied road and 

pathway users. 

Profile of clear space 

Bicyclists require a certain amount of space to be able to participate in on-road or 

off-road traffic. This space is determined by the dimensions of the bicycle, its 

rider and the sideways motion, or deviating path of the bicycle in motion. 

Stability is attained by speed and at approximately 20 km/h, it is possible to 

maintain stability by light steering and body movements. If bicyclists are forced 

to travel at speeds lower than 11 km/h, they require more clear space to maintain 

balance by movements of the handlebars. This principle is crucial at locations 

where bicyclists must move off from a standing start, such as at traffic lights and 

sign controlled intersections. 



 21 

Resistance 

As stated above, bicycles are powered by muscle and any form of resistance 

requires extra physical exertion and effort. The major components of energy loss 

are: 

• Friction in the bicycle bearings and chain. 

• Rolling resistance between the tyre and the road or pathway surface. 

• Wind resistance. 

• Vibration of frame, saddle and tyres. 

• Brakes and gears. 

• Gravity on incline slopes. 

The designer has no influence on friction occurring in bicycle bearings 

and chains, but design plays a key role in mitigating the impact the other 

components have on energy loss and the effort required by a bicyclist. 

Providing a bicycle is well-maintained, rolling resistance and vibration 

losses are mainly caused by surface conditions. Air resistance becomes 

important at speeds over 20 km/h, though head winds and turbulence 

created from side winds and objects in the landscape create friction that is 

felt as resistance at lower bicycling speeds and increase greatly with wind 

speed. Furthermore, the kinetic energy built up by pedal power is lost 

every time a bicyclist is forced to stop at traffic lights and intersections, or 

by other traffic objects. 
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Figure 1. External power need by a bicyclist to overcome the various forces of 
resistance, depending on speed. Source: CROW (1992) cited in Ploeger (2003) 

 

Stress and work load 

Bicycling requires physical and mental effort from the bicyclist to keep the 

bicycle in motion and to negotiate traffic safely respectively. 

Sub-principles 

1. Physical limits to workload. The limit of dynamic muscle power, often 

referred to as ‘maximum power output’ or ‘stressability’, decreases in 

time. The activity speed of a bicyclist is dependent therefore on resistance 

to be overcome and duration of power output. Age, gender and fitness all 

affect stressability in a bicyclist, so it is important for the designer to 

identify the characteristics of the bicycle user and accommodate them in 

the design of bicycle infrastructure. 

2. Mental stressability. Steering a bicycle, maintaining balance and holding 

course, and negotiating other traffic and obstacles all require mental effort. 

Mental discomfort is strongly related to feelings of unease, which occur in 

conditions that are complex, unclear, threatening or tiring. Mental stress 
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can be manifested in different ways depending on the level of the design 

in question. At the network level, anticipated discomfort may affect the 

choice of transportation mode; at the route level, journey re-routing to 

avoid poorly maintained surfaces or traffic lights is a form of stress-

limiting, deviating behaviour; at the facility level, deviating behaviour 

includes bicyclists travelling on sidewalks when on-road bicycle lanes 

exist, or travelling through stop signs because waiting is considered 

pointless. 

 

2.5.2. Design Criteria  

Design criteria are based around the requirements and wishes of bicyclists as end 

users. In planning literature, the list of criteria is comprehensive (Hope & Yachuk, 1990; 

Hudson, 1982): 

• Safety  

• Continuity  

• Directness  

• Convenience  

• Clarity  

• Security 

• Acceptable Grades 

• Surface 

• Air Quality 

• Noise 

• Shelter 

• Maintenance & Cleaning  

• Attractiveness 
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However, transportation engineering literature, particularly in the United Kingdom, 

Europe, Australia and New Zealand (S. Reid, Allen, Brown, Moreland, & Vance, 2004), 

has adopted the truncated list developed by the CROW Design Manual for Bicycle 

Traffic:  

• Coherence 

• Directness 

• Attractiveness 

• Safety 

• Comfort 

 

Successful design of bicycle infrastructure offers users the optimum combination of 

criteria (S. Reid et al., 2004). The challenge to designers is that criteria are often in 

conflict; a facility designed to meet one, or some criteria, may not be able to meet others 

(Hudson, 1982). There is also a tendency to overlook or ignore qualitative criteria that are 

difficult to evaluate objectively such as attractiveness and comfort, which may render 

bicycle infrastructure unacceptable to users, despite their performance in relation to more 

measurable and technical quantitative criteria such as safety (S. Reid et al., 2004). 

Furthermore, planning and design goals and objectives tend to dictate the choice, balance 

and ranking of criteria (Hudson, 1982), and additional complexity can be added by the 

requirement to design multi-use and barrier-free facilities for users that also include 

pedestrians, inline skaters, horses, dogs and wheelchairs (Cycle Infrastructure Design, 

2008; McClintock, 2002b). 

 

It is important to note, yet not surprising given bicycling is an outdoor activity, that 

weather has an impact on most of the design criteria for bicyclists, including safety, 

which often receives the heaviest weighting and the absence of which causes the most 

mental discomfort. Yet despite this, and recognition in the design principles that lack of 

shelter and energy losses cause physical discomforts to bicyclists, the relationship 

between microclimate and bicycling activity remains unexplored and mostly ignored in 

the design, planning, implementation and maintenance of quality bicycle infrastructure.  
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2.5 Influences on Bicycle Use 

2.4.1. Weather and Climate 

Climate is the meteorological condition that characteristically prevails over a period 

of time in a particular region and weather is the condition of the earth’s atmosphere at 

any given time and place (Brown & Gillespie, 1995). It is important to note that even 

though the elements of climate and weather are the same, typically described by measures 

such as temperature, precipitation, wind velocity, air pressure, and solar radiation (Brown 

& Gillespie, 1995), climate conditions have long-term, seasonal and regional effects on 

bicycle usage patterns as distinct from weather conditions, which affect bicyclists’ daily 

decisions (Heinen, Van Wee, & Maat, 2010; Nankervis, 1999). 

 

Despite the fact that bicycling is an outdoor activity, the effects of seasonal climate 

conditions and daily weather conditions on bicycle use have not been extensively studied 

and are not well understood. However, since the mid-2000s, there has been notable 

growth in this area of research and consistencies in key findings are beginning to emerge. 

 

Seasonal variation 

A comparison of Canadian municipal data with research findings from North 

America, Sweden, Denmark, Austria, The Netherlands and Australia indicates that 

seasonal climatic variation in bicycling levels is most pronounced in regions with harsh 

winter climates that are characterized by freezing temperatures, precipitation in the form 

of snow, and snow and ice accumulation on the ground. Municipal cycling surveys 

conducted in Ottawa, Toronto, Montreal and Quebec City all indicate a dramatic decline 

in bicycling in the winter months of December to March, dropping to 5%, 7%, 7% and 

2% respectively of the bicycling levels achieved in the peak summer months between 

May and August (Pucher & Buehler, 2005). In Montreal and Quebec City, 50% of 

bicyclists who cycled every day in summer still cycled in October and November (Pucher 

& Buehler, 2005). In all four cities, the month of December marks the onset of freezing 

daily average temperatures (< 0° C) and snow accumulation on the ground, with depths 

being greatest in Quebec City and the least in Toronto, and these winter conditions 



 26 

prevail for four months. This suggests that climatic conditions have a strong influence on 

seasonal variation in bicycling levels in Ontario and Quebec, and more days of 

precipitation and more days of freezing temperatures were associated with lower levels of 

utilitarian bicycling in a national Canadian survey (Winters et al., 2007). Data from 

Scandinavian countries indicate a lesser though still significant impact of winter climatic 

conditions, reducing bicycling levels between 47 per cent (Bergström & Magnusson, 

2003) and 66 per cent (Oberg et al., 1996 cited in Bergström & Magnusson, 2003) in 

Sweden, and commuter bicycling levels by 30 per cent in Copenhagen (Municipality of 

Copenhagen 1989 cited in (Nankervis, 1999). In Vienna, the activity level of both 

recreational and commuting bicyclists throughout 2002 correlated with the 

meteorological parameters (precipitation and air temperature) and human-

biometeorological factor (PET, or physiological equivalent temperature), with volumes 

six to seven times higher in June than October to March, slightly higher in spring than 

autumn and lowest in December (Brandenburg et al., 2007).  

 

In contrast, a survey of bicycle flows on utilitarian, mixed and recreational pathways 

in the Dutch cities of Gouda and Ede, which do not experience freezing daily average 

temperatures, found seasonal climate variations to be very small on utilitarian pathways, 

but a weak trend on recreational pathways indicated slightly greater volumes in spring 

than in autumn, which was unexpected (Thomas, Jaarsma, & Tutert, 2009). Similarly, in 

the more temperate climate of Melbourne, Australia, Nankervis (1999) noted an 

expected, if slight, seasonal variation in tertiary student bicycle commuting patterns, with 

numbers highest in summer and autumn, declining in winter and rising again in the 

spring. However, correlation tests revealed little evidence of significant relationships 

between changes in bicyclist numbers and seasonal changes in climate. 

 

In a North America-wide survey of commuting bicyclists, Stinson & Bhat (2004a) 

also found that regional climate variation correlates with seasonal variation of bicycling 

levels. Regions with greater fluctuations in weather conditions across seasons and lower 

winter temperatures such as Canada and the Midwest and Northeast U.S.A. experience 

sharper declines in bicycling levels from summer to winter, and the lowest bicycling rates 
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in winter, than regions with milder winters and smaller climatic variations. Interestingly, 

while bicycling levels are highest in summer across all regions in North America, the 

propensity to commute by bicycle is more common in Canada than any other region 

during the summer season, perhaps due in part to the comfort of relatively milder summer 

temperatures (Stinson & Bhat, 2004a).  

 

The negative influence of freezing temperatures, precipitation in the form of snow, 

and snow and ice accumulation on the ground on utilitarian bicycling relative to, or in 

combination with, each other has not been adequately explored. It is not clear if 

precipitation in the form of snow is more of a deterrent than low temperatures, or if it is 

the combined effect of these climatic elements that have a negative effect on bicycle 

usage in northern winters. Brandenburg et al. (2007) provide the only study using a 

multiple regression analysis of precipitation, air temperature, a thermal index (PET) and 

bicycle flows, but Vienna has milder winter temperatures than Ottawa and the study did 

not distinguish between rain and snow. Nankervis (1999) found methodological 

weakness in combining air temperature, wind and precipitation into a “weather” effect 

and then constructing a positive-negative continuum, noting that weather and climate 

elements and classifications have variable influences on decisions to ride a bicycle. 

Therefore, greater understanding is required to identify which of these negative climatic 

conditions can be most effectively mitigated through design to extend the Ottawa 

bicycling season into the colder months of the year. 

 

Temperature 

In the quantitative research conducted in Canada, Sweden, Denmark and Austria 

mentioned above, the seasonal lowering of temperature was associated with lower levels 

of bicycling. Simple regression analysis in the Vienna study revealed that the relationship 

between air temperature and bicycling levels was significant and more meaningful than 

the relationship between precipitation and bicycling levels, which had no statistical 

relationship, and recreational bicyclists were influenced more by temperature than 

commuting bicyclists (Brandenburg et al., 2007). Temperature was also one of the most 
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influential factors in deterring adults who only bicycled to work in summer from 

bicycling in winter in a Swedish study exploring the potential of transferring motor 

vehicle trips to bicycle trips in winter (Bergström & Magnusson, 2003). In contrast, the 

winter commuting bicyclists ranked temperature as one of the least important influences 

affecting their modal choice, and a Norwegian preference survey produced a similar 

finding, with only a few winter commuting bicyclists regarding the weather effect of low 

temperatures as a deterrent to using their bicycles (Giaever et al., 1998 as cited in 

Bergström & Magnusson, 2003). However, a contradictory finding emerged in Oulu, 

Finland, which has only a slightly milder winter than Ottawa, where winter bicyclists 

rated cold temperatures as the greatest obstacle (Kati, Ylinampa, Heikkinen, & Hirvonen, 

2010).  

 

Qualitative accounts of bicycling experiences are scant, but a study of nine urban 

commuting bicyclists in the English town of Derby revealed that cold temperatures in the 

early morning when “starting out” were not a deterrent to bicycling, but did cause 

temporary discomfort to the body, particularly to extremities such as the hands, until the 

bicyclist warmed up (McKenna & Whatling, 2007). 

 

Precipitation 

Precipitation in the form of snow and ice accumulation on bicycle route surfaces is a 

weather effect that is associated with lower levels of commuter bicycling during winter in 

Scandinavian countries. Bicycle flows on routes under ice and snow conditions were 

reduced by half and 66% in Gothenburg (Oberg et al., 1996 cited in Bergström & 

Magnusson, 2003) and Copenhagen (Municipality of Copenhagen, 1989 cited in 

Nankervis, 1999) respectively, compared to the flow on bare surfaces. And more than 

half (53%) of Norwegian winter cyclists surveyed declared they would not ride their 

bicycles if the route was not cleared of snow, although a slippery surface would only 

deter some (27%) of them (Giaever et al., 1998 cited in cited in Bergström & Magnusson, 

2003). In Vancouver, where snow and ice accumulation is a rare winter event, an icy or 

snowy route was the strongest deterrent on bicycling of 73 items asked of survey 
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respondents, and was found to be consistent across all four categories of bicyclists: 

regular, frequent, occasional and potential (Winters, Davidson, Kao, & Teschke, 2010).  

 

Contradictory patterns have emerged regarding the effect of rain on bicycling, 

which is in part due to different research methodologies and that precipitation can be 

measured in several ways: volume of rainfall per day, annual average rainfall, or the 

number of rainy days per year. The combination of rain with low temperatures had a 

more negative influence on bicyclists in Vienna than rain alone (Brandenburg et al., 

2007), and specific days of rain reduced bicycle flows by 40% during winter in 

Copenhagen (Municipality of Copenhagen, 1989 cited in Nankervis, 1999). However, 

Rietveld & Daniel (2004) and Thomas et al. (2009) found no association between rainfall 

and bicycling in The Netherlands. Furthermore, data from 35 cities in the USA cast doubt 

over the effect of rain as a significant deterrent to bicycle commuting, with three of the 

top six cities (percentage of commuting bicyclists) experiencing over 100 days of rainfall 

per year (Dill & Carr, 2003). Yet the bottom six cities also had over 100 days of rain. 

Stated preference surveys of bicyclists reveal that rain on a particular day in Vancouver is 

a stronger deterrent for potential bicyclists (median score -0.74) than regular bicyclists 

(median score -0.39) (Winters et al., 2010), and student bicyclists in Melbourne ranked 

and rated rain as a more influential factor than temperature in determining their daily 

bicycling decisions, even if observed daily counts showed rain, or the potential of rain, to 

be only marginally significant (Nankervis, 1999). 

 

Wind velocity and air pressure 

“Air resistance is by far the greatest retarding force affecting bicycling” (Faria, 

1992, p. 43). Yet surprisingly little is known about the weather effect of wind on 

utilitarian, commuting or recreational bicyclists, despite existing knowledge about the 

relationship between air resistance, speed and effort (Faria, 1992; Ploeger, 2003), and 

continued development in the study of aerodynamics and bicycling over the past 50 years 

(Lukes, Chin, & Haake (2005) summarizes the literature), particularly in the sports 

sciences (Atkinson, Davison, Jeukendrup, & Passfield, 2003; Gibertini & Grassi, 2008). 
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Rietveld & Daniel (2004) and Winters et al. (2007) found no association between 

average wind speed and bicycling levels in The Netherlands and Canada respectively. In 

other studies, the influence of wind on bicycling is either conspicuously absent as a 

weather parameter in the format of stated preference surveys (Stinson & Bhat, 2004a; 

Winters et al., 2010), or methodologies and therefore results have been weak or 

inconclusive (Aaheim & Hauge, 2005; Nankervis, 1999). 

 

Solar radiation 

A lack of daylight and poorly illuminated bicycle routes in non-daylight hours 

negatively affect the comfort and safety levels all types of bicyclists in North America, 

but commuting and regular bicyclists are less concerned than non-bicycling commuters 

and infrequent bicyclists (Stinson & Bhat, 2004a; Winters et al., 2010). However, in 

Scandinavian countries, which have higher latitudes and a population that is conditioned 

to greatly restricted hours of daylight during the winter months, darkness is barely a 

deterrent at all to winter bicycling (Bergström & Magnusson, 2003; Kati et al., 2010) 

 

2.4.2. Urban Form 

The relationship between urban form and a bicyclist’s thermal comfort lies in how 

the built and natural environments affect bicycle activity speed, physical effort and 

momentum, which particularly impacts the metabolic energy component of the energy 

budget equation. There is a growing body of research that has investigated the 

relationship between urban form and travel behaviour (for a comprehensive overview see 

Heinen et al., 2010), with bicyclists’ preferences and attitudes receiving the most 

attention. The influence of urban form on transport modal choice and bicycling 

frequencies is less understood.  

 

Within the built urban environment, trip distance for commuting or between 

activities has been identified as a major determinant of bicycle use and is affected by the 

size and population of the urban area, the transportation network layout, urban density 
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and mixed land use (Heinen et al., 2010). Increases in distances impact negatively on 

bicycle use, decreasing bicycling’s modal share in general (Bergström & Magnusson, 

2003; Moritz, 1997; Pucher & Buehler, 2006; Zacharias, 2005) and specifically for 

commuting to work (Bergström & Magnusson, 2003; Parkin, Wardman, & Page, 2008). 

Non-cyclists also mention long distances as a deterrent to travelling or commuting by 

bicycle (Bergström & Magnusson, 2003; Stinson & Bhat, 2004a). Built environments that 

contribute to shorter trip distances, characteristically high density urban areas with mixed 

land uses and dense network layouts, have a positive impact on bicycle use (Heinen et al., 

2010). However, only one study hints at the link between urban form, bicycling activity 

and physical discomfort, suggesting that ‘the resistance to travel [by bicycle] probably 

increases disproportionately with distance due to the physical effort required’ (van Wee 

et al., 2006 as cited in Heinen et al., 2010). 

 

Bicycle infrastructure is another component of the built environment that influences 

bicycle use. Research indicates that the type of infrastructure, its continuity, and its 

separation from motor vehicle traffic is strongly related to perceptions of bicycling safety 

(Heinen et al., 2010). The few studies that have investigated the effect of surface quality 

on the bicycling experience conclude that uneven surfaces, debris, and particularly snow 

and ice accumulation are significant deterrents to bicycle use. (Bergström & Magnusson, 

2003; Winters et al., 2010). However, neither study sought to understand if these 

deterrents were related to safety concerns or the discomforts associated with the 

requirement of extra physical effort. 

 

Traffic controlling mechanisms such as traffic lights and stop signs are necessary for 

regulating motor vehicle traffic, and the safety afforded by traffic lights, in particular, is 

valued by bicyclists on routes that cross major traffic intersections (Aultman-Hall, Hall, 

& Baetz, 1997; Stinson & Bhat, 2003). However, traffic lights and stop signs cause 

momentum interruptions and delays in travel time to the extent that bicyclists generally 

seek to avoid routes with traffic lights (Stinson & Bhat, 2003), or choose alternative 

modes of transportation. Rietveld & Daniel (2004) concluded that the percentage of 

bicycle use was lowest in Dutch cities that had the longest travel delays, a result of 
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congestion and frequent stops along travel routes. Stopping precedes acceleration, one of 

the more physically demanding tasks for bicyclists. So an increase in the frequency of 

stops costs a bicyclist a disproportionate amount of effort (Fajans & Curry, 2001 as cited 

in Heinen et al., 2010).  

 

The natural environment is integral to urban form and topography is an important 

factor influencing bicycle use as the presence, direction and steepness of slopes impacts 

the amount of physical effort required to maintain momentum. Most studies conclude that 

the presence of slopes has a negative impact on bicycling (Parkin, Ryley, & Jones, 2007; 

Parkin et al., 2008; Rietveld & Daniel, 2004; Rodrııguez & Joob, 2004). However, 

interestingly, Stinson & Bhat (2005) found that depending on a bicyclist’s level of 

experience, topography can be interpreted differently: experienced bicyclists stated a 

preference for hilly environments over flat or mountainous terrain for commuting, while 

inexperienced bicyclists preferred flat terrain or hills to mountains. Stinson & Bhat 

(2005) argued that the preference for hilly terrain could be explained by the act of 

bicycling downhill compensating for the extra physical effort required to bicycle uphill. 

 

In summary, the literature reveals increasing focus amongst researchers on factors 

within the physical environment that influence bicycle use. However, explicit links 

between the weather and climate, and urban form with bicycling activity and thermal 

comfort have yet to be established. 

 

2.6 COMFA Model 

Outdoor human thermal comfort models can provide another layer of understanding 

to microclimatic design and bioclimatic urban design. These models are used to predict 

how a human feels in their environment and are potentially a practical tool that can assist 

landscape architects to evaluate the suitability of outdoor spaces for activity and predict 

the impacts of design modifications on user thermal comfort. 
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2.6.1. Human Thermal Comfort Models  

Human thermal comfort models represent the thermal interaction between the 

human body and its surrounding environment and the models’ accuracy, or ability to 

predict, is dependent upon the inclusion of all relevant parameters affecting the human 

energy balance. One of the first to define a reliable energy balance was Fanger (1972), 

who created the predicted mean vote (PMV) model of thermal comfort from indoor, 

steady-state, non-complex simulations. Fanger’s model is still in wide use today for 

indoor climate research, yet it also provided the foundation for the development of more 

sophisticated energy-balance models based on the physiological description of heat 

exchange, and modelling of outdoor microclimates.  

 

2.6.2. Human Thermal Comfort Models for Outdoor Activity 

Thermal comfort models based on indoor research conducted under steady-state 

conditions cannot adequately take into account the effects of dynamic outdoor 

environments, specifically the variability and intensity of solar radiation and higher wind 

speeds (Givoni et al., 2003; Höppe, 2002). Thermal sensation is also perceived differently 

outdoors than it is indoors (Höppe, 2002). Vanos et al. (2010) provide a useful overview 

of research efforts to develop accurate thermal comfort models for the outdoor 

environment and describe the differences between modelling human activity in an indoor 

versus outdoor environment. 

 

There is a paucity of research that explores the relationship between bicycling 

activity and thermal comfort, and published studies have concentrated on investigating 

the thermoregulatory responses to bicycling with and without a helmet (Sheffield-Moore, 

Short, Kerr, & Parcell, 1997), developing a quantitative method of evaluating the thermal 

comfort of bicycle helmets (J. Reid & Wang, 2000), and improving the thermal comfort 

of helmets (Quanten, Aerts, Van Brecht, & Welkenhuyzen, 2004). This study attempts to 

address this research gap and is made possible due to recent developments in outdoor 

thermal comfort modelling. 
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2.6.3. COMFA Model  

COMFA, which is based on Fanger’s (1972) model, is the most appropriate outdoor 

human thermal comfort model to explore the relationship between microclimate and 

bicycling activity, primarily because it has been field tested on exercising individuals, 

including bicyclists, and with revisions it now has a demonstrated ability to predict the 

actual thermal sensation (ATS) of users 70% of the time (Kenny et al., 2009a; Kenny, 

Warland, Brown, & Gillespie, 2009b). Other advantages of the updated COMFA model 

include: 

• It was developed and is tailored specifically for the outdoor environment. 

• It addresses the complexity of outdoor spaces by incorporating a range of 

contextual and site-specific data input variables related to site features that 

affect microclimates. 

• It allows the input of participant data variables such as activity type and 

speed, wind direction relative to activity direction, and clothing type, 

• It has universal applicability. 

• It has a user-friendly, menu-driven interface, which allows data input via 

drop-down menus. 

• The interface provides for ‘live’ analysis of energy streams and how they are 

each affected by the input of different combinations of data variables in the 

modelling process. 

 

The benefit of outdoor thermal comfort modelling is in the planning and design 

phases. The modelling process allows design professionals to deepen their understanding 

of the inherent characteristics of a site and how it will be used, and test the impacts of 

design modifications on user thermal comfort before implementation, thereby avoiding 

problems and optimizing the usage and enjoyment of the designed site. An objective of 

this research is to use the COMFA model to investigate the microclimate of an existing 

site and simulate the thermal comfort of users bicycling through the site. 
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2.7 Summary 

There is recognition in bicycle pathway design principles that exposure to weather 

and climate effects, energy losses and exertion cause physical discomforts to people 

bicycling in outdoor environments. Additionally, literature focusing on influences on 

bicycle use reveals increased attention to the negative impacts of weather, climate and 

urban form, although studies examining the link between the physical environment and 

bicycling activity are sporadic and geographically scattered. Yet the relationship between 

microclimate and bicycling activity remains unexplored and mostly ignored in the 

planning, design, implementation and maintenance of quality bicycle infrastructure. This 

is symptomatic of the broader context of urban planning and design, with the literature 

revealing a general lack of climate knowledge amongst planners and designers, as well as 

an underutilization of existing urban climatology knowledge. Practical climate tools are 

needed to assist designers in creating thermally comfortable outdoor environments that 

encourage necessary and optional human activity, and address the functional, physical 

and psychological challenges faced by urban dwellers in cold, northern climates. 

 

This literature review achieved the research objectives of identifying the principles 

of microclimatic design and bicycle pathway design, and described the concept of 

outdoor human thermal comfort along with a brief overview of outdoor human thermal 

comfort modelling, thereby establishing the research foundation for exploring the 

relationship between microclimate and bicycling activity. The COMFA model was 

selected as the appropriate tool to identify factors that enhance and inhibit bicycle user 

thermal comfort, and to facilitate the research goal of developing design solutions that 

improve the thermal comfort of bicyclists in a cold climate. The practical application of 

the COMFA model to a proposed bicycle pathway on a site in Ottawa is described in the 

next chapter. 
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3.0 METHODS 

3.1 Introduction 

This chapter describes the methods used to investigate the microclimate of an 

existing site in Ottawa and the processes involved in the practical application of the 

COMFA model to simulate the thermal comfort of users bicycling through the site. The 

first research step involved understanding the Ottawa site within the contexts of bicycle 

pathway design and microclimate design. The second step required an inventory analysis 

to establish design parameters and data input variables for COMFA modelling. Finally, a 

better understanding of the relationship between microclimate and bicycling activity was 

achieved through COMFA modelling and analysis: 

3.2 Study Site 

3.2.1 Site Selection Criteria 

The site was selected based on criteria that adhered to principles of microclimate 

design and bicycle pathway design, which were explored and identified in the Literature 

Review, and potential to test and compare the thermal comfort of bicyclists in a variety of 

microclimate locations using an energy budget model. The benefit of modelling outdoor 

thermal comfort occurs at the beginning of the planning and design phase is it allows 

designers to test scenarios, make more informed design decisions and avoid problems 

before they occur. 

 

Microclimates occur as a result of interaction between the prevailing climate and 

objects in the landscape (Brown & Gillespie, 1995). Objects in the landscape can 

significantly modify the effects of wind, solar radiation and terrestrial radiation on 

outdoor human thermal comfort. Therefore, site selection criteria required a variety in site 

characteristics such as the type and density of vegetation and ground surface materials. 

An undeveloped site was deemed desirable so that design modifications affecting outdoor 

human thermal comfort, if required, would be possible. As the bicycle activity input 

variables incorporated in the COMFA model were based on field tests in which 
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participants were bicycling on a level surface (Kenny et al., 2009), the site’s ground plane 

had to be level (+/- 3%) in the direction that bicyclists’ would travel on existing or 

proposed bicycling infrastructure. The bicycle infrastructure network in the Ottawa 

Cycling Plan (2008) was examined to identify an undeveloped site on a proposed 

bicycling route that addressed the criteria of continuity, connectivity between origins and 

destinations, directness and convenience. 

 

3.2.2 Study site 

The study site is located immediately north-west of the intersection of Hunt Club 

Road and Riverside Drive in the southern suburban periphery of Ottawa, Ontario, Canada 

at 45º 20’05” N, 75º 41’36” W (Figures 2 & 3). The site is approximately 24 hectares in 

area and is bordered by Hunt Club Road to the South, Kimberwick Crescent to the North, 

Riverside Drive to the East and the Rideau River to the West. 

 

Figure 2.  Location of Ottawa within Ontario, Canada. (Natural Resources Canada) 
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Figure 3.  Google Earth image of study site. (Google Earth, 2010) 

 

3.2.3 Site Context Analysis 

The Site Context Analysis (Appendix C) was constructed by layering a 2010 City of 

Ottawa Land Use plan (C. Halchuk, City of Ottawa, email communication, August 27, 

2012) with the Ottawa Cycling Plan Network Facility Types (Appendix D) in Adobe 

Illustrator. The marked up map highlighted existing and proposed bicycle infrastructure, 

opportunities for, and barriers to, continuity of the Ottawa bicycle network presented by 

the site, and proximities of existing and planned origins and destinations to the site within 

one and two-and-a-half kilometre radii. A two-and-a-half kilometre radius was selected 

as its corresponding five kilometre diameter represents 18.75 minutes of travel time for a 

person bicycling at 16.0 km/h, which is the minimum speed tested in the COMFA model. 

Twenty minutes is recognized as the maximum amount of time people will walk or 

bicycle from origins to destinations for utilitarian purposes (Bergström & Magnusson, 

2003; Dill, 2009; Moritz, 1997).  
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3.2.4 Site Analysis 

The site analysis was guided by bicycle pathway design principles to ensure that the 

needs of bicyclists and the quality of the bicycling experience were specifically 

addressed. An aerial satellite image of the site was downloaded from Google Earth. A 

Site Analysis was drawn over the aerial image and highlighted landscape features that 

presented opportunities and barriers to bicyclists’ comfort and convenience.  

 

3.3 Inventory 

The inherent characteristics of the Ottawa site that impact outdoor human thermal 

comfort were identified and inventoried to establish the input data variables for the 

COMFA model. 

 

3.3.1 Site Data 

3.3.1.1 Vegetation and Current Land Use 

i. Vegetation 

Aerial satellite images of the study site were downloaded from eMaps on the City of 

Ottawa website and from Google Earth. Visible vegetation zones were identified and 

layered on these images in Adobe Acrobat Pro. Site reconnaissance visits on 28 February 

2009 and 27 August 2009 confirmed the vegetation classifications, and ground cover 

material and plant species were also identified and recorded. 

 

ii. Current Land Use 

Current land use and planning zone maps were downloaded from the City of 

Ottawa’s eMaps. A private development proposal for the study site Planning Rationale 

Development Proposal produced by FoTenn Consultants Inc. in October 2008, which is 

available for public review on the City of Ottawa website (FoTenn Consultants Inc., 

2008), provided more detailed planning information about the study site and its context 
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within Ottawa, as well as motor vehicle traffic data for the Hunt Club Road and Riverside 

Drive intersection. Additional motor vehicle traffic data for the intersection collected on 

22 June 2009 was provided by the City of Ottawa (C. Simpson, Senior Project Manager 

Transportation Planning, email communication, November 25, 2009). 

 

Existing and proposed bicycle routes and infrastructure were sourced from the 

Ottawa Cycling Plan, which was produced for the City of Ottawa in January 2008. 

 

3.3.1.2 Soils and Landforms 

Topographic data was obtained from the City of Ottawa’s eMaps (2009) and from 

Preliminary Geotechnical Assessment St. Mary’s Site, Ottawa, Ontario produced by 

Golder Associates in September 2009 in support of a private development proposal for 

the study site, which is available for public review on the City of Ottawa website (Golder 

Associates, 2009). This geotechnical assessment report also provided a soil analysis, a 

slope analysis and stability assessment, and information about the study site’s previous 

land use. 

 

3.3.1.3 Microclimate 

A microclimate map was produced in Adobe Illustrator by layering the vegetation 

and current land use data over the soils and landforms data and identifying five 

microclimate zones. These microclimate zones represent combinations of existing site 

characteristics that modify climate to create microclimates and provide the site-specific 

data inputs for COMFA modelling. 

 

3.3.2 Climate Data 

The COMFA model incorporates a range of spatially- and temporally-based climate 

data linked to the location selected on the user interface. The climate data includes air 

temperature, relative humidity and wind speed, all based on hourly averages for each 
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month of the year, sun azimuth, which is expressed in degrees from the solar noon, and 

sun elevation, measured in degrees above the horizon. In the Northern Hemisphere, solar 

noon occurs at the time of day in any given place when the sun is at its highest elevation 

and aligned with True South.  

 

Procedures and source data used to prepare the climate data inputs for the 

COMFACycle model are described in detail in “COMFA Interactive Model: Input 

Development” (Vanos, 2009), and are based on 30 year monthly averages sourced from 

Environment Canada’s Canadian Climate Normals for Ottawa Macdonald-Cartier 

International Airport, which is adjacent to the study site.  

 

Additional climatic conditions affecting the thermal comfort of a person bicycling 

through the site include the amount of cloud cover, which affects solar radiation, wind 

direction, which affects wind velocity surrounding the moving bicyclist, and, during 

colder months, snow cover on the ground and the frozen Rideau River. Monthly averages 

for hours of cloud cover, wind direction, snow depth and days of snow cover ≥ 1 

centimetre were also sourced from Environment Canada’s Canadian Climate Normals 

1971-2000 for Ottawa Macdonald-Cartier International Airport: 

Table 1. Average daily climatic conditions for the months of March, April, July, October and 
November. (Environment Canada, 2012a) 

 Average Daily Climatic Conditions 

 Temperature oC 
Relative 

Humidity 
Wind 
Speed 

Wind 
Direction 

Snow 
Depth 

Snow 
Depth 

 Average Min Max % km/h   cm 
Days ≥ 

1cm 
March -2 -7 2 58 15 W 23 26 
April 6 1 11 50 15 W 2 6 
July 21 15 27 53 10 S     

October 8 3 13 60 13 S   1 
November 1 -3 5 68 14 W 2 7 
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3.2.3 Bicyclist Data 

The literature review combined with bicycle traffic data reports produced by the 

City of Ottawa (2010) and the Ottawa bicycle advocacy group Citizens for Safe Cycling 

(Z. Krstulich, President, email communication, December 3, 2009) informed the design 

parameters of bicycling activity, time of day and season. Field observations (Appendix F) 

augmented these findings and also determined clothing ensembles, the direction of 

bicycle travel and the relationship of the Hunt Club bridge, which provides an east-west 

connection over the Rideau River, to bicycle travel. 

 

There are three basic categories of bicyclists in an urban situation: The fast 

commuter bicyclist, the utility bicyclist and the leisure bicyclist (McClintock, 2002a). 

These categories were matched to bicycling speed data input variables incorporated in the 

COMFA model (Vanos, 2009):  

Table 2. Bicycling Speed by Urban Bicyclist Category. 

 Speed (km/h) Activity Description MET 

Leisure Bicyclist 16.0 – 19.2 Leisure, slow, light effort 6.0 

Utility Bicyclist 22.5 – 25.5 Racing or leisure, fast, vigorous effort 10.0 

Commuter Bicyclist 25.6 – 30.4 Racing/not drafting or > 30.4 drafting, 
very fast, racing general 12.0 

 
Bicycling activity speeds and corresponding MET levels incorporated into the 

COMFA model were sourced from “Compendium of Physical Activities: an update of 

activity codes and MET intensities” (Ainsworth et al., 2000), where 1 MET = 58.15 

W/m2.  
 
Field observations (Appendix F) confirmed that bicyclists did not wear athletic 

technical clothing during the afternoon commuting period, but wore comfortable casual 

clothing appropriate to environmental conditions that correlated with the clothing 

ensembles tested by Kenny et al (2009b) and incorporated into the COMFA model. 
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3.4 COMFACycle Modelling and Analysis 

Notes on the COMFACycle model 

There are several human thermal comfort models available in the literature, but only 

one, COMFA (Brown & Gillespie, 1995; Kenny et al., 2009b) has been applied to 

individuals exercising in outdoor environments. For this study, the model interface was 

modified to specifically accommodate bicyclists and the resultant model was dubbed 

COMFACycle. It was designed to predict the outdoor thermal comfort of bicyclists based 

on the human energy balance, which is expressed as an energy budget value as it relates 

to outdoor thermal comfort sensation (Table 3.) 

Table 3. Energy budget values relating to outdoor thermal comfort sensation. (Kenny et al., 
2009b) 

Energy Budget (W/m2) Thermal Comfort 

250 and above Would prefer to be much cooler 

150 to 250 Would prefer to be cooler 

-20 to 150 Thermally comfortable 

-150 to -20 Would prefer to be warmer 

-150 and below Would prefer to be much warmer 

 

The COMFACycle model is tailored specifically for bicycling activity in an outdoor 

application and assumes the bicyclist is wearing a bicycle helmet, has a bare face and is 

performing bicycling activity on a level surface as tested by Kenny et al. (2009a). 

COMFACycle addresses the complexity of outdoor spaces by incorporating a range of 

contextual, site-specific and participant data input variables related to outdoor site 

features. Contextual data for COMFACycle modelling include: location (city), setting 

(urban/rural), date (month), time (hour), type of day (sunny/completely overcast), typical 

temperature, and typical wind speed. Site-specific data relevant to this study included: 

windbreak (% reduction), percentage of sky visible, groundcover material, shade (various 

tree species/ no tree), and tree in leaf (yes/no). Participant data included: activity (3 
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bicycling speeds, standing), clothing ensembles, and wind direction (headwind/ tailwind/ 

perpendicular). An example of the COMFACycle user interface is provided in Appendix 

A. 

 

The COMFACycle model was used in this study to assess the thermal comfort of 

bicyclists traveling at three speeds through five microclimate locations in the months of 

March, April, July, October and November. It was noted during field observations 

(Appendix F) that navigational complexity and traffic lights at the intersection of Hunt 

Club Road and Riverside Drive caused bicyclists to stop for minutes at a time. 

Furthermore, the site offers destinations in the form of a playground and soccer field, as 

well as opportunities for river views, which may prompt a pedaling bicyclist to stop. 

Therefore, the COMFACycle model was also used to assess the thermal comfort of 

bicyclists at rest in each microclimate location. 

 

3.4.1 COMFACycle Modelling of Existing Microclimate Conditions 

The design parameters for COMFACycle modelling were guided by the principle of 

designing microclimates for the majority of bicyclists for the majority of the time and by 

the research goal, which is to investigate if the bicycling season can be extended through 

design interventions that enhance thermal comfort. Bicycling activity in Ottawa is 

strongly influenced by seasonal climatic variation and typically commences in the month 

of April, reaches peak levels in July, and tapers off by the end of October. Utilitarian 

travel trips in Ottawa typically occur in the afternoon rather than the morning commuting 

period (iTRANS Consulting Inc., 2006) and include adult bicyclists returning from work 

and running errands. Therefore, each microclimate location was modeled under sunny 

and overcast conditions at 1600, 1700 and 1800 hours (afternoon commuting period) in 

April, July and October (start, peak and end of the bicycling season), and in March and 

November (representing the extension of the bicycling season).  

 

The contextual climate and clothing data input variables are listed in Table 5. 

Temperature, relative humidity and wind speed are dependent on month and time data 
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input variables, while clothing and wind direction are dependent on month data input 

variables. However, the site-specific data input variables (see Table 6) are changed by 

location, season and time during the modelling process. 

 

The COMFACycle user interface is linked to climate data based on sun time while 

the afternoon commuting period occurs during clock time. Therefore, as Eastern Daylight 

Savings Time is in effect in April, July and October, 1600, 1700 and 1800 hours were 

inputted on the COMFACycle user interface at 1500, 1600 and 1700 hours sun time re-

spectively during these months. 

 

3.4.2 Sensitivity Analysis 

A sensitivity analysis was performed in the COMFACycle to test the relative effect 

of solar radiation, wind and clothing ensembles on bicyclists’ thermal comfort. These re-

sults were then compared to the relative effect the four types of activity had on bicyclists’ 

thermal comfort. 

 

The sensitivity analysis was performed on all four activities under sunny conditions 

at 1600 hours clock time on a typical day in March (Eastern Standard Time) and July 

(Eastern Daylight Time) in Location GP (Grassy Park). March represents the coldest 

month tested in this research and July is the warmest month of the year in Ottawa. 1600 

hours represents the warmest time tested in July and the time in March when there is still 

enough sunlight to test the effects of solar radiation. The wind speed was 26 km/h in 

March and 19 km/h in July. 

 

The site-specific data variables tested were wind reduction due to windbreak (20% 

of full wind, 50% of full wind and 100% of full wind), diffuse solar radiation expressed 

as a percentage of sky visible (0%, 50% and 100%), and direct solar radiation (solid 

structure and Norway maple tree). Three typical clothing ensembles appropriate to each 

month were used (see Table 4 for example test). All sensitivity tests left other contextual 
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and site-specific data variables constant per the COMFACycle modelling of the five 

existing microclimate zones. 

Table 4. Relative effects on energy budget values caused by changes in clothing ensembles 
under sunny conditions at 1600 hours clock time in July and March in location GP. Range of 
change in energy budget value is also shown. 

 

3.4.3 Exploratory Sample 

Field observations were conducted in the summer months of June and August and 

during January, the coldest month of the year, to record bicycling levels, clothing 

ensembles, direction of travel, navigation of the intersection, and temperature. Key 

findings were tabled in Excel (Appendix F) and the thermal comfort of bicyclists was 

modeled under extremely cold conditions using wind chill data sourced from 

Environment Canada (2012b). 

 

 

 

 

 July March 
 Budget Values (W/m2) Budget Values (W/m2) 

 

16.0-
19.2 
km/h 

22.5-
25.5 
km/h 

25.6-
30.4 
km/h Standing 

16.0-
19.2 
km/h 

22.5-
25.5 
km/h 

25.6-
30.4 
km/h Standing 

Clothing 
Ensemble 

A 160 267 333 93 85 262 354 -21 
B 175 315 391 101 37 207 295 -50 
C 190 352 433 108 -8 153 238 -77 

Range 30 85 99 15 93 109 116 56 

A T-shirt, short pants, socks, running shoes  
Shirt, long pants, socks, shoes, sweater, 
windbreaker 

B T-shirt, long pants, socks, shoes or boots  Shirt, long pants, socks, shoes, sweater  

C 
T-shirt, long pants, socks, shoes, wind-
breaker  Shirt, long pants, socks, shoes, windbreaker  

 Light Colour Medium Colour 
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Table 5. Contextual data variables for COMFACycle modelling.

 
Month 

Clock 
Time Temperature 

Relative  
Humidity Wind Clothing 

   (0C) (%) 
Speed 
(km/h) Direction 

Relative to 
bicycling 
direction Type Colour 

March 1600 2 52 26 West Perpendicular 
Shirt, long pants, socks, 

shoes, sweater, windbreaker Medium 
 1700 1 54 25 “ “ “ “ 
 1800 1 57 23 “ “ “ “ 

April 1600 11 51 27 West Perpendicular 
Shirt, long pants, socks, 

shoes, windbreaker Medium 
 1700 11 52 26 “ “ “ “ 
 1800 10 54 25 “ “ “ “ 

July 1600 26 51 19 South Oblique 
T-shirt, short pants, socks, 

running shoes  Light 
 1700 26 52 19 “ “ “ “ 
 1800 26 54 18 “ “ “ “ 

October 1600 13 55 21 West Perpendicular 
Shirt, long pants, socks, 

shoes, windbreaker Medium 
 1700 12 56 20 “ “ “ “ 
 1800 12 58 19 “ “ “ “ 

November 1600 5 63 24 West Perpendicular 
Shirt, long pants, socks, 

shoes, sweater, windbreaker Medium 
 1700 4 65 23 “ “ “ “ 

 1800 3 71 14 “ “ “ “ 
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Table 6. Site-specific variables for COMFACycle modelling of existing microclimate conditions by 
Location. 

 

 
 

 Location DF - Deciduous Forest 

 
Full Wind 

% 
Ground Cover  

Material Tree Type Tree in Leaf 
Sky View 
Factor % 

March, April, 
October, November 60 Deciduous Forest Silver Maple No 70 

July 40 Deciduous Forest Silver Maple Yes 70 
      
 Location CF - Coniferous Forest 

 
Full Wind 

% 
Ground Cover  

Material Tree Type Tree in Leaf 
Sky View 
Factor % 

March, April, July, 
October, November 20 Coniferous Forest White Pine Yes 70 

      
 Location RE - River Edge 

 
Full Wind 

% 
Ground Cover  

Material Tree Type Tree in Leaf 
Sky View 
Factor % 

March 100 Old Snow N/A N/A 100 
April, 1600 & 1700 

hours 100 
Water, 

high sun angle N/A N/A 100 

April, 1800 hours 100 
Water, 

low sun angle N/A N/A 100 

July 100 
Water, 

high sun angle N/A N/A 100 

October, November  100 
Water, 

low sun angle N/A N/A 100 
      
 Location GP - Grassy Park 

 
Full Wind 

% 
Ground Cover 

Material Tree Type Tree in Leaf 
Sky View 
Factor % 

March 100 Old Snow N/A N/A 100 
April, July, 

October, November 100 Grass N/A N/A 100 
      
 Location AR - Asphalt Road 

 
Full Wind 

% 
Ground Cover  

Material Tree Type Tree in Leaf 
Sky View 
Factor % 

March, April, July, 
October, November 100 Road, Blacktop N/A N/A 100 
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3.4.4 Data Analysis 

Energy budget values outputs from COMFACycle modelling were presented in 

graph format for each location in both sunny and overcast conditions. In each graph, the 

month and time of day is shown on the horizontal axis, and the outdoor thermal comfort 

sensation of bicyclists, expressed as an output energy budget value, is shown on the 

vertical axis and plotted for each bicycling speed (16.0-19.2 km/h, 22.5-25.5 km/h, 25.6-

30.4 km/h and standing). Each graph is overlaid on the vertical axis with colour-coded 

thermal zones that correlate to the energy budget values relating to outdoor thermal 

comfort sensation (see Table 3 after Kenny et al., 2009b). 

 

The sensitivity analysis, which tested the relative effect of solar radiation, wind and 

clothing ensembles on bicyclists’ thermal comfort, is presented in a table format. 

 

The COMFACycle interface (see Appendix A) provides a supplemental list of the 

energy budget components, and their corresponding energy budget values, that make up 

the human energy budget equation. This enables deeper analysis of energy streams and 

how they are each affected by the input of different combinations of data variables in the 

modelling process. The relative effects of bicycling activity, clothing and wind on a 

bicyclist’s energy streams are explored in the Discussion. 

 

3.5 Summary 

This chapter described the processes involved in the practical application of 

COMFACycle to a site in Ottawa. To gain a better understanding of the relationship 

between microclimate and bicycling activity, it was necessary to identify and inventory 

the inherent characteristics of the selected site using criteria that affects outdoor human 

thermal comfort and establish site-specific and bicyclist (participant) data input variables, 

and design parameters for COMFACycle modelling. COMFACycle modelling and 

analysis was then conducted to predict the thermal comfort of bicyclists in five 

microclimate zones in the Ottawa site. A sensitivity analysis was performed to further 
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understand the relative impacts of wind, solar radiation and clothing on a bicyclist’s 

thermal comfort. The results from COMFACycle modelling and the sensitivity analysis 

are presented in the following chapter. 
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4.0 RESULTS 

This research initially required understanding of a site in Ottawa within the contexts 

of bicycle pathway design and microclimate design, the results of which are presented in 

the format of a site context analysis and site analysis, and described in an inventory 

analysis from which design parameters and data input variables were established for 

COMFACycle modelling. The results of COMFACycle modelling of existing 

microclimate conditions by bicycling activity are presented in graph format and 

described, and are further augmented by a sensitivity analysis of the impacts of wind, 

solar radiation and clothing on a bicyclist’s thermal comfort. An exploratory sample 

modelling extremely cold conditions from field observations is also presented. 

4.1 Study Site 

4.1.2. Site Context Analysis 

The Site Context Analysis (see Appendix C) illustrates how the Ottawa site is 

situated within the existing and proposed bicycle infrastructure network and current 

urban form. 

 

Existing and proposed bicycle infrastructure 

The study site is well served by Ottawa’s existing road network and transit system. 

Hunt Club Road and Riverside Drive are four-lane, divided arterial roads and their 

intersection is managed with traffic lights. Two left-hand turning lanes assist eastbound 

vehicles turning from Hunt Club onto Riverside and two left-hand turning lanes assist 

northbound vehicles turning from Riverside onto Hunt Club. Bus stops are located just 

before or after the intersection for transit travel in both directions on Hunt Club and 

Riverside. 

 

In contrast, the Ottawa bicycle infrastructure network is fragmented surrounding the 

site. On-road bicycle lanes exist in both directions on Hunt Club Road to the west of 

Riverside Drive and are planned for the section east of Riverside to Paul Anka Drive. On-
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road bicycle lanes are proposed for Riverside north of Hunt Club, where bicyclists and 

pedestrians were observed during field observations to take advantage of the existing 

combination of asphalt paths and concrete sidewalks adjacent to the road. Bicycle 

infrastructure on Riverside south of Hunt Club was constructed in 2011. On-road bicycle 

lanes are provided in both directions along Riverside to Limebank Road, upon which they 

continue south through Ottawa’s Greenbelt to the Riverside South community and 

beyond to Mitch Owens Road. An off-road, multi-use asphalt path runs alongside the 

western edge of Riverside/Limebank from Hunt Club to Leitrim Road. 

The National Capital Commission (NCC) multi-use recreational pathway network, which 

is an off-road facility occurring mainly on Ottawa’s water corridors and green spaces, 

terminates approximately four kilometres north of the site at Mooney’s Bay Park. The 

City of Ottawa has extended the off-road bicycle pathway south from Mooney’s Bay 

Park to Walkley Road, approximately three kilometres north of the site. 

 

According to the Ottawa Cycling Plan (2008), two types of bicycling infrastructure 

running in a north-south direction are proposed for the site: an off-road pathway adjacent 

to the eastern banks of the Rideau River, and on-road bicycle lanes on Riverside Drive. 

 

Origins and destinations 

The Site Context Analysis map (Appendix C) focuses on local utilitarian activity 

patterns and connections, highlighting origins and destinations that occur within one-

kilometre and two-and-a-half-kilometre radii of the site. The site is surrounded by auto-

dependent urban form characterized by low-density residential areas and single-use 

zoning. 

 

North 

To the north of the study site are mainly low-density residential areas with some 

pockets of medium-density residential areas. A hydro-electricity and rail corridor runs 

east-west approximately one kilometre north of the site, intersecting the residential areas. 

There is a mixed-use strip-mall on Riverside Drive within 500 metres of the site, and 
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some light industrial uses and a federal government business complex are located four to 

five kilometres away between Hog’s Back Road and Heron Road. The eastern bank of 

the Rideau River is publically accessible from Hog’s Back Falls to the Hunt Club Bridge 

with the exception of privately held waterfront residential property to the west of 

Riverside Drive above the hydro-electricity corridor and below Mooney’s Bay Park. 

 

South 
The Hunt Club Marketplace, with Asian food supermarket, restaurants and services, 

is located diagonally opposite (south-east of) the study site and is adjacent to the Ottawa 

Macdonald-Cartier International Airport, which forms part of the Greenbelt. Along the 

southern edge of Hunt Club Road are destinations that include airport and related 

facilities, light industry, truck transport terminals, warehouses, and parking. The airport 

lands also accommodate the Canadian Forces Ottawa Uplands residential housing site, 

two schools and a golf course. The newer suburban communities of Riverside South and 

Barrhaven are respectively located on the eastern and western edges of the Rideau River 

approximately five kilometres from the study site. 

 

East 
The privately held Ottawa Hunt and Golf Club is located immediately east of 

Riverside Drive. To the north of the golf course is the IBM office building and Tudor 

Hall banquet facility. Low- and medium-density housing surrounds the golf course to the 

north and east. Further east is the South Keys Shopping Centre, which is a major mixed-

use destination located on the corner of Hunt Club Road and Bank Street. 

 
West 

Mainly low-density residential properties, with two small clusters of medium-

density residential areas, are located on the western banks of the Rideau River north of 

Hunt Club Road. To the west of these residential areas, and within 2.5 kilometres of the 

study site, lies an expanse of general and light-industrial business areas, namely the 

Rideau Heights Business Park, Merivale Industrial Area and Colonnade Business Park, 

which is located north of the rail line in the hydro-electric corridor. Merivale Road is a 
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major retail precinct north of Hunt Club to Baseline Road. Ottawa’s Greenbelt and a low-

density residential sub-division encircles the business and light-industrial parks to the 

south-west. To the north-west of the site beyond 2.5 kilometres are low-density 

residential areas, punctuated by some medium-density residential properties. 

 

Connectivity and continuity – opportunities and barriers 

The study site is favourably located to provide an opportunity for enhanced 

connectivity within the Ottawa bicycle infrastructure network. The site is situated in the 

central southern end of the city and is adjacent to the intersection of major north-south 

and east-west transportation corridors, and the north-south Rideau River corridor. The 

generous width of the right-of-way along Riverside Drive and the undeveloped nature of 

the study site provide ample scope for exploring microclimatic design solutions for 

bicycle infrastructure. The intersection is also a southern gateway from Ottawa’s urban 

area to the Greenbelt and southern rural communities, and the north-south corridors of 

Riverside Drive and the Rideau River provide opportunities for urban-rural connectivity. 

The adjacent Hunt Club Bridge provides an east-west connection over the Rideau River 

and is the only river crossing between Hog’s Back Falls, five kilometres to the north, and 

the town of Manotick, which is 14.5 kilometres to the south. 

 

The intersection of Hunt Club Road and Riverside Drive also presents barriers to the 

continuity of bicycle infrastructure and consequently to the comfort and safety of 

bicyclists. During the morning and afternoon peak commute times, the Hunt Club Bridge 

crossing causes heavy congestion on both roads as well as Prince of Wales Drive, which 

runs parallel to the western edge of the Rideau River. Motor vehicle volumes occurring 

between 4pm and 6pm on Hunt Club and Riverside are summarized as follows: 
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Table 7. Existing motor vehicle traffic volumes 1600-1800 hours. (C. Simpson, City of 
Ottawa, email communication, November 25, 2009) 

 

 

 

 

 

 

 

 

The intersection currently presents complexity to bicyclists due to the combination 

of a lack of bicycle infrastructure on Riverside Road (north), the sudden discontinuation 

and “dropping in” of existing on-road bicycle lanes on Hunt Club Road, the difficulty in 

negotiating left hand turns from the right edge of five-lane arterial roads with a high 

volume of motor vehicle traffic, and the requirement of motor vehicles to cross on-road 

bicycle lanes to enter right-hand turning lanes (see Table 8). It was noted during field 

observations in August that 29% of bicyclists travelling with the flow of the highest 

volumes of motor vehicle traffic – southbound on Riverside (43%) and eastbound on 

Hunt Club (21%) – negotiated the intersection on off-road paths and sidewalks (see Table 

8).  Further, 50% of bicyclists did not use the “dropped in” on-road bicycle lane to turn 

left from Hunt Club on to Riverside, choosing instead to break the continuity of their 

journeys in terms of time and directness, and presumably to avoid safety discomforts, by 

utilizing the signalized pedestrian crosswalks.  

 

The off-road pathway proposed on the eastern bank of the Rideau River presents an 

opportunity for continuity as its location under the Hunt Club bridge would allow bicy-

clists to avoid the intersection of Riverside and Hunt Club Roads. In a wider context, the 

location of off-road bicycling infrastructure on the river corridor would revive the con-

nectivity provided by historical river transportation and settlement patterns, and improve 

urban/rural connections. However, riverfront private properties located north and south of 

the site present potential barriers to connectivity and directness. 

  Motor Vehicles 
Riverside Drive Northbound 1,620 
  Southbound 2,722 
  Subtotal 4,342 
Hunt Club Road Eastbound 5,990 
  Westbound 2,490 
  Subtotal 8,480 
  Total 12,822 



 56 

Further barriers to continuity are large, single-use land uses such as the airport, golf 

course and federal government properties, and single-use zoning that increases distances 

between origins and destinations. 

Table 8. Field observations of bicyclist activity at the intersection of Riverside Road and Hunt 
Club Road, 27 August, 2009. 

 

The division of land between federal and municipal jurisdictions in the national 

capital region, which spans the provinces of Ontario and Quebec and includes the 

municipal cities of Ottawa and Gatineau, creates both political and physical barriers to 

the connectivity and continuity of Ottawa’s bicycle infrastructure. The federal 
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government is the largest land-owner in the region. The NCC, a Crown corporation 

accountable to the federal government, manages the lands that are of national strategic 

and symbolic importance, which include parks, monuments, public places, heritage 

buildings, shorelines, and green spaces such as the Greenbelt in Ontario and Gatineau 

Park in Quebec (see Figure 4). The NCC has built and maintains an extensive, scenic 

multi-use recreational pathway network on federal lands, but connectivity to abutting 

municipal infrastructure is sporadic and reflects a lack of co-ordination and/or co-

operation between federal and municipal governments. The fragmentation of federal 

lands within the City of Ottawa also creates physical barriers to the continuity of the 

NCC pathway network.  

 

 

Figure 4. National Capital Commission lands (Source NCC website,)  
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4.1.3. Site Analysis 

 

Figure 5. Site Analysis Map 

 

The study site is a destination for people who reside and work within its immediate 

proximity and a potential connecting corridor in Ottawa’s bicycling network. The 

playground, sporting facilities and paths that meander through the forest and floodplain 

provide opportunities for optional recreational activities, while necessary activities such 

as employment at the IBM-Cognos building and grocery shopping, respectively occur on 
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the site’s eastern and south-eastern perimeter. The Site Analysis Map (see Figure 5) 

highlights key features of the site that must be considered in microclimatic landscape 

design for bicyclists, which address potential thermal discomforts from weather effects 

and physical effort, including: prevailing seasonal wind directions, slope direction and 

angle, steep slopes, frost pockets, water drainage direction, forested areas, the river flood 

plain, opportunities for scenic views, and areas of concentrated air and noise pollution 

occurring alongside the arterial roads.  

 

4.2 Inventory 

The inherent characteristics of the study site that impact outdoor human thermal comfort 

are indentified in greater detail in this section, and provide the contextual input data 

variables for the COMFACycle model. 

 

4.2.1 Site Data 

4.2.1.1 Vegetation and Current Land Use 

i Vegetation 

The site has five distinct vegetation zones, which are outlined in Figure 7. 

 

The Upland Grass zone incorporates the former sand pit site and the Uplands 

Riverside Park. It is primarily vegetated with shortly mown grass in the park area and 

unmown long grasses in the former sand pit site. Oak, cherry and pine trees ranging in 

height between two and three metres have been planted with regular spacing along the 

northern and eastern perimeters of Uplands Riverside Park. At the southern end of the 

site, adjacent to Hunt Club Road, is a long colony of Rhus typhina, a shade-intolerant 

pioneer of heavily disturbed sites and roadsides, an immature maple tree, a few pine trees 

and a Salix. 

 



 60 

In contrast to the upland area on the site, the lowland areas are very densely 

vegetated. The Riparian Wetland zone runs along the bottom land of the site in the 

Rideau River floodplain zone (see Figure 6) and rises almost imperceptively eastward to 

meet the Lowland Deciduous Forest zone. While these zones share tree species such as 

young and mature Acer saccharum, Acer rubrum, Populus tremuloides and Salix, 

sporadically interspersed with lone immature pine species, the density is much thicker in 

the Lowland Deciduous Forest Zone. In the Riparian Wetland zone, low, dense grasses 

are the predominant species where the deciduous forest thins out along the edge of the 

Rideau River. 

 

Figure 6. Aerial photo of study site showing the flood plain of the Rideau River. 

 

The Lowland Coniferous Forest zone is dominated by a stand of Eastern White Pine 

(Pinus strobus), which provide approximately 60% canopy cover at heights of 20 to 25 

metres. 
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The Riparian Slope zone has been heavily disturbed, is steeply sloped and is densely 

vegetated by shrub and immature tree species suited to these conditions, including Thuja 

occidentalis, Populus tremuloides and Pinus strobus. Rhus typhina grow abundantly on 

the eastern edge of the zone where it abuts the Upland Grass zone. 

 

Figure 7. Aerial photo of study site showing vegetation zones. 

 

ii Current Land Use 

The south-east portion of the study site (O1C GM1[108] in Figure 8) was previously 

used for granular material extraction activities (i.e. a sand pit) until its depletion in the 

1970s (Golder, 2009). Over subsequent years, between ten and fifteen metres of fill 

material was placed on the site to reclaim the land for development purposes. This 

portion of the site has been vacant for approximately three decades and is currently the 
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subject of a mixed-use development proposal containing two eight-storey office towers 

and two eight-storey residential towers for seniors. Vehicular access to this area of the 

site is from the east via Riverside Drive. An unpaved access road runs in an east-west 

direction towards the Rideau River where it curves to the north and terminates at a 

privately owned pump station. This pump station provides irrigation water to the Hunt 

Club golf course (Golder, 2009). 

 

Figure 8. Aerial photo of study site showing current City of Ottawa land use planning zones. 

 

The north-east section of the site is the location for Uplands Riverside Park, which 

contains a soccer field and a basketball court. Structures also include children’s 

playground equipment, park benches and tables, and washroom facilities. To the west and 

north west of Uplands Riverside Park and adjacent to the Rideau River is Riverwood 

Park (see Figure 9). Riverwood Park is in the densely wooded area of the site and 

contains ephemeral walking tracks. Pedestrian access to Riverwood Park is from the east 
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via a lane from Kimberwick Crescent. An unfenced stormwater retention pond is located 

immediately north of Riverwood Park. The site is bordered to the north-east of Uplands 

Riverside Park and to the east of Riverwood Park by an area of low and medium density 

housing.  

 

Figure 9. Aerial photo of study site showing current City of Ottawa park zones. 

 

The west and south-west sections of the site which abut the Rideau River are 

classified by the City of Ottawa as EP and EP3 zones respectively (Ottawa, 2012). An EP 

is an Environmental Protection zone where the designated uses are for environmental 

preserve, an education area, or forestry operation. The EP3 subzone makes provision for 

one detached dwelling or home-based business and one associated accessory building. 

There are no structures on these sections of the site. 
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4.2.1.2 Soils and Landforms 

The soils and landforms reflect the site’s former use as a sand pit. The land on the 

site slopes in an east-west direction from Riverside Drive down to the Rideau River and 

includes a clearly defined upland area and a lowland area (see Appendix B). 

 

The upland area consists of a higher elevation tableland. Previous filling of the 

disused sand pit has resulted in variation of the ground surface elevation in the upland 

area, ranging from 92 to 98 metres in the northern portion, and 88 to 98 metres in the 

southern portion. Engineered grading for Riverside and Hunt Club roads brings the 

elevation of the site up to 104 metres on the eastern edge and 100 metres on the southern 

edge of the upland area. There is a major swale alongside Hunt Club Road that drains the 

upland area runoff into the lowland area and Rideau River. The access road also acts as a 

broad swale and puddles of water were observed to have accumulated on this road in the 

month of October, and in March the entire length of the road was observed sheeted in ice. 

 

The lowland area runs north to south and separates the tableland from the Rideau 

River. The upland area is separated from the lowland area by moderate slopes, with the 

exception of the slopes that abut the south-west corner of the residential area, which are 

short and steep. The lowland area is separated from the Rideau River by variable slopes. 

At the southern portion of the site, the slopes along the Rideau River are steep, uneven, 

between eight and twelve metres in height and show signs of moderate to severe erosion 

(Golder, 2009). Minor rills that carry runoff from the upland area into the Rideau River 

also bisect these slopes. In contrast, the northern lowland area is a floodplain and the 

river edge slope is almost imperceptible. 

 

According to the geotechnical assessment by Golder (2009), the subsurface soils on 

the upland area consist of up to fifteen metres of miscellaneous fill underlain by native 

granular soils consisting of sand, and sand and gravel deposits, which are in turn 

underlain by glacial till. The underlying bedrock is mapped as sandstone or dolostone 

under the March and Oxford Formations, respectively (Golder, 2009). 
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The site falls within the Western Quebec Seismic Zone (WQSZ), as defined by the 

Geological Survey of Canada (Golder, 2009). The frequency of earthquake activity is 

significantly lower in the WQSZ than other seismically active areas of the world, but the 

risk still exists and intensities of earthquake events for this zone have been measured at 

magnitudes of 6.2 in 1935, 5.6 in 1944 and 5.0 in 2010 (Natural Resources Canada, 

2012). Golder Associates (2009) predicted slope failure in the southern portion of the site 

under seismic loading of less than 1.1. Therefore, a setback was proposed beyond which 

there is an acceptable factor of safety against slope failure. This setback is shown in 

Appendix B as the “Limit of Hazard Lands”. Federal, provincial and municipal 

guidelines and planning policies deem Hazard Lands as unsuitable for private 

development or development with publically-owned infrastructure. Permanent structures 

and infrastructure disallowed on Hazard Lands include buildings, walkways, bridges, 

roadways and parking (Golder, 2009) and, therefore, bicycle pathways. 

 

4.2.1.3 Microclimate 

Vegetation and ground cover were the major determinants of the microclimate 

locations selected for COMFACycle modelling (Figure 10), especially as the slope aspect 

and current and former land usage correlated to the vegetation zones (see Figure 7). 

Existing bicycle infrastructure on Riverside Drive and the City of Ottawa’s proposed 

bicycle route along the edge of the Rideau River determined the respective microclimate 

locations AR (asphalt paved arterial road) and RE (river edge). 
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Figure 10. Microclimate locations identified for COMFACycle modelling 

 

Solar Radiation 

The entire site generally slopes to the west, with the tableland in the upland area and 

the flood plain in the northern lowland area being the flattest areas of the site. Riverside 

Road slopes to the south while Hunt Club Road slopes to the west. The slopes that 

separate the upland area from the lowland area are well shaded by the coniferous forest 

and somewhat shaded by pioneer species on the southern river edge between 1600 and 

1800 hours. This dense vegetation also blocks the flow of cold air moving down from the 

upland area, creating frost pockets on these slopes in the colder months. 
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Wind 

Prevailing winds blow mainly in a westerly or easterly direction across the site in 

March, April, October and November, although westerly winds are more prevalent in 

March. In July, the prevailing wind direction is from the south-west. 

 

Noise & Air Pollution 

The eastern and southern portions of the uplands area are exposed to the most noise 

pollution as they abut major arterial roads. During the afternoon commute, the Riverside 

and Hunt Club intersection is very congested with over 12,800 motor vehicles passing 

through it (see Table 7), and, depending upon the type of traffic movement, is 

approaching or at capacity (FoTenn, 2008), as is the Hunt Club Bridge crossing and the 

adjacent intersection of Hunt Club Road and Prince of Wales Drive, to the south and west 

of the site, respectively. 

 

4.3 COMFACycle Modelling and Analysis 

4.3.1 COMFACycle Modelling of Existing Microclimate Conditions 

Figures 11 to 20 present the results of COMFACycle modelling of existing 

microclimate conditions by bicycling activity. Five locations, representing different 

microclimate zones in the site, were each modeled under overcast and sunny conditions at 

1600, 1700 and 1800 hours clock time in March, April, July, October and November. The 

microclimate zone is a deciduous forest in Location DF (Figures 11 & 12), a coniferous 

forest in Location CF (Figures 13 & 14), a river edge in Location RE (Figures 15 & 16), 

a grassy park in Location GP (Figures 17 & 18), and an asphalt paved arterial road in 

Location AR (Figures 19 & 20). In each figure, the month and time of day is shown on 

the horizontal axis, and the outdoor thermal comfort sensation of bicyclists, expressed as 

an output energy budget value, is shown on the vertical axis and plotted for each 

bicycling speed (16.0-19.2 km/h, 22.5-25.5 km/h, 25.6-30.4 km/h and standing). Each 

graph is overlaid on the vertical axis with colour-coded thermal zones that correlate to the 
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energy budget values relating to outdoor thermal comfort sensation (after Kenny et al., 

2009b): 

Table 9. Energy budget values relating to outdoor thermal comfort sensation with colour 
code. 

 

 

 

 

 

 

 

 

 

 

COMFACycle modelling results show that the type of activity (activity speed) has a 

much greater effect than microclimate conditions on bicyclists’ thermal comfort; the 

range of outdoor thermal comfort sensation across all four activities is noticeably tighter 

in the month of July, yet varies slightly by location; and variation in cloud coverage has 

very little impact on bicyclists’ thermal comfort between 1600 and 1800 hours.  

 

Activity speed 

In all five locations, a bicyclist travelling at a speed of 16.0-19.2 km/h is thermally 

comfortable (-20 to 150 W/m2) in both overcast and sunny conditions between 1600 and 

1800 hours in March, April, July, October and November, with one exception. In the 

grassy park (location GP) in sunny conditions (Figure 15) at 1600 hours in July, a 

bicyclist travelling at 16.0-19.2 km/h produced an output energy budget value of 160 and 

therefore “would prefer to be cooler”. 

 

Energy Budget (W/m2) Thermal Comfort Colour Code 

250 and above Would prefer to be much cooler Red 

150 to 250 Would prefer to be cooler Orange 

-20 to 150 Thermally comfortable Green 

-150 to -20 Would prefer to be warmer Blue 

-150 and below Would prefer to be much warmer N/A 
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A bicyclist travelling at a speed of 22.5-25.5 km/h “would prefer to be cooler” (150 

to 250 W/m2) in locations DF, RE, GP and AR at most times and in most conditions. In 

sunny conditions, however, the bicyclist energy budget rises to 262 W/m2 in location RE 

at 1600 hours in March and October and in location GP at 1600 hours in March, and the 

bicyclist therefore “would prefer to be much cooler”. In location DF, the bicyclist energy 

budget rises above 250 W/m2 between 1600 and 1800 hours in November and at 1600 

hours in October in both sunny and cloudy conditions, and at 1600 hours in March and 

April in sunny conditions. In contrast, a bicyclist is warmest in location CF and “would 

prefer to be much cooler” (above 250 W/m2) at all times and in all conditions, except in 

the month of July where the bicyclist energy budget values are in the 150 to 250 W/m2 

range in both sunny and cloudy conditions. 

 

A bicyclist travelling at a speed of 25.6-30.4 km/h produced the highest energy 

budget values of the four activities tested. With the exception of location GP in the 

month of November, a bicyclist produced energy budget values above 250 W/m2 in all 

locations, in both overcast and sunny conditions between 1600 and 1800 hours in March, 

April, October and November. In location GP in November, a bicyclist was slightly 

cooler (232 to 246 W/m2) between 1600 and 1800 hours in overcast conditions and 

between 1700 and 1800 hours in sunny conditions. In July, a bicyclist is also slightly 

cooler (228 to 247 W/m2) in all locations at 1700 and 1800 hours in overcast conditions 

and in locations DF, CF, GP and AR at 1800 hours in sunny conditions.  

 

A bicyclist standing still produced the lowest energy budget values of the four 

activities tested. In all five locations, a bicyclist standing still is thermally comfortable (-

20 to 150 W/m2) in both overcast and sunny conditions between 1600 and 1800 hours in 

the month of July. At all other times and in all conditions and locations, a bicyclist 

standing still “would prefer to be warmer” (-150 to -20 W/m2). 
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Range of thermal comfort sensation 

The range of thermal comfort sensation across all four activities in all five locations 

in both overcast and sunny conditions is tighter in July, the warmest month of the year, 

than March, April, October and November. For example, in the coniferous forest 

(location CF) between 1600 and 1800 hours in July (Figures 13 & 14), a bicyclist 

travelling at a speed of 25.6-30.4 km/h generates energy budget values 224 to 229 W/m2 

higher than a bicyclist standing still. In contrast, between 1600 and 1800 hours in 

October, a bicyclist travelling at a speed of 25.6-30.4 km/h generates a budget value 450 

W/m2 higher than a bicyclist standing still. The thermal comfort sensation range is also 

highest (371 to 375 W/m2) in October in location GP, and highest in November in 

locations DF (406 to 425 W/m2), RE (388 to 407 W/m2) and AR (388 to 407 W/m2). 

 

Variation in cloud coverage 

COMFACycle modelling revealed very small differences in thermal comfort 

sensation between bicyclist activity conducted in overcast conditions compared to 

bicyclist activity conducted in sunny conditions. In the forest locations (DF and CF), 

variation in cloud coverage had relatively small impacts (less than 20 W/m2) on energy 

budget levels at all times, with the exception of 1600 hours (42 W/m2) and 1700 hours 

(27 W/m2) in the month of April. Sunny conditions had a slight warming effect on 

thermal comfort, increasing energy budget levels beyond 20 W/m2 at: all times in April 

(22-67 W/m2) and July (29-63 W/m2) in locations GP and AR, and April (29-53 W/m2) 

in location RE; 1600 hours in March (45 W/m2) and October (33 W/m2) in locations GP 

and AR; and 1600 and 1700 hours in July (32-46 W/m2) and October (37-73 W/m2), and 

1600 hours in March (45 W/m2) in location RE. 
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Figure 11. Outdoor thermal comfort of bicyclists in Location DF – Deciduous Forest by 
Bicyclist Activity, Average Wind Speed, Overcast 
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Figure 12. Outdoor thermal comfort of bicyclists in Location DF – Deciduous Forest by 
Bicyclist Activity, Average Wind Speed, Sunny 
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Figure 13. Outdoor thermal comfort of bicyclists in Location CF – Coniferous Forest by 
Bicyclist Activity, Average Wind Speed, Overcast 
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Figure 14. Outdoor thermal comfort of bicyclists in Location CF – Coniferous Forest by 
Bicyclist Activity, Average Wind Speed, Sunny 
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Figure 15. Outdoor thermal comfort of bicyclists in Location RE – River Edge by Bicyclist 
Activity, Average Wind Speed, Overcast 
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Figure 16. Outdoor thermal comfort of bicyclists in Location RE – River Edge by Bicyclist 
Activity, Average Wind Speed, Sunny 
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Figure 17. Outdoor thermal comfort of bicyclists in Location GP – Grassy Park by Bicyclist 
Activity, Average Wind Speed, Overcast 
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Figure 18. Outdoor thermal comfort of bicyclists in Location GP – Grassy Park by Bicyclist 
Activity, Average Wind Speed, Sunny 
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Figure 19. Outdoor thermal comfort of bicyclists in Location AR – Asphalt Road by Bicyclist 
Activity, Average Wind Speed, Overcast 
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Figure 20. Outdoor thermal comfort of bicyclists in Location AR – Asphalt Road by Bicyclist 
Activity, Average Wind Speed, Sunny 
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4.3.2 Sensitivity Analysis 

A sensitivity analysis was modelled in COMFACycle to test the relative effect of 

wind, solar radiation and clothing ensembles on bicyclists’ thermal comfort. All four 

bicycling activities were modelled under sunny conditions at 1600 hours clock time on a 

typical day in July and March in an open grassy park (location GP). 

 

i. Wind  

Table 10 displays the relative effects on energy budget values caused by wind 

reduction due to windbreak (20% of full wind and 50% of full wind compared to 100% 

full wind). In July, a windbreak had a relatively small effect (less than 20 W/m2) on the 

thermal comfort sensation of bicyclists across all four activities. In March, which has the 

coldest average temperature of the months tested in this research, a reduction in the 

percentage of full wind from 100% to 0% increased energy budget values between 61 to 

74 W/m2 for moving cyclists, but only 14 W/m2 for a bicyclist standing still. 

Table 10. Relative effects on energy budget values caused by changes in the % of full wind 
under sunny conditions at 1600 hours clock time in July and March in location GP.  

 July March 
 Budget Values (W/m2) Budget Values (W/m2) 

 
16.0-19.2 

km/h 
22.5-25.5 

km/h 
25.6-30.4 

km/h Standing 
16.0-19.2 

km/h 
22.5-25.5 

km/h 
25.6-30.4 

km/h Standing 
Full Wind (%)               
20% 163 272 337 109 146 332 427 -7 
50% 162 271 337 100 118 300 393 -13 

100% 160 267 333 93 85 262 354 -21 
Range 3 5 4 16 61 70 74 14 

 

ii. Diffuse solar radiation  

Table 11 illustrates that the amount of diffuse solar radiation, expressed as a 

percentage of sky visible, also had a negligible effect on the thermal comfort sensation of 

bicyclists across all four activities in July. In March, however, energy budget values 
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increased by 31 W/m2 as the sky view factor decreased from 100% to 0% for all four 

activities.  

Table 11. Relative effects on energy budget values caused by changes in the % of sky visible 
under sunny conditions at 1600 hours clock time in July and March in location GP.  

 July March 
 Budget Values (W/m2) Budget Values (W/m2) 

 
16.0-19.2 

km/h 
22.5-25.5 

km/h 
25.6-30.4 

km/h Standing 
16.0-19.2 

km/h 
22.5-25.5 

km/h 
25.6-30.4 

km/h Standing 
Sky View Factor (% visible)             

0% 175 282 349 109 116 293 384 10 
50% 168 274 341 101 101 278 369 -6 

100% 160 267 333 93 85 262 354 -21 
Range 15 15 15 15 31 31 31 31 

 

iii. Direct solar radiation 

Shade from a solid structure has a small cooling effect on thermal comfort 

sensation across all four activities at 1600 hours and has a slightly greater cooling impact 

in July (82 W/m2) than in March (60 W/m2). A Norway maple has a similar cooling 

effect (74 W/m2) to the solid structure in July, but when denuded of leaves in March, its 

impact on direct solar radiation and consequently thermal comfort sensation is almost 

imperceptible (19 W/m2). 

Table 12. Relative effects on energy budget values caused by heavy shading under sunny 
conditions at 1600 hours clock time in July and March in location GP.  

 July March 
 Budget Values (W/m2) Budget Values (W/m2) 

 
16.0-19.2 

km/h 
22.5-25.5 

km/h 
25.6-30.4 

km/h 
Stan
ding 

16.0-19.2 
km/h 

22.5-25.5 
km/h 

25.6-30.4 
km/h Standing 

Direct Solar Radiation             
100% SVF 160 267 333 93 85 262 354 -21 

Norway Maple 86 193 260 19 66 243 334 -41 
Solid Structure 78 185 252 12 25 202 294 -81 

Range N.M. 74 74 73 74 19 19 19 19 
Range S.S. 82 82 81 81 60 60 60 60 
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iv. Clothing 

Table 13 displays the relative effects on energy budget values caused by three 

different sets of typical clothing ensembles for each month. In July, the amount of skin 

that each clothing ensemble covered and bicycling speed were directly related to the 

energy budget levels produced. Bicyclists wearing clothing ensemble B had energy 

budgets that were 15 to 58 W/m2 higher than bicyclists wearing ensemble A, who were 

coolest. Similarly, bicyclists wearing ensemble C were warmest, producing energy 

budgets 15 to 42 W/m2 higher than bicyclists wearing ensemble B. Yet changes in 

clothing ensembles had minimal effect on bicyclists standing still. In March, the wind-

blocking and insulating properties of the clothing ensembles were also directly related to 

energy budget values produced, but bicycling speed had less of a relative impact than it 

had in July. Bicyclists wearing clothing ensemble C were cooler by 45 to 57 W/m2 than 

bicyclists wearing ensemble B, who were in turn 48 to 59 W/m2 cooler than the warmest 

bicyclists outfitted in ensemble A. A thermally comfortable sensation was only achieved 

by a bicyclist travelling at 16.0-19.2 km/h in March in all clothing ensembles or standing 

still in July in all clothing ensembles. 

Table 13. Relative effects on energy budget values caused by changes in clothing ensembles 
under sunny conditions at 1600 hours clock time in July and March in location GP.  

 July March 
 Budget Values (W/m2) Budget Values (W/m2) 

 
16.0-19.2 

km/h 
22.5-25.5 

km/h 
25.6-30.4 

km/h Standing 
16.0-19.2 

km/h 
22.5-25.5 

km/h 
25.6-30.4 

km/h Standing 
Clothing Ensemble 

A 160 267 333 93 85 262 354 -21 
B 175 315 391 101 37 207 295 -50 
C 190 352 433 108 -8 153 238 -77 

Range 30 85 99 15 93 109 116 56 

A T-shirt, short pants, socks, running shoes  
Shirt, long pants, socks, shoes, sweater, wind-
breaker 

B T-shirt, long pants, socks, shoes or boots  Shirt, long pants, socks, shoes, sweater  
C T-shirt, long pants, socks, shoes, windbreaker  Shirt, long pants, socks, shoes, windbreaker  

 Light Colour Medium Colour 
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4.3.3 Exploratory sample 

COMFACycle modelling of bicycling activity during typical conditions in 

November and March revealed that bicyclists were either thermally comfortable at 16.0-

19.2 km/h or preferred to be cooler at higher speeds. Yet there is a dramatic decline in 

bicycling activity in Ottawa from December through to March, which is supported by the 

field observations (see Appendix F). Only two bicyclists were observed on Riverside 

Drive on two separate days in January between 1600 and 1800 hours, during which 

temperatures hovered between -4.6° C and -7.1° C. Goggles or a balaclava/face mask did 

not protect the faces of the observed bicyclists. No bicyclists were observed on the 

January day during which the temperature was below -20° C. This prompted an 

exploration of thermal comfort in extremely cold conditions to see if COMFACycle 

modelling correlated with the field observations, and to test the effects of wind chill on 

exposed skin. The modelling results are presented in Table 14 and indicate that a bicyclist 

travelling at speeds above 22.5 km/h and wearing seasonally appropriate clothing is 

thermally comfortable (core) in temperatures ranging from -6.6° C to -30° C. In contrast, 

a bicyclist travelling at 16.0-19.2 km/h or standing would prefer to be warmer to be much 

warmer. Further, modelling thermal comfort with no clothing at -30° C, to simulate the 

effect of wind chill on bare skin when the actual temperature is -20° C, indicates a 

dramatic drop in energy budget levels and gives an indication of the physical discomfort 

that could be felt by a bicyclist with exposed skin. With a wind chill temperature between 

-28° C and -39° C, there is a risk of frostbite occurring within 10 to 30 minutes 

(Environment Canada, 2012b). 

Table 14. Exploratory sample investigating the thermal comfort of bicyclists in extremely 
cold conditions. 

 January 
 Budget Values (W/m2) 

 
16.0-19.2 

km/h 
22.5-25.5 

km/h 
25.6-30.4 

km/h Standing 
Temperature oC         

(January average) -6.6 -37 134 223 -129 
-20 -118 44 129 -189 

     (-20 with windchill) -30 -175 -19 63 -233 
No clothing, -30 -645 -595 -557 -621 
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4.4 Summary 

The results of COMFACycle modelling of existing microclimate conditions 

demonstrate that bicycling activity is the dominant determinant of outdoor thermal 

comfort sensation in steady-state conditions during the late afternoon commute, and 

overwhelms the impact of microclimate components on a bicyclist’s energy budget. 

Moreover, and not surprisingly, bicycling speed correlates to output energy budget 

values. Secondly, bicyclists are thermally comfortable travelling at a speed of 16.0-19.2 

km/h in all but one tested scenario, would prefer to be cooler when travelling at higher 

speeds, and would prefer to be warmer in the colder months when standing at rest. 

Thirdly, the range of outdoor thermal sensation across all four activities is noticeably 

tighter in July, the warmest month of the year, yet varies slightly by location. 

 

The key finding from the sensitivity analysis is that wind, solar radiation and 

seasonally appropriate clothing ensembles are variously minor determinants of thermal 

comfort when compared against the impact of bicycling activity in location GP. 

 

The exploratory sample indicates how freezing temperatures in January cause 

cooling thermal discomforts to bicyclists standing at rest or travelling at a speed of 16.0-

19.2 km/h, while bicyclists travelling at higher speeds can generally maintain a thermally 

comfortable core sensation. However, a wind chill temperature of -30° C exposes bare 

skin to frostbite risk. COMFACycle modelling also highlights the increasing influence 

temperature and clothing have on thermal comfort as temperatures continue to fall below 

freezing, to the extent that at -30° C, they are the dominant determinants. 
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5.0 DISCUSSION 

The results of COMFACycle modelling presented in the previous chapter 

demonstrate that the most important determinants of a bicyclist’s thermal comfort in the 

Ottawa site are personal rather than environmental. Bicycling activity, which influences 

metabolic heat gains, combined with clothing, which affects all modes of heat exchange, 

overwhelmed the impact of microclimate components on a bicyclist’s energy budget. 

This chapter restates the key findings from COMFACycle modelling and presents a 

deeper analysis of how a bicyclist’s energy streams are affected by changes in activity 

speed, clothing ensembles, wind and solar radiation. The significance of the results is 

discussed within the context of the seasonality of bicycling activity in Ottawa and the 

effectiveness of design interventions to improve the thermal comfort of bicyclists in the 

colder months. Design implications arising from the results of COMFACycle modelling 

are explored, and the compatibility of microclimatic and bicycle pathway design 

principles are considered. An integrated set of principles for microclimatic bicycle 

pathway design is presented along with illustrative examples of their application to the 

study site. The discussion concludes with the identification of research limitations and 

recommendations for future research. 

 

5.1 Key Findings and Analysis 

5.1.1 Key Findings 

COMFACycle modelling revealed bicycling activity is the input variable that has 

the greatest impact on a bicyclist’s output energy budget in all tested scenarios of existing 

microclimatic conditions. Moreover, and not surprisingly, bicycling activity speed 

correlates to output energy budget values. Secondly, bicyclists are thermally comfortable 

travelling at a speed of 16.0-19.2 km/h in all but one tested scenario, would prefer to be 

cooler to much cooler when travelling at higher speeds, and would prefer to be warmer in 

the colder months when standing at rest. Thirdly, the range of outdoor thermal sensation 

across all four activities is noticeably tighter in July than in the colder months, yet varies 

slightly by location.  
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5.1.2 Energy Stream Analysis 

The COMFACycle model, which is based upon the human energy budget equation, 

is a simplified representation of the very complex and dynamic interaction of energy 

streams occurring in outdoor environments (Kenny, 2008). To augment the interpretation 

of modelling results, the COMFACycle interface has an analysis feature that tabulates the 

relative effects of input variables on energy stream components. Energy stream analysis 

demonstrated that an increase in bicycling speed on a level plane, which is a function of 

an increase in muscular effort and therefore metabolic activity, correlates to an increase 

in metabolic heat production to the extent that it becomes the dominant energy stream 

within the moving bicyclist’s energy budget equation in both the warmest (July) and 

coldest (March) months tested (see Tables 15 & 16). Modelling of existing microclimate 

conditions revealed that a bicyclist’s energy budget is most balanced and thermal comfort 

is maintained when travelling at an activity speed of 16.0-19.2 km/h, which has a 

corresponding metabolic heat gain range of 300-320 W/m2, in all tested scenarios except 

at 1600 hours in July in Location GP under sunny conditions (Table 15) where the output 

energy budget value is 160 W/m2. In March and July at 1600 hours, metabolic heat (MH) 

produced by a bicyclist travelling at 25.6-30.4 km/h is respectively 500 W/m2 and 534 

W/m2 greater than a bicyclist at rest, overwhelms the impacts of radiation exchanges (15 

W/m2 and 1 W/m2), convection (67 W/m2 and 117 W/m2), and evaporation (43 W/m2 and 

175 W/m2), and has the greatest influence on a bicyclist’s thermal sensation of heat 

discomfort.  

 

The range of thermal comfort sensation across all four bicycling activities in all five 

locations in both overcast and sunny conditions is tighter in July than the colder months 

of March, April, October and November, yet varies slightly by location. As impacts of 

energy exchanges greater than 100 W/m2 in an outdoor environment are enough to alter 

thermal comfort sensation (see Table 9), the seasonal difference in range is significant. 

For example, in location CF in sunny conditions the range across all four activities at 

1800 hours in October is 226 W/m2 more than the same time in July (Figure 14). 

However, the range of 135 W/m2 between March and July at 1600 hours (Tables 15 & 

16) is indicative for energy stream analysis. 
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Table 15. Impact of bicycling activity speeds on energy streams under sunny conditions at 
1600 hours clock time in March in location GP. Prevailing wind direction is perpendicular to 
the bicyclist. 

   COMFACycle Energy Budget Equation 
   Input values 

(+) 
W/m2 

Output values  
(-) 

W/m2 

Budget 
(=) 

W/m2 
Activity CR 

s/m 
MR 

W/m2 
MH Rrt C E L B 

At Rest 250 116 100 278 127 19 253 -21 
16.0-19.2 km/h 158 349 300 278 177 52 264 85 
    increase in W/m2 -92 233 200  50 33 11 106 
22.5-25.5 km/h 158 581 499 278 189 59 267 262 
    increase in W/m2 - 232 199  12 7 3 177 
25.6-30.4 km/h 158 698 600 278 194 62 268 354 
    increase in W/m2 - 117 101  5 3 1 92 
Range -92 582 500  67 43 15 375 

 
CR = clothing resistance (seconds per metre), MR = metabolic rate, MH = metabolic heat 
production, Rrt = radiation absorbed, C = convection, E = evaporation, L = long-wave 
radiation emitted, B = Output Energy Budget. 
 

 

COMFACycle modelling revealed the main impact on thermal sensation range 

between the warm and cold seasons occurred when a bicyclist was standing at rest, 

preferring to be warmer in the colder months, while remaining thermally comfortable in 

July. Output energy budgets for bicyclists standing at rest were generally 100 W/m2 

higher in July than the colder months in locations DF, CF, GP and AR in both sunny and 

overcast conditions. There was a similar trend in location RE, but with more variation 

that will be explained later. Energy stream analysis shows that metabolic heat gains are 

fairly consistent in March and July (Tables 15 & 16) as they are dependent on a set 

metabolic rate for each level of bicycling activity (Ainsworth et al., 2000). Warmer air 

and landscape surface temperatures influence the slightly higher rates of metabolic heat 

in July. Therefore an investigation of the other energy stream components, being 

evaporation, radiation exchanges and convection, is required to understand the difference 

in the range of thermal comfort sensation between seasons. 
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Table 16. Impact of bicycling activity speeds on energy streams under sunny conditions at 
1600 hours clock time in July in location GP. Bicyclist is moving against the prevailing wind. 

   COMFACycle Energy Budget Equation 
   Input values 

(+) 
W/m2 

Output values  
(-) 

W/m2 

Budget 
(=) 

W/m2 
Activity CR MR MH Rrt C E L B 
At Rest 50 116 106 417 64 22 344 93 
16.0-19.2 km/h 32 349 320 417 121 111 344 160 
    increase in W/m2 -18 233 214  57 33  67 
22.5-25.5 km/h 32 581 533 417 160 178 345 267 
    increase in W/m2  232 213  39 67 1 107 
25.6-30.4 km/h 32 698 640 417 181 197 345 333 
    increase in W/m2  117 107  21 19  66 
Range -18 582 534  117 175 1 240 

 
CR = clothing resistance, MR = metabolic rate, MH = metabolic heat production,  
Rrt = radiation absorbed, C = convection, E = evaporation, L = long-wave radiation 
emitted, B = Output Energy Budget. 
 

 

Energy lost through evaporation occurs via respiration from the lungs and sensible 

and insensible perspiration on the skin (Brown & Gillespie, 1995), and is affected by 

metabolic rate, air temperature, humidity, air velocity (Givoni, 1998), and clothing 

resistance (Kenny et al., 2009b). Evaporative heat losses are minimal for a bicyclist 

standing at rest in both March (19 W/m2) and July (22 W/m2). However, as the metabolic 

rate increases with activity speed, evaporative heat losses are greater in July (197 W/m2) 

than in March (62 W/m2) travelling at 25.6-30.4 km/h. This can be explained by the 

differing contextual, site-specific and participant data input variables that reflected the 

typical scenarios for each month. The ambient air temperature input variables at 1600 

hours are 2 oC in March and 26 oC in July, while humidity is approximately 51% in both 

months. The thermal resistance of the clothing ensembles are higher for March, due to 

multiple layering of a long-sleeve shirt, sweater, windbreaker and long pants, than for 

July during which a bicyclist exposes more bare skin in a T-shirt and shorts ensemble. 

Monthly prevailing wind directions have bicyclists travelling into the wind in July, 

adding to the air velocity already created by activity speed, and perpendicular to the wind 

in March, which does not create added air velocity. The comparatively lower evaporative 
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heat losses in March are likely to be influenced by the low temperature of the air, which 

with its high water vapour content inhibits the evaporation of perspiration (Brown & 

Gillespie, 1995), combined with higher clothing resistance, which creates air and vapour 

exchange barriers. In July, less clothing with lower resistance combined with increased 

wind velocity from bicycling into the wind allows evaporative perspiration from a larger 

surface of bare skin on the arms and legs of a bicyclist, and a higher air temperature 

encourages evaporative respiration and perspiration losses due to less water vapour held 

in the air. 

 

Radiation exchanges in the human energy budget are effected by solar and terrestrial 

radiation absorbed less terrestrial radiation emitted. Radiation can be reflected, absorbed 

and transmitted, the latter most effectively in the landscape by trees and water (Brown & 

Gillespie, 1995). Solar radiation is only detectable during daylight, while terrestrial 

radiation exchanges occur during the day and night. Furthermore, while radiation emitted 

from the sun is consistent throughout the year, seasonal changes in the altitude angle of 

the sun affect the amount of radiant energy reaching objects on the earth. In Winter, 

lower sun angles occur as the earth’s axis is tilted away from the sun, and this has the 

effect of dispersing radiant energy over a wider area of the earth and weakening the 

amount of energy available for the human energy budget. Air temperature also affects 

and correlates to terrestrial radiation emissions and sky emissivities (Brown & Gillespie, 

1995). The energy stream analysis illustrates that radiation gains and losses are 

considerably less at 1600 hours in March than July. A low sun altitude angle of 18.6 

degrees and an air temperature of 2 oC influenced a net radiation gain of 10-25 W/m2 in 

March. This is compared to net radiation gains of 72-73 W/m2 in July where the sun 

altitude angle is higher at 46.7 degrees and the temperature is warmer at 26 oC. However, 

radiation exchanges are complex and there is another influence to consider. 

 

Terrestrial radiation is very efficiently absorbed and the human body will absorb 

most of what it receives (Brown & Gillespie, 1995). Solar radiation is not as efficiently 

absorbed by people and objects in the landscape, and the albedos, or reflectivity, of the 

surfaces it strikes can significantly affect the amount of radiation energy absorbed 
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(Brown & Gillespie, 1995). However, clothing albedos had very little impact on radiation 

exchanges in all the months tested due to low sun angles and, in the colder months, 

diminished daylight (sunset occurred before 1700 hours in November, and by 1800 hours 

in March and October). For this reason, the influences of ground cover albedos on a 

bicyclist’s energy budget were also minimal. While old snow in location GP in March 

has a higher albedo (40-70%) and lower emissivity (82%) than grass (20-30%/ 90-95%) 

in July (Brown & Gillespie, 1995), influences on radiation exchanges are very slight 

compared to sun altitude angles and air temperature.  

 

However, COMFACycle modelling did reveal the impact of water albedos in April 

and July in location RE by the edge of the Rideau River. Variations in sun angles, 

particularly in sunny conditions (see Figure 16), caused fluctuations in the albedo of the 

Rideau River surface that influenced output energy budgets even if the impact on thermal 

comfort sensation was minimal. The albedo of water changes from 5% at a high sun 

angle to 95% at a low sun angle (Brown & Gillespie, 1995), which occurred between 

1700 and 1800 hours in April. Further, water and asphalt (location AR), which has an 

albedo of 5-15% (Brown & Gillespie, 1995), have the ability to efficiently absorb and 

store solar radiant energy, and then release it as terrestrial radiation into the night, which 

influenced the slight thermal heat gains across all four activities in location RE (Figure 

16) and AR (Figures 19 & 20) at 1800 hours. 

 

Convective energy losses occur when moving air carries heat away from a bicyclist. 

Convection is dependent on air velocity and the difference between the temperature of air 

and the surface of a person (Brown & Gillespie, 1995). Energy stream analysis revealed 

that despite the differences in air temperature, clothing resistance and wind direction, 

convection heat losses were much more closely aligned between March and July than 

radiation exchanges and evaporation heat losses. Air temperature was a stronger 

influence on convection than air velocity in March, and convection heat losses had more 

impact than evaporation losses on the overall energy budget. Air velocity was the 

stronger influence in July, as bicyclists were modeled riding into a head wind, while 

convection and evaporation heat losses had similar impacts on the overall energy budget. 
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Colder air temperatures in March resulted in greater convection heat losses for a bicyclist 

at rest (127 W/m2) and travelling at 16.0-19.2 km/h (177 W/m2) than in July (64 W/m2 

and 121 W/m2 respectively). 

 

In summary, metabolic heat gains are clearly the dominant energy stream in the 

moving bicyclist’s energy budget equation. Low sun elevation angles, low air 

temperature and the typical clothing ensembles affected the higher range of thermal 

comfort sensation across all four activities in the colder months. Low radiation gains, low 

net radiation exchange gains and higher convection heat losses resulted in a bicyclist at 

rest preferring to be warmer. At speeds above 22.5 km/h, greater heat storage and thermal 

discomforts occurred, despite less heat gains than in July, due to inadequate evaporation 

losses that were a function of the thermal resistance of clothing and low air temperature. 

In July, higher sun elevation angles and higher temperatures during the afternoon 

commute effected higher metabolic heat gains and radiant heat gains (Rrt – L) and 

reduced convection losses so that bicyclists at rest and travelling at 16.0-19.2 km/h were 

thermally comfortable. Less thermal resistance in the Summer clothing ensemble allowed 

evaporation losses to be more impactful in July than March on the moving bicyclist’s 

energy budget.  

 

5.1.3 Sensitivity Analysis 

The idea of designing thermally comfortable environments for bicyclists in a cold 

climate to extend the bicycling season underpinned the goal of this research. Therefore it 

was important to model the relative affects of wind and solar radiation on a bicyclist’s 

energy budget as these two microclimate components can strongly affect thermal comfort 

and be effectively modified by landscape design (Brown & Gillespie, 1995). Results 

from the sensitivity analysis aligned with microclimatic design principles demonstrating 

that wind modifications have greater impact in colder months on a bicyclist’s energy 

budget and modification of direct solar radiation has greater influence in summer. 
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i. Wind  

In July, the effects on energy budget values caused by a reduction to typical wind 

speeds due to windbreak had a relatively small effect (less than 20 W/m2) on the thermal 

comfort sensation of bicyclists across all four activities (Table 10). However, wind 

modifications had more influence in March, which has the largest average temperature 

differential between the air and a bicyclist (thereby increasing convective heat losses) in 

the months tested in this research. A reduction in the percentage of full wind from 100% 

to 20% increased energy budget values between 61-74 W/m2 for moving bicyclists, but 

only 14 W/m2 for a bicyclist standing at rest. Design modifications that provide 

protection from wind and increase energy heat gains are therefore not recommended in 

the colder months for moving bicyclists who have achieved a steady-state metabolic rate, 

as a bicyclist travelling in typical conditions is already thermally comfortable at 16.0-19.2 

km/h and would prefer to be cooler travelling at higher speeds (Table 10). Results of 

COMFACycle modelling in location CF (Figure 14) under sunny conditions further 

support this recommendation as the coniferous forest reduced full wind speed by 72% 

thereby decreasing convective heat losses in the colder months and affecting higher 

energy budget outputs in moving bicyclists than those produced in open locations with 

100% full wind (locations RE, GP & AR). However, microclimate modification is 

relevant to the bicyclist standing at rest especially when considering a bicycling trip in its 

entirety within the context of variable urban form. By providing maximum wind 

protection where a bicyclist is likely to pause, commence or end a trip, and allowing full 

wind speed where steady-state activity is expected, the range of energy budget values can 

be tighter (-7 to 354 W/m2=361 W/m2) throughout the trip than scenarios where the 

percentage of full wind speed does not vary (434 W/m2 at 20%, 406 W/m2 at 50%, 375 

W/m2 at 100%). Furthermore, the bicyclist at rest will feel thermally comfortable (-7 

W/m2). 

 

ii. Diffuse solar radiation  

The sensitivity analysis revealed that the amount of diffuse solar radiation (Table 

10), expressed as a percentage of sky visible, had a very small effect on the thermal 
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comfort sensation of bicyclists across all four activities at 1600 hours in July (15 W/m2) 

in location GP. In March, by comparison, energy budget values increased only slightly 

more (31 W/m2) as the sky view factor decreased from 100% to 0% for all four activities.  

 

Additionally, COMFACycle modelling of existing conditions revealed variation in 

cloud coverage between 1600 and 1800 hours also has a relatively small impact on 

thermal comfort sensation, with slight variation between locations. Sunny conditions 

generally have a slight warming effect (20-73 W/m2) on thermal comfort in the months of 

July, April and October in locations with 100% of sky visible (RE, GP and AR) and 

impacts are greater at 1600 hours due to a higher sun elevation angle. A lack of daylight 

beyond approximately 1600 hours in November and approximately 1700 hours in March 

and October explains the negligible effect of cloud variation on thermal comfort 

sensation during these times. The combination of reduced sky visibility (70% SVF) with 

low sun elevation angles between 1600 and 1800 hours effectively neutralized the impact 

of diffuse solar radiation in the deciduous (location DF) and coniferous forests (location 

CF). 

 

iii. Direct solar radiation  

The sensitivity analysis on direct solar radiation (Table 11) revealed shade from a 

solid structure has a small cooling effect on thermal comfort sensation across all four 

activities at 1600 hours and has a slightly greater cooling impact in July (82 W/m2) than 

in March (60 W/m2). A Norway maple has a similar cooling effect (74 W/m2) to the solid 

structure in July, but when denuded of leaves in March, its impact on direct solar 

radiation and consequently thermal comfort sensation is almost imperceptible (19 W/m2). 

Therefore, if the design priority is to provide protection from direct solar radiation in 

warmer seasons in the form of deciduous trees, there would not be a detrimental impact 

on the thermal comfort of bicyclists across all four activities during the afternoon 

commuting period in colder months. 
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iv. Clothing  

Clothing affects all modes of heat exchange (Givoni, 1998), and energy stream 

analysis highlighted the influence of clothing on convective heat fluxes and evaporation 

during the afternoon commuting period. However, the sensitivity analysis (Table 12) 

demonstrated that reasonable modifications to typical seasonally appropriate clothing 

ensembles, which were confirmed by field observations, had minor impacts on thermal 

comfort sensation relative to bicycle activity speed. In July, increasing clothing coverage 

on the legs from shorts (ensemble A) to long pants (ensemble B) had minimal effect on a 

bicyclist standing at rest (7 W/m2) or travelling at 16-0-19.2 km/h (15 W/m2) in location 

GP. The addition of a windbreaker (ensemble C) to ensemble B produced the same 

increase in energy heat gains at these activity levels, but more importantly, the bicyclist 

travelling at 16.0-19.2km/h produced an output energy budget of 190 W/m2 and would 

prefer to be cooler. Therefore, the ability of a bicyclist to maintain a thermally 

comfortable sensation at 16.0-19.2km/h is also dependent on personal clothing choice. 

Increasing clothing thermal resistance had greater impact at higher activity speeds in 

July. Ensemble C produced energy heat gains 85 W/m2 higher travelling at 22.5-25.5 

km/h and 99 W/m2 higher travelling at 25.6-30.4 km/h than Ensemble A. 

 

In March, three sets of seasonably appropriate clothing ensembles were tested. The 

thermal resistance of the clothing ensembles correlated to output energy budget values, 

but bicycling activity had less of a relative impact than it had in July. Moving bicyclists 

wearing clothing ensemble C were cooler by 45-57 W/m2 than bicyclists wearing 

ensemble B, who were in turn 48-59 W/m2 cooler than the warmest bicyclists outfitted in 

ensemble A. Ensemble C (shirt, long pants, socks, shoes, windbreaker), which had the 

least thermal resistance, was the most thermally comfortable choice for moving 

bicyclists, but was the most inappropriate ensemble for a bicyclist standing at rest (-77 

W/m2). 
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5.1.4 Exploratory Sample 

Results from the exploratory sample, which modeled all four bicycling activities at 

1600 hours in January in overcast conditions, reveal the potential for temperature to 

become the dominant environmental determinant and clothing to become the dominant 

behavioural determinant of outdoor thermal comfort sensation when freezing daily 

average temperatures prevail. COMFACycle modelling revealed bicyclists travelling at 

speeds above 22.5 km/h and wearing seasonally appropriate clothing (shirt, long pants, 

sweater, windbreaker, shoes and socks) and a helmet (no cover or skull cap) maintained a 

thermally comfortable core sensation in freezing air temperatures down to -30˚C. This 

was an unexpected finding given the dramatic decline in bicycling activity in Ottawa 

between December and March. Even a bicyclist travelling at 16.0-19.2 km/h in the 

average January air temperature (-6.6˚C) produced an output energy budget value of -37 

W/m2, which is only slightly below the thermally comfortable sensation threshold of -20 

W/m2, and draws a parallel with the field observations of two male bicyclists travelling on 

Riverside Road in temperatures between -4.6˚C and -7.1˚C. However at -20˚C, which 

with wind chill feels like -30˚C, a bicyclist travelling at 16.0-19.2 km/h would prefer to 

be much warmer (-175 W/m2) and this was also reflected in the field observations by the 

absence of bicyclists on the January day with a similar air temperature. Significantly, a 

bicyclist standing at rest experienced dramatic thermal cold discomforts at all 

temperatures in January, ranging from -129 W/m2 on a day with the monthly average 

daily temperature of -6.6˚C, to -233 W/m2 at -30˚C.  

 

It is important to note that the COMFACycle model calculates the energy budget of 

the bicyclist’s core and is a representation of generalized thermal sensation. One of 

COMFACycle’s limitations, and a limitation of outdoor thermal comfort modelling in 

general, is its inability to assess localized cold discomforts, such as the effect of wind on 

exposed skin and body extremities such as the nose, eyes, ears, fingers and feet. The 

exploratory sample was also an attempt to simulate the effect of wind chill on bare skin 

by using the input variable of “no clothing” at a temperature of -30˚C. The output energy 

budget values produced were startling and close in range across all four activities (-557 

W/m2 to -645 W/m2). The COMFA model has not been field tested in freezing 
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temperatures and the results appear inelegant. However, the results are important and 

indicative not only of the extreme physical discomfort that may be felt by a bicyclist with 

exposed skin, but also how extremely cold conditions can overwhelm the influence of 

activity on thermal comfort sensation, particularly when clothing ensembles have 

inadequate insulating properties. Therefore, as air temperature drops below freezing, 

there is an increasing requirement for appropriate clothing choices to achieve thermal 

comfort while bicycling in an outdoor environment. 

 

5.2 Seasonality of Bicycling Activity and Thermal Comfort 

The practical application of COMFACycle modelling to simulate the thermal 

comfort of users bicycling through an Ottawa site during the afternoon commuting period 

permitted greater understanding of the relationship between the microclimate and 

bicycling activity. Results revealed that bicyclists can maintain a thermally comfortable 

sensation travelling at a steady-state speed of 16.0-19.2 km/h on a level plane, outfitted in 

seasonally appropriate clothing ensembles throughout the typical Ottawa bicycling 

season and into the colder months of March and November. Further analysis confirmed 

that activity speed and clothing choices are behavioural determinants that strongly 

influence the thermal comfort of bicyclists. As expected, air temperature also had a 

strong effect on thermal comfort and was the dominant determinant in extremely cold 

(freezing) conditions. However, air temperature cannot be effectively modified by 

landscape design. In contrast, design modifications to the microclimate components of 

wind and solar radiation had relatively small impacts on bicyclists’ thermal comfort in 

July and March due to the time of day parameter. While there was some variation in 

thermal comfort sensation between existing microclimate locations, the overall influence 

of microclimate components on appropriately clothed, moving bicyclists was relatively 

weak. Microclimate had greater relative influence on a bicyclist with a low metabolic 

rate, which has landscape design implications where a bicyclist is expected to stop, 

commence or end a trip. 

 



 98 

This research study sought to understand why the Ottawa bicycling season 

effectively ended in October and commenced in April and it was assumed that if there 

were deterrents, they would be cold thermal discomforts. It was therefore surprising that 

COMFACycle modelling revealed bicyclists were likely to feel too warm when travelling 

at speeds above 22.5 km/h in the shoulder months of October to November and March to 

April, even if they felt too cool when standing at rest. Modelling results revealed a 

greater range of output energy budget values across all four bicycling activities in the 

colder months, and greater heat storage in moving bicyclists, which also highlighted the 

increasing influence and complicating effect of clothing choices on thermoregulation for 

bicyclists in an urban environment. The balance between metabolic heat gains and heat 

losses through radiation and convection determines the rate of sweating (Givoni, 1998), 

and the thermal resistance of clothing affects convective heat fluxes and the efficiency of 

evaporative heat losses. It would therefore be expected from the energy stream analysis 

that a bicyclist travelling in March at steady-state speeds above 22.5 km/h with an output 

energy budget above 250 W/m2 and evaporation losses of only 60 W/m2 would be 

experiencing sweat and thermal heat discomforts, as moisture on the skin surface is 

contained within the clothing by its vapour resistance. 

 

The COMFACycle model simulates the thermal comfort sensation of bicyclists 

exercising at a steady-state, but this doesn’t accurately represent the reality of bicycling 

in an urban environment. Variations in topography and the rolling resistance of 

infrastructure surfaces, traffic controlling mechanisms and distances between origins and 

destinations all affect bicycle activity speed, physical effort and momentum, which affect 

metabolic rates and heat production. Variable rates of exercise were shown by Mora-

Rodriguez et al. (2008) (as cited in Vanos et al., 2010) to increase thermoregulatory, 

cardiovascular and metabolic stresses, resulting in larger heat storage in comparison to 

exercising at a steady-state. It is reasonable to postulate, given the range of output energy 

budget values across all four bicycling activities, combined with the increased thermal 

resistance of clothing, that travelling at variable speeds and experiencing interruptions to 

momentum would further increase thermal heat discomforts and sweat rates during colder 

months. So microclimate becomes more relevant when user thermal comfort is 
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considered at and between origins and destinations, as design modifications can 

positively influence thermoregulation by encouraging 100% full wind speed to cool a 

moving bicyclist and creating an 80% reduction in full wind to warm a bicyclist standing 

at rest. 

 

Thermal comfort modelling research has also revealed that the transition from a 

state of rest to a constant metabolic activity rate while exercising takes 10-20 minutes to 

achieve (Vanos et al., 2010). A bicyclist at rest, which is the assumed state upon leaving a 

building (origin) to commence a bicycling trip, would prefer to be warmer in most tested 

conditions in March, April, October and November, so the requirement and time to 

“warm up” to a thermally comfortable state and the added complexity of choosing 

clothing for variable exercise, may also be physiological and psychological cold season 

limitations.  

 

It is difficult to conclusively identify the cold season limitations on bicycling 

activity from COMFACycle modelling and analysis, but they are likely to be an 

interrelated combination of microclimate, thermal discomforts, and cold climate 

discomforts described in the literature (Pucher & Buehler, 2005; Winters et al., 2007), 

such as freezing temperatures (which do affect thermal comfort), snow precipitation, 

accumulation of snow and ice on the ground (which can be affected by microclimate), 

and reduced daylight hours.  

 

5.3 Design Implications 

Landscape design solutions that address the metabolic rate and heat production of 

moving bicyclists will be much more effective at improving or maintaining their thermal 

comfort than modifying the microclimate of the Ottawa site. Yet consideration of 

microclimate has important implications for a bicyclist standing at rest and for 

thermoregulation throughout the entirety of a bicycling journey. Further, a bioclimatic  
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approach to bicycle pathway design that recognizes user exposure to weather and climate 

effects can help to alleviate cold season limitations and extend the Ottawa bicycling sea-

son into November and March. 

 

5.3.1 Thermal Comfort 

The dominant determinants of thermal comfort within the design parameters of this 

research are activity speed and clothing ensembles, which are ultimately affected by the 

behavioural choices of the bicyclist. Landscape design cannot directly affect clothing 

choices, although thermal perceptions of an outdoor environment, which can be 

influenced by design, are likely to be integral to the decision-making process (Thorsson, 

Lindqvist, & Lindqvist, 2004). Similarly, landscape design cannot control the activity 

speed or muscular effort of a bicyclist. However, design interventions that are compatible 

with bicycle pathway design principles can effectively create an outdoor environment 

that encourages a thermally comfortable activity speed. 

 

The thermal comfort of bicyclists travelling through the Ottawa site from March 

through to November is dependent upon maintaining a constant metabolic rate at a 

steady-state activity speed of 16-19.2 km/h, which is coincidentally the most comfortable 

speed for bicyclists in terms of physical and mental stressability (Ploeger, 2003), while 

16 km/h is the average travelling speed of bicyclists in Copenhagen where 68% of the 

population ride their bicycles at least once per week (Copenhagen, 2010). Implications 

for the design of a thermally comfortable pathway include:  

• An adherence to technical design standards that encourage a speed of 16-

19.2 km/h and discourage higher speeds without compromising safety. 

• Provide a smooth, even surface on level topography to minimize rolling 

resistance and the requirement for extra muscular effort. 

• Minimize interruptions to momentum to maintain kinetic energy and a 

constant metabolic rate. 

• Provide direct connections between origins and destinations that can be 

travelled within ten to thirty minutes at a speed of 16-19.2 km/h. 
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A design approach that addresses the thermal comfort of bicyclists is also 

compatible with the CROW design principles for bicycle infrastructure outlined in the 

literature review (Ploeger, 2003) due to a mutual recognition of the fundamental principle 

of riding a bicycle – it requires muscular effort, and therefore consideration of the design 

principles of minimizing energy losses from resistance, and acknowledging the physical 

limits to workload. A bicyclist can also maintain stability by light steering and body 

movements at a thermally comfortable design speed of 16-19.2 km/h (Ploeger, 2003). 

Furthermore, the design implications for thermally comfortable bicycle infrastructure are 

in alignment with prior research investigating influences on bicycle use. Flat topography 

generally facilitates bicycling (Parkin et al., 2007; Parkin et al., 2008; Pucher et al., 2011; 

Rietveld & Daniel, 2004; Rodrııguez & Joob, 2004), while uneven surfaces covered in 

debris (Bergström & Magnusson, 2003; Winters et al., 2010), frequent interruptions to 

momentum (Rietveld & Daniel, 2004) and long trip distances (Bergström & Magnusson, 

2003; Heinen et al., 2010; Stinson & Bhat, 2004b) are significant deterrents to bicycling. 

 

Consideration of microclimate throughout the entirety of a proposed bicycling route 

can guide the location of design modifications aimed at reducing the range of core 

thermal comfort sensation during the late afternoon in colder months. There are different 

design implications for locations where bicyclists are expected to be pedaling at a steady-

state and standing at rest (see Appendix E for illustrative examples): 

• Encourage 100% full wind to provide a cooling effect in locations where 

bicyclists are likely to be maintaining a steady-state of pedaling activity. 

• Provide windbreaks (20% of full wind) for a warming effect in 

microclimates where a bicyclist is likely to be standing at rest, such as origin 

and destination points, at traffic control signals or where it is precautious to 

do so. 

 

5.3.2 Cold Climate and Weather Effects 

Cold climate discomforts that influence the dramatic seasonal decline in bicycling 

activity in Ottawa can be mitigated through the consideration and application of 
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microclimatic and climate-responsive design principles. This bioclimatic approach to 

bicycle infrastructure design recognizes the design principle that bicyclists ride in an 

outdoor environment and therefore have a requirement for shelter from weather effects 

(Ploeger, 2003). Design solutions that minimize outdoor discomforts and maintain the 

aesthetic, experiential and climate advantages of the outdoor environment can also 

capture an inclusive combination of bicycle user design criteria. Design implications for 

alleviating cold climate limitations and increasing the usability of a bicycle pathway in 

colder months include: 

• Provide illumination during the non-daylight hours of the afternoon com-

muting period to increase the sense of user security. 

• Keep pathways clear of snow and ice accumulation to maintain traction, 

stability and safety.  

• Provide shelter from rain and snow precipitation. 

 

An aesthetically pleasing route that provides clarity and coherence is also a 

motivating influence on bicycle use (Winters et al., 2010) and has particular importance 

during colder months in Ottawa. The introduction of colour and texture in an outdoor 

environment can help to alleviate the perceptual and sensory monotony of a grey, 

dormant landscape with its decayed vegetation and reduced variety of colours, sounds 

and smells (Pressman, 1995). An aesthetically pleasing route that reflects an objective to 

increase sensory and visual stimuli may also reduce the urgency of a bicycling trip and 

influence a bicyclist to pedal at a thermally comfortable speed. 

 

Finally, a major objective of microclimatic design is to minimize the penetration 

and speed of wind in cold seasons (Brown & Gillespie, 1995; Givoni, 1998). Yet design 

implications for wind modification are not straightforward in this research or, in the case 

of bicyclists travelling above 22.5 km/h, compatible with this principle. COMFACycle 

modelling revealed bicyclists were slightly more thermally comfortable travelling 

through microclimate locations with 100% full wind speed than in the coniferous and 

deciduous forests, where a reduction in air velocity resulted in increased heat storage. 

Wind modification had a small impact on the thermal comfort of moving bicyclists in the 
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colder months, and an almost negligible effect on a bicyclist standing at rest. Yet, as 

previously discussed, thoughtful placement of wind modifications throughout the length 

of a bicycling route can positively influence user thermoregulation. A limitation of the 

COMFACycle model is that it cannot predict localized thermal sensation of bare skin or 

body extremities and therefore its ability to simulate wind chill effects in cold 

temperatures was inconclusive. While 100% full wind provides a positive cooling effect 

on the core thermal sensation of moving bicyclists, it is possible that it is superseded by 

the discomforting sensation of wind chill on exposed skin. This would create a priority 

for wind protection throughout the entire bicycling route in colder months, and it is 

recommended that the validity of this contention be supported by future research. 

Modification of wind can also be very effective at manipulating the placement of snow, 

and has important implications for reducing snow and ice accumulation on a bicycle 

pathway. Whether full wind is encouraged to remove snow or a windbreak is used to 

deposit snow beyond the pathway, the greater impact on a moving bicyclist would be the 

alleviation of cold climate discomforts rather than core thermal discomforts. 

 

5.3.3 Site Considerations 

The primary design priority is to improve the thermal comfort of bicyclists and the 

secondary yet complimentary design priority is to mitigate cold climate discomforts. The 

placement and design of a bicycle pathway on the Ottawa site must therefore consider the 

site features that present opportunities and barriers to meeting these priorities. 

 

The thermal comfort of bicyclists is primarily dependent on the topographical 

features of the site, as a level surface is the essential requirement to achieving a steady-

state activity speed and constant metabolic rate, and to minimize rolling resistance and 

interruptions to momentum. The orientation of the pathway was pre-determined by the 

site selection criteria for COMFACycle modelling as the topography had to be flat in the 

direction of expected travel to simulate the steady-state bicycling activity upon which the 

COMFACycle model was developed. The expected travel direction was based on 

opportunities to connect existing and proposed bicycling infrastructure outlined in the 
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Ottawa Cycling Plan (City of Ottawa, 2008) and provide improved connectivity between 

origins and destinations. Site contour lines run in a North-South direction and the site 

slopes downwards from East to West. A bicycle pathway that encourages thermal 

comfort can therefore be placed anywhere on the site with a flat plane, which is generally 

parallel to the contour lines running in a North-South direction. However, the 

compatibility of other site features with design criteria for bicyclists must be explored 

and will affect the ultimate design and placement of the bicycle pathway. 

 

The emphasis on site analysis in this research reflected the expectation that 

microclimate components and landscape elements would have more impact on the 

thermal comfort of bicyclists than the modelling results revealed. Yet the influence of the 

microclimate conditions of the site on the quality and comfort of the bicycling experience 

remain. The application of integrated principles of microclimatic bicycle pathway design 

must give due consideration to the opportunities and barriers presented by the 

microclimate of the site to mitigate the cold season limitations on bicycling activity. 

Firstly, topographical features have significant influence on the conditions of air 

movement and solar exposure (Givoni, 1998): 

 

1. Frost pocket. The site has a very conspicuous frost pocket, which is a re-

sult of cold air flowing to the bottom of the upland area and being trapped 

by the dense vegetation bordering the coniferous forest. A frost pocket 

provides ideal conditions for the accumulation of ice on a pathway, nega-

tively affecting traction, stability and perceptions of safety. This frost 

pocket can be eliminated by providing an outlet for the cold air (Brown & 

Gillespie, 1995) via the removal of vegetation. 

 

2. Solar exposure. The North-South orientation of the pathway for thermal 

comfort is ideal for maximizing solar exposure in colder seasons, as well 

as cooling Southern breezes in warmer months. Combined with a pathway 

surface of black asphalt, with its low albedo and high emissivity, harness-

ing solar radiation to melt away new snows in November and prevent ice 
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accumulation in March and April can be very effective in supporting 

maintenance requirements. Solar exposure is maximized in the upland ta-

bleland area. 

 

Secondly, the sheltering canopy of the coniferous forest over a bicycle pathway can 

reduce the amount of rainfall reaching a bicyclist by as much as forty percent, while a 

deciduous canopy results in a twenty percent reduction (Balshone et al., 1975).  The 

forested locations, or future plantings in the open areas of the site, can also provide 

bicyclists with shelter from snow, but the shading effect on the pathway surface will 

prolong snow and ice accumulation, and increase the requirement for maintenance. 

 

Thirdly, the eastern and southern portions of the uplands area are exposed to the 

most noise and air pollution as they abut major arterial roads. Noise is an irritating 

deterrent to bicycling (Hudson, 1982) while air quality is a public health concern in urban 

areas. It is recommended that a bicycle pathway be 9-15 metres from the traffic stream to 

lessen the exposure of bicyclists to airborne pollutants (Hudson, 1982). A vegetation 

buffer between the road and pathway can mitigate noise and air pollution, and achieve the 

added benefits of providing a windbreak for stopped bicyclists and screening the 

oncoming lights of motor vehicles thus preventing temporary blindness in the bicyclist 

(Balshone et al., 1975). 

 

A consideration of site characteristics that present opportunities and barriers to the 

comfort and convenience of bicyclists, and specifically address bicycle design criteria, 

highlights the importance of a multi-disciplinary approach to the planning and design of 

bicycling infrastructure. The site has abundant features that can be incorporated into an 

aesthetically pleasing bicycle route. There are opportunities to capture views of the 

Rideau River, sunsets and aircraft taking off from the adjacent airport, which are all 

destination activities in themselves, and there is variety of vegetation type and scale. The 

site also offers playground and sports field destinations for the surrounding 

neighbourhood that would be well-served by the provision of a bicycle pathway. An 

undeveloped site also provides the required space to design and implement quality 
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infrastructure (McClintock, 2002a). However, some areas of the site present significant 

planning and design challenges. Geological analysis (Golder, 2009) revealed slope 

instability at the riparian edge in the South-west area of the site, which is a result of the 

site’s former land use as a gravel extraction pit. There is a “Limit of Hazard Lands” 

setback here that prevents construction of a bicycle pathway (see Appendix B). There are 

also ecological sensitivities in the riparian edge and in the wetlands at the North-western 

edge of the site, which is also a storm water management area. The suitability of the 

southern riparian edge for a bicycle pathway is further challenged by the road 

maintenance function of the South-eastern corner of the site as snow storage area for the 

Hunt Club and Riverside Roads intersection. Roadside snow banks in this area were 

observed in January to be over two metres in height, and the drainage swale can 

accommodate considerable run-off down to the Rideau River. This has also created 

erosion and rills in the South-West corner of the site. A pathway with a North-South 

orientation would require a parallel drainage swale on its uphill side to prevent snow melt 

running over the path and re-freezing in colder months. The upland area of the site is also 

subject to land use development proposals and accompanying traffic reconfigurations, 

which is another consideration in the placement of the pathway. Personal safety and 

security is also a concern to bicyclists as the residential housing that backs onto the 

Northern perimeter of the site is the only area that currently provides “eyes on the site”.  

Finally, access to and from the Ottawa site is restricted from every direction by 

vegetation, the Rideau River, arterial roads with their busy, complex intersection, steep 

slopes and chainlink fencing, with the exception of a pedestrian pathway providing 

connection from Riverside Drive to the playground and sports field in the North-east 

corner.  

 

5.3.4 Urban Context Considerations 

Despite the barriers presented above, the site still has provision for a continuous 

bicycle pathway within its boundaries. However, the continuity, connectivity and 

directness of the pathway, which affect the thermal comfort of bicyclists, must be 
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considered within the context of the wider bicycle network and urban form to refine the 

pathway’s location.  

 

A design approach that prioritizes thermal comfort has the same implications 

beyond the site as on it. It is important to continue the pathway where existing and 

potential access to and from the site is achievable at a similar elevation to ensure 

momentum is maintained at an activity speed of 16.0-19.2 km/h. Of course, the potential 

to provide direct connectivity within the existing bicycle network and between origins 

and destinations is also important. The topographical context presents three options: 

1. A pathway that runs alongside Riverside Drive connecting the existing 

pathway at Mooney’s Bay Park at Walkley Road to the North and the ex-

isting pathway just south of the site on River Road. This pathway would 

subject bicyclists to the same traffic control signals as motor vehicles, 

with the potential for momentum disruptions, as well as air and noise pol-

lution. 

2. A pathway that follows the eastern edge of the Rideau River from the 

wetland area north of the site and under the Hunt Club Bridge to connect 

to the existing pathway on River Road. A level pathway would be com-

promised north of the site by springtime floods, on the site by frost pock-

ets, and prohibited due to site slope instability defined by the Limit of 

Hazard Lands. However, the topography of the river edge is most amena-

ble to a level pathway.  

3. A pathway that connects from the North-South section of Kimberwick 

Crescent to the north and follows the line of the 92 metre contour (see 

Appendix B) under the Hunt Club Bridge to connect to the existing path-

way on River Road. This option would require a severance of residential 

land on Kimberwick Crescent to create a right of way, which would also 

enhance neighbourhood access to the playground and sports field. 

 

In field observations (Appendix F), 82% of bicyclists who entered the intersection 

of Hunt Club and Riverside Roads used the Hunt Club Bridge. While the bridge is vital to 
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the East-West connectivity of the Ottawa road network, it is not clear if Hunt Club Road 

is the best location for East-West connectivity in the bicycle network. The Ottawa 

Cycling Plan (2008) proposes an off-road East-West connection over the Rideau River 

1.5 kms north of the study site, which provides a more direct route to destination retail 

and industrial areas west of the river. 

 

At a wider, urban scale, the applicability of the COMFACycle model and a design 

approach that encourages thermal comfort depends not only on flat topography and urban 

form that minimizes interruptions to momentum, but on bicycle travel times between 

origins and destinations. COMFACycle modelling is not applicable to trip times that take 

less than 10 minutes or more than 30 minutes, which correlates to distances of less than 

2.5-3.2 kms and greater than 8-9.6 kms for a bicyclist travelling at 16.0-19.2 km/h. 

Where distances between origins and destinations are less than 2.5km, and a bicyclist’s 

metabolic heat production is lower, design modifications that enhance the microclimate 

become more relevant to user thermal comfort. The COMFACycle model is more 

applicable to suburban form where greater dispersion of destinations require travel times 

of 10-30 minutes, or, in the broader context of the Ottawa site, for exploring urban-rural 

connections adjacent to and within the Greenbelt.  

5.4 Limitations 

The application of the COMFACycle model to a site in Ottawa provided enhanced 

understanding of the relationship between microclimate and bicycling activity in a cold 

climate. The ability to quantify and predict the thermal comfort sensation of bicyclists 

using the site within established design parameters enables a more informed climate-

conscious approach to bicycle infrastructure design, realized in this study through design 

implications, that primarily aims to improve the quality of the bicycling experience and 

encourage more bicycle use. However, due to the exploratory nature of this study, 

limitations to the application of COMFACycle modelling became evident, and there are 

aspects of the research design that can be improved. 
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COMFACycle modelling 

The general limitation of outdoor thermal comfort modelling based on the human 

energy balance is that the accurate measurement of actual thermal sensation (ATS) is 

affected not only by physical descriptors and psychological factors, but is further 

impeded by the “spatial and temporal variability of the physical and meteorological 

characteristics of outdoor environments” (Kenny, 2008, p. 126). Consequently, the 

COMFACycle model is based on a steady-state energy budget equation that “vastly 

simplifies” the complex interaction of energy streams affecting the thermal comfort of 

bicyclists in an outdoor environment (Kenny, 2008, p. 126). Therefore, although the 

COMFA model has a demonstrated ability to predict the ATS of users 70% of the time 

(Kenny et al., 2009a, 2009b), it must be cautioned that COMFACycle modelling 

outcomes in this study are approximate and their application is limited to guiding the 

bioclimatic design process. 

 

The COMFACycle model is based on field-tested steady-state bicycling activity on 

a level surface, which was achieved after an adaptive, warm-up period of ten minutes. 

This renders the model impractical for predicting the thermal comfort of bicyclists on 

infrastructure where travel times are expected to be less than ten minutes. Furthermore, 

steady-state models can be incompatible with the reality of urban utilitarian bicycling 

activity with its variable speeds and interruptions to momentum caused by a myriad of 

factors, including topography, existing infrastructure design, traffic control and social 

interactions. So in this study the applicability of COMFACycle is not universal, but is 

dependent on the proposed pathway function and the connectivity it provides between 

origins and destinations or within the bicycling network. 

 

The COMFA model was field tested on adults, average age 27 for females and 30 

for males, the majority of whom were trained competitive athletes (Kenny, 2008), which 

limits the applicability of this study to adults who regularly ride bicycles throughout the 

typical Ottawa bicycling season, which is from April through to October.  
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Lastly, the human energy balance is based on the body’s core temperature and 

therefore a generalized thermal sensation. The COMFACycle model cannot predict 

localized thermal sensation in body extremities such as the hands, feet and exposed parts 

of the head, which could be important indicators of thermal discomfort in the colder 

months outside the typical Ottawa bicycling season.  

 

Research design 

The understanding of the relationship between microclimate and bicycling activity 

is limited by the design parameters of this study, which were based on the microclimate 

design principle that primary consideration should be given to thermal comfort of the 

majority of people for the majority of time (Brown & Gillespie, 1995). 

 

The afternoon commuting period between 1600 and 1800 hours was selected as the 

time parameter as this is when utilitarian trips typically occur in Ottawa, either as 

individual trips or as part of trip-chaining after work (iTRANS Consulting Inc., 2006). 

However, modelling thermal sensation during a period with low sun angles, or as is the 

case in March, October and November, with very little or no daylight, limits the full 

understanding of the impacts of direct and diffuse solar radiation on bicycling activity. 

 

Similarly, bicycling activity was modeled under typical climate conditions for 

Ottawa, so extreme wind speeds and temperatures, and variability in wind direction were 

excluded from modelling and therefore consideration in design implications. 

 

5.5 Future Research 

COMFACycle model 

Greater understanding of generalized and localized thermal sensation in exercising 

individuals could further augment outdoor thermal comfort modelling research. The 

COMFACycle model has a demonstrated ability to predict the actual thermal sensation of 

users, which is based on the generalized sensation of the body’s core temperature, but 



 111 

does not predict localized thermal sensation. The exploratory sample in this study gave an 

indication of the discomforting effect freezing temperatures and windchill could have on 

the bare skin of a person bicycling outdoors, even as the body’s core, protected by 

seasonally appropriate clothing, was predicted to be thermally comfortable. An ability to 

measure and therefore predict the localized thermal sensation in body extremities, 

including the hands, feet and exposed parts of the head, could contribute to greater 

understanding of the relative influence localized and generalized thermal sensation has on 

outdoor bicycling activity. 

 

Thermal comfort and multi-use pathway design 

The COMFA model has been revised to also include walking and running activity. 

Comparative modelling of walking, running and bicycling activity that is location-

specific may increase knowledge of user function and ensure appropriate consideration of 

all user requirements in the planning, design and implementation of multi-use pathways. 

Additionally, the range of activities in the COMFA model could be expanded to include 

other activities that take place on multi-use pathways, such as horse riding, inline skating, 

propelling a wheelchair, and cross-country skiing. 

 

Relationship between bicycling and outdoor thermal comfort 

The range of outdoor thermal comfort sensation between a bicyclist moving at three 

different speeds and a bicyclist standing at rest in the cooler months of early Spring and 

late Autumn lends weight to the argument that variable exercise increases 

thermoregulatory stresses, and establishes a causal link between interruptions to 

momentum and thermal discomfort of bicyclists. Qualitative research, such as preference 

surveys, is recommended to gauge the deterring influence of interruptions to momentum 

on various categories of bicycle users. Additionally, further research is required to 

establish how much the deterring effect of interruptions to momentum is a result of 

thermal discomfort, or other factors such as the requirement of extra physical effort or 

stresses and time inconveniences. 
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It is recommended that the validity of this exploratory study and the accuracy of 

COMFACycle modelling be confirmed by qualitative research that obtains subjective 

responses from bicyclists to compare to the predicted levels of thermal comfort. 

Furthermore, COMFACycle modelling of other locations and climate conditions 

supported by post-occupancy studies of bicyclists’ thermal comfort may determine if its 

practical application can translate to a wider geographical scale. 

 

The inclusion of thermal comfort in surveys that evaluate motivating and deterring 

influences on bicycle use could assist in establishing the relative importance of thermal 

comfort to bicyclists and consequently its appropriate consideration in a climate-

conscious approach to the planning, design and implementation of bicycle infrastructure. 

Additional studies could gauge the influencing effect of the requirement to ‘warm up’ on 

decisions to ride in colder months. 

 

Relationship between bicycling, climate and weather 

It is reasonable to postulate from COMFACycle modelling outcomes that weather 

and cold climate discomforts, rather than microclimate, are seasonal limitations to 

bicycling activity. Yet identifying the relative influences of these weather and climate 

effects as deterrents to bicycle use is beyond the scope of this study. As the literature 

review revealed, there is a paucity of research, and comparable studies, investigating the 

relationship between bicycle use and the effects of seasonal climate conditions and daily 

weather conditions. The influence of wind on user comfort is an area of research that has 

received little attention and the design implications from this study highlight the 

requirement for more understanding, particularly in cold temperatures. It is therefore 

recommended that future studies identify the relative impacts of specific seasonal climate 

conditions and daily weather effects on bicycling activity at local and regional scales, and 

utilize methodologies that are replicable and contribute to the collection of comparable 

data.  
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5.6 Summary 

Energy stream analysis provided a deeper understanding of the relationship between 

bicycling activity and microclimate. The interrelated combination of microclimate, 

thermal discomforts and cold climate weather effects were postulated as the cold season 

limitation to bicycling activity, from which design implications were drawn and 

presented. Site and urban context considerations affecting the placement of the proposed 

bicycle pathway were discussed, followed by the limitations of this study and 

recommendations for future research. 
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6.0 CONCLUSION 

The purpose of this study was to integrate principles of microclimatic design with 

principles of bicycle pathway design to improve the thermal comfort of bicyclists in a 

cold climate. A review of relevant literature placed this study within the context of 

bioclimatic urban design, identifying the physical and psychological challenges of living 

in a cold climate and the requirement for practical climate tools that can assist urban 

designers and planners to create thermally comfortable outdoor environments that 

encourage increased physical and social activity. The literature review provided further 

background to this study, specifically the identification of: 

• Seasonal climate conditions and weather effects that encourage and inhibit 

bicycle use. 

• Characteristics of built and natural environments that affect bicycle activ-

ity speed, physical effort and momentum, and therefore thermal comfort, 

• Microclimate design principles. 

• Bicycle pathway design principles. 

 

The principles of microclimate and bicycle pathway design informed the selection 

and analysis of a study site in Ottawa, which in turn determined the design parameters for 

thermal comfort modelling. The COMFACycle model was used to investigate the 

existing microclimate of the Ottawa site and predict the thermal comfort of users 

bicycling through the site. 

 

6.1 Findings and Implications 

The key findings from COMFACycle modelling of existing microclimates in the 

Ottawa site were: 

1. The most important determinants of a bicyclist’s thermal comfort in a 

cold, northern climate were personal rather than environmental. Bicycling 

activity, which influences metabolic heat gains, and clothing, which af-

fects all modes of heat exchange, were respectively the dominant and  
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secondary determinant of outdoor thermal comfort sensation and over-

whelmed the impact of microclimate components on a moving bicyclist’s 

energy budget. 

2. Bicyclists were predicted to be thermally comfortable travelling at a 

steady-state speed of 16.0-19.2 km/h in all but one tested scenario (-4 

W/m2 to 160 W/m2), have a preference to be cooler when travelling at 

higher steady-state speeds (152 W/m2 to 321 W/m2 and 232 W/m2  to 418 

W/m2) and have a preference to be warmer in the colder months when 

standing at rest (-93 to 93 W/m2). 

3. The range of thermal comfort sensation across all four activities in all five 

locations in both overcast and sunny conditions was tighter in July than 

the colder months of March, April, October and November, yet varied 

slightly by location. This suggested that thermal discomforts are likely to 

be caused by interruptions to momentum, and are more pronounced in 

colder months. 

4. Wind, solar radiation and seasonally appropriate clothing ensembles were 

variously minor determinants of thermal comfort when compared against 

the impact of bicycling activity in a sensitivity analysis.  

 

Understanding the relationship between microclimate and bicycling activity specific 

to the study site was achieved through the interpretation of COMFACycle outcomes 

combined with consideration of bioclimatic and bicycling research drawn from the 

literature review. The following design implications highlight the compatibility of 

microclimate and bicycling pathway design principles in guiding the creation of 

thermally comfortable outdoor environments for bicycling activity, and how their 

integration can address seasonal climate limitations to bicycling activity in colder 

months. 
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Bicycling and thermal comfort 

• Encourage a steady-state bicycling speed of 16.0-19.2 km/h to maintain 

thermal comfort. 

• Avoid momentum interruptions with a continuous pathway on a level 

plane with a smooth surface to maintain a steady-state. 

• The thermal comfort requirement of a steady-state metabolic rate is com-

patible with bicycle pathway design principles of maintaining consistent 

momentum, and minimizing physical effort and rolling resistance. 

• The COMFACycle model is applicable to suburban form where bicycle 

travel times between origins and destinations can be achieved on continu-

ous, level infrastructure between 10 and 30 minutes. 

• In colder months, the microclimatic principle of providing wind protection 

has particular relevance to a bicyclist with a low metabolic rate: at origin 

and destination points, in locations where a bicyclist is likely to stop dur-

ing a trip, and along routes that connect origins and destinations within a 

10-minute travel time. 

 

Bicycling and cold climate conditions 

• The integration of microclimate and bicycle pathway design principles can 

be very effective in accentuating and moderating the background climate 

to support maintenance, minimize user energy losses and enhance the sur-

face safety of pathways through control of snow and ice accumulation in 

late Autumn and early Spring. 

• Design modifications to landscape elements can provide bicyclists with 

year-round shelter from weather discomforts and accentuate the positive 

aspects of background climate conditions. 

• A bioclimatic approach to bicycle infrastructure design captures an inclu-

sive combination of bicycle user criteria.  
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• The integration of microclimate and bicycle pathway design principles 

supports off-road bicycle pathways that provide space for design modifi-

cations of landscape elements.  

 

A multi-disciplinary approach to bicycle pathway design 

The discussion of design implications highlighted the importance of a multi-

disciplinary, site-specific approach to bicycle infrastructure planning, design and 

implementation, and the leadership role landscape architects can play. Slope instability, 

ecological sensitivities in the wetlands and riparian edge, public health requirements for 

road traffic safety and mitigation of air and noise pollution, storm water management, 

and land use planning are site issues that require consultative input from professionals in 

a variety of disciplines, such as geology, environmental sciences, public health, 

engineering and urban planning, to better inform design decisions. 

 

6.2 Significance of Research 

The significance of this exploratory research is outlined as follows: 

• It acknowledges previous bioclimatic research and the general requirement 

for practical climate tools that can assist professionals in the planning and 

design of thermally comfortable outdoor environments that promote in-

creased usage. 

• It complements existing outdoor thermal comfort research through the 

practical application of the recently revised COMFA model to explore the 

relationship between microclimate and bicycling activity.  

• It presents a novel bioclimatic approach to bicycle infrastructure research 

in that it is strongly guided by design principles specific to bicycling in 

outdoor environments that recognize bicyclists are exposed to climate and 

weather effects, physical effort is required to maintain momentum, and re-

sistance increases physical stressibility. 
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• It complements a current and growing body of research that seeks to im-

prove the quality of the bicycling experience and encourage increased bi-

cycle usage through greater understanding of bicycling activity and user 

behaviours. Specifically, this research makes a contribution to understand-

ing the relationship between bicycling and climate effects, and supports 

the inclusion of thermal comfort as a factor in user preference studies. 

 

This research revealed the compatibility of microclimate and bicycle pathway 

design principles and demonstrated how a bioclimatic approach to designing bicycle 

infrastructure in a cold climate can encourage user thermal comfort, mitigate weather 

discomforts, accentuate seasonal climate conditions, and address a more inclusive 

combination of bicycle user design criteria. Improving the quality of bicycling trips is 

integral to a successful bicycling network. This research has demonstrated that the 

COMFACycle model can be a useful tool for incorporating climate considerations into 

the planning and design of comfortable utilitarian and recreational bicycle pathways in 

suburban areas. 



 119 

REFERENCES CITED 

Aaheim, H. A., & Hauge, K. E. (2005). Impacts of climate change on travel habits: A 

national assessment based on individual choices. CICERO Report, (7), Oslo. 

AASHTO. (1999). Guide for the Development of Bicycle Facilities. Washington, DC: 

American Association of State Highway and Transportation Officials. 

Ainsworth, B. E., Haskell, W. L., Whitt, M. C., Irwin, M. L., Swartz, A. M., Strath, S. J., 

et al. (2000). Compendium of physical activities: An update of activity codes and 

MET intensities. Medicine & Science In Sports & Exercise, 32(9), S498–S516. 

Alcoforado, M. J., Andrade, H., Lopes, A., & Vasconcelos, J. (2008). Application of 

climatic guidelines to urban planning: The example of Lisbon (Portugal). 

Landscape and Urban Planning, 90, 56-65. 

ASHRAE. (1966). Thermal comfort conditions. New York, NY: ASHRAE. 

Atkinson, G., Davison, R., Jeukendrup, A., & Passfield, L. (2003). Science and cycling: 

current knowledge and future directions for research. Journal of Sports Sciences, 

21(9), 767-787. 

Auliciems, A., & Szokolay, S. V. (2007). Thermal comfort. PLEA Notes: Passive and 

Low Energy Architecture International: Design tools and techniques, (Note 3), 1-

68. 

Aultman-Hall, L., Hall, F. L., & Baetz, B. B. (1997). Analysis of bicycle commuter 

routes using geographic information systems: Implications for bicycle planning. 

Transportation Research Record, 1578, 102-110. 



 120 

Baerwald, J. E. (1975). Bicycle facility design considerations: A summary. Paper 

presented at the Fourth National Seminar on Planning, Design and 

Implementation of Bicycle and Pedestrian Facilities.  

Balshone, B. L., Deering, P. L., & McCarl, B. D. (1975). Bicycle transit: Its planning and 

design. New York, NY: Praeger Publishers. 

Bergström, A., & Magnusson, R. (2003). Potential of transferring car trips to bicycle 

during winter. Transportation Research Part A, 37, 649-666. 

Bikeway Planning and Design Guidelines Technical Appendix No. 1, in Ottawa Cycling 

Plan. See reference below under City of Ottawa (2008). 

Brandenburg, C., Matzarakis, A., & Arnberger, A. (2007). Weather and cycling - a first 

approach to the effects of weather conditions on cycling. Meteorological 

Applications, 14, 61-67. 

Brown, G. Z., & DeKay, M. (2001). Sun, wind & light: Architectural design strategies 

(2nd ed.). New York, NY: John Wiley & Sons.   

Brown, R. D., & Gillespie, T. (1995). Microclimatic landscape design: creating thermal 

comfort and energy efficiency. New York, NY: John Wiley & Sons. 

Clarke, A. (2002). US bicycle planning. In H. McClintock (Ed.), Planning for cycling: 

principles, practice, and solutions for urban planners (pp. 263-280). Boca Raton: 

CRC Press LLC. 

City of Copenhagen (2010). Bicycle statistics. Retrieved September 1, 2012 from 

http://www.kk.dk/sitecore/content/Subsites/CityOfCopenhagen/SubsiteFrontpage/

LivingInCopenhagen/CityAndTraffic/CityOfCyclists/CycleStatistics.aspx 



 121 

City of Ottawa (2008). Ottawa Cycling Plan. Retrieved September 10, 2012 from 

http://ottawa.ca/cs/groups/content/@webottawa/documents/image/mdaw/mdq5/~e

disp/cap067408.pdf 

City of Ottawa (2009). eMaps. Retrieved February 2, 2009 from 

http://ottawa.ca/residents/emaps/index_en.html 

City of Ottawa (2010). Quarterly Performance Report to Council Q4, October 1-

December 31, 2010, City of Ottawa. Retrieved May 16, 2011 from 

http://www.ottawa.ca/city_hall/ottawa_performance/quarterly_performance/2010/

q4/cwt_en.html 

City of Ottawa (2012). Environmental protection zoning. Retrieved September 10, 2012 

from http://ottawa.ca/en/licence_permit/bylaw/a_z/zoning/parts/pt_09/protection/ 

Clarke, A. (2002). US bicycle planning. In H. McClintock (Ed.), Planning for cycling: 

principles, practice, and solutions for urban planners (pp. 263-280). Boca Raton: 

CRC Press LLC. 

Culjat, B., & Erskine, R. (1988). Climate-responsive social space: a Scandinavian 

perspective. In J. Manty & N. E. P. Pressman (Eds.), Cities designed for winter 

(pp. 347-363). Helsinki: Building Book Ltd. 

Cycle Infrastructure Design. (2008). Department for Transport (UK). Retrieved 

December 3, 2008 from http://www.dft.gov.uk/pgr/roads/tpm/ltnotes/ltn208.pdf. 

Dijkstra, A., Levelt, P., Thomsen, J., Thorson, O., Severen, J. V., Puk, P. V., et al. (1998). 

Best practice to promote cycling and walking: Analysis and development of new 

insight into substitution of short car trips by cycling and walking - ADONIS. 

Copenhagen. 



 122 

Dill, J. (2009). Bicycling for transportation and health: The role of infrastructure. Journal 

of Public Health Policy, 30, S95–S110. 

Dill, J., & Carr, T. (2003). Bicycle commuting and facilities in major U.S. cities: If you 

build them, commuters will use them - another look. TRB 2003 Annual Meeting 

CD-ROM, 1-9. 

Eliasson, I. (2000). The use of climate knowledge in urban planning. Landscape and 

Urban Planning, 48(1-2), 31-44. 

Eliasson, I., Knez, I., Westerberg, U., & Thorsson, S. (2007). Climate and behaviour in a 

Nordic city. Landscape and Urban Planning, 82, 72–84. 

Environment Canada (2012a). Canadian climate normals 1971-2000. Retrieved 

September 10, 2012 from 

http://climate.weatheroffice.gc.ca/climate_normals/results_e.html?stnID=4337&la

ng=e&dCode=1&StationName=OTTAWA&SearchType=Contains&province=A

LL&provBut=&month1=0&month2=12. 

Environment Canada (2012b). Canada's wind chill index. Retrieved September 10, 2012 

from http://www.ec.gc.ca/meteo-weather/default.asp?lang=n&n=5FBF816A-

1#table1. 

Fanger, P. (1972). Thermal comfort. New York, NY: McGraw-Hill Book Company. 

Faria, I. E. (1992). Energy expenditure, aerodynamics and medical problems in cycling: 

An update. Sports Medicine, 14(1), 43-63. 

FoTenn Consultants Inc. (2008). Planning rationale development proposal. Retrieved 

December 9, 2009 from 



 123 

http://webcast.ottawa.ca/plan/All_Image%20Referencing_Zoning%20Bylaw%20

Amendment%20Application_Image%20Reference_Planning_Rationale?D02-02-

08-0116.PDF 

Gaitani, N., Mihalakakou, G., & Santamouris, M. (2007). On the use of bioclimatic 

architecture principles in order to improve thermal comfort conditions in outdoor 

spaces. Building and Environment, 42(1), 317-324. 

Gibertini, G., & Grassi, D. (2008). Cycling aerodynamics. In H. Nørstrud (Ed.), Sport 

aerodynamics (Vol. 506, pp. 23-47). Vienna: Springer. 

Givoni, B. (1998). Climate considerations in building and urban design. New York, NY: 

John Wiley & Sons, Inc. 

Givoni, B., Noguchi, M., Saaroni, H., Pochter, O., Yaacov, Y., Feller, N., et al. (2003). 

Outdoor comfort research issues. Energy & Buildings, 35(1), 77-86. 

Golder Associates (2009). Report on preliminary geotechnical assessment St. Mary's site, 

Ottawa, Ontario. Retrieved December 9, 2009 from 

http://webcast.ottawa.ca/plan/All_Image%20Referencing_Zoning%20Bylaw%20

Amendment%20Application_Image%20Reference_Geotechnical_Study_D02-02-

08-0116.PDF 

Heinen, E., Van Wee, B., & Maat, K. (2010). Commuting by bicycle: An overview of the 

literature. Transport Reviews, 30(1), 59-96. 

Hope, D., & Yachuk, D. (1990). Community cycling manual: A planning and design 

guide. Ottawa, ON: Canadian Institute of Planners. 



 124 

Höppe, P. (2002). Different aspects of assessing indoor and outdoor thermal comfort. 

Energy and Buildings, 34, 661-665. 

Hudson, M., Levy, C., Nicholson, J., Macrory, R., Snelson, P. (1982). Bicycle Planning: 

policy and practice. London: The Architectural Press. 

Hunt, J. D., & Abraham, J. E. (2007). Influences on bicycle use. Transportation, 34, 453-

470. 

iTRANS Consulting Inc. (2006). 2005 Origin-Destination Survey national Capital 

Region. Retrieved December 9, 2009 from http://www.ncr-trans-

rcn.ca/index.php?toc=content&ID=277&lang=en 

Jia, X., O’Mara, M., & Guan, M. (2007). Rethinking geometric design standards for bike 

paths. Journal of Transportation Engineering, 133(9), 539-547. 

Kati, K., Ylinampa, J., Heikkinen, J., & Hirvonen, M. (2010). The secret of winter 

cycling’s success in Oulu. Velo-city 2010  Retrieved 29 August 2011, from 

http://shoploppen.dk/Velo-city_presentations/Kati%20Kiiskila.pdf 

Kenny, N. A. (2008). Assessing the outdoor thermal comfort of users performing physical 

activity. Unpublished PhD, University of Guelph, Guelph. 

Kenny, N. A., Warland, J. S., Brown, R. D., & Gillespie, T. G. (2009a). Part A: 

Assessing the performance of the COMFA outdoor thermal comfort model on 

subjects performing physical activity. International Journal of Biometeorology, 

53(5), 415-428. 

Kenny, N. A., Warland, J. S., Brown, R. D., & Gillespie, T. G. (2009b). Part B: Revisions 

to the COMFA outdoor thermal comfort model for application to subjects 



 125 

performing physical activity. International Journal of Biometeorology, 53(5), 

429-441. 

Lin, T., De Dear, R., & Hwang, R. (2011). Effect of thermal adaptation on seasonal 

outdoor thermal comfort. International Journal of Climatology, 31(2), 302-312. 

Litman, T., Blair, R., Demopoulos, B., Eddy, N., Fritzel, A., Laidlaw, D., Maddox, H., & 

Forster, K. (2006). Pedestrian and bicycle planning: A guide to best practices. 

Victoria: Victoria Transportation Policy Institute. Retrieved December 3, 2008 

from http://www.vtpi.org/documents/walking.php 

Lukes, R., Chin, S., & Haake, S. (2005). The understanding and development of cycling 

aerodynamics. Sports Engineering (8), 59-74. 

Matus, V. (1988). Design for northern climates. New York, NY: Van Nostrand Reinhold 

Company Inc. 

McClintock, H. (2002a). The development of UK cycling policy. In H. McClintock (Ed.), 

Planning for cycling: principles, practice, and solutions for urban planners (pp. 

17-35). Boca Raton: CRC Press LLC. 

McClintock, H. (2002b). The mainstreaming of cycling policy. In H. McClintock (Ed.), 

Planning for cycling: principles, practice, and solutions for urban planners (pp. 

1-16). Boca Raton: CRC Press LLC. 

McKenna, J., & Whatling, M. (2007). Qualitative accounts of urban commuter cycling. 

Health Education, 107(5), 448-462. 

Mills, G. (2006). Progress toward sustainable settlements: A role for urban climatology. 

Theoretical and Applied Climatology, 84(1-3), 69-76. 



 126 

Mills, G., Cleugh, H., Emmanuel, R., Endlicher, W., Erell, E., & McGranahan, G. (2010). 

Climate information for improved planning and management of mega cities 

(needs perspective). Procedia Environmental Sciences, 1, 228-246. 

Moritz, W. E. (1997). Survey of North American bicycle commuters: Design and 

aggregate results. Transportation Research Record(1578), 91-101. 

Nabti, J. M., & Ridgway, M. D. (2002). Innovative bicycle treatments: An informational 

report of the Institute of Transportation Engineers (ITE) and the ITE Pedestrian 

and Bicycle Council. Washington, DC: Institute of Transportation Engineers. 

Nankervis, M. (1999). The effect of weather and climate on bicycle commuting. 

Transportation Research Part A, 33, 417-431. 

Natural Resources Canada (2012). Western Quebec Seismic Zone. Retrieved September 

10, 2012 from http://www.earthquakescanada.nrcan.gc.ca/stndon/CNSN-

RNSC/wqu-eng.php 

Nikolopoulou, M., Baker, N., & Steemers, K. (2001). Thermal comfort in outdoor urban 

spaces: Understanding the human parameter. Solar Energy, 70(3), 227-235. 

Nikolopoulou, M., & Steemers, K. (2003). Thermal comfort and psychological adaptation 

as a guide for designing urban spaces. Energy & Buildings, 35(1), 95-101. 

Noland, R., & Kunreuther, H. (1995). Short-run and long-run policies for increasing 

bicycle transportation for daily commuter trips. Transport Policy, 2(1), 67-79. 

Oke, T. R. (1987). Boundary Layer Climates. London: Routledge. 

Olgyay, V. (1963). Design With Climate. New Jersey: Princeton University Press. 



 127 

Parkin, J., Ryley, T., & Jones, T. (2007). Barriers to cycling: An exploration of 

quantitative analyses.  Cycling and society. Aldershot, UK: Ashgate Publishing. 

Parkin, J., Wardman, M., & Page, M. (2008). Estimation of the determinants of bicycle 

mode share for the journey to work using census data. Transportation, 35(1), 93-

109. 

Pikora, T., Giles-Corti, B., Bull, F., Jamrozik, K., & Donovan, R. (2003). Developing a 

framework for assessment of the environmental determinants of walking and 

cycling. Social Science & Medicine, 56(8), 1693-1703. 

Ploeger, J. (2003). Infrastructure planning for cycling. In R. Tolley (Ed.), Sustainable 

transport: Planning for walking and cycling in urban environments (pp. 267-281). 

Boca Raton, FL: CRC Press LLC. 

Pressman, N. E. P. (1988). Introduction: The need for new approaches.  Cities designed 

for Winter (pp. 19-31). Helsinki: Building Book Ltd. 

Pressman, N. E. P. (1995). Northern cityscape: Linking design to climate. Yellowknife, 

NT: Winter Cities Association. 

Pressman, N. E. P. (1996). Sustainable winter cities: Future directions for planning, 

policy and design. Atmospheric Environment, 30(3), 521-529. 

Pressman, N. E. P. (2004). Shaping cities for Winter: Climatic comfort and sustainable 

design. Prince George, BC: Winter Cities Association. 

Pucher, J., & Buehler, R. (2005). Cycling trends and policies in Canadian cities. World 

Transport Policy & Practice, 11(1), 43-61. 



 128 

Pucher, J., & Buehler, R. (2006). Sustainable transport in Canadian cities: Cycling trends 

and policies. Berkeley Planning Journal, 19, 97-123. 

Pucher, J., & Buehler, R. (2008). Making cycling irresistible: Lessons from The 

Netherlands, Denmark and Germany. Transportation Reviews, 28(4), 495-528. 

Pucher, J., Buehler, R., & Seinen, M. (2011). Bicycling renaissance in North America? 

An update and re-appraisal of cycling trends and policies. Transportation 

Research Part A, 45(6), 451-475. 

Quanten, S., Aerts, J. M., Van Brecht, A., & Welkenhuyzen, J. (2004, 5-8 September 

2004). Dynamic spatial three-dimensional thermal comfort analysis underneath a 

cyclist helmet. Paper presented at the Proceedings of Roomvent 9th international 

conference on air distribution in rooms, Coimbra, Portugal. 

Reid, J., & Wang, E. (2000). A system for quantifying the cooling effectiveness of 

bicycle helmets. Journal of Biomechanical Engineering, 122(4), 457-460. 

Reid, S., Allen, D., Brown, E., Moreland, V., & Vance, C. (2004). Cycle facilities and 

engineering: Summary of TRL research (No. TRL623). Wokingham, UK. 

Rietveld, P., & Daniel, V. (2004). Determinants of bicycle use: Do municipal policies 

matter? Transportation Research Part A: Policy and Practice, 38(7), 531-550. 

Rodrııguez, D. A., & Joob, J. (2004). The relationship between non-motorized mode 

choice and the local physical environment Transportation Research Part D, 9, 

151-173. 



 129 

Roth, M., Emmanuel, R., Ichinose, T., Salmond, J., Roth, M., Emmanuel, R., et al. 

(2011). ICUC-7 Urban Climate Special Issue. International Journal of 

Climatology, 31(2), 159-161. 

Ryser, L., & Halseth, G. (2008). Institutional barriers to incorporating climate responsive 

design in commercial redevelopment. Environment and Planning B: Planning and 

Design, 35, 34-55. 

Sheffield-Moore, M., Short, K. R., Kerr, C. G., & Parcell, A. C. (1997). 

Thermoregulatory responses to cycling with and without a helmet. Medicine & 

Science in Sports & Exercise, 29(6), 755-761. 

Stinson, M. A., & Bhat, C. R. (2003). Commuter bicyclist route choice: Analysis using a 

stated preference survey. Transportation Research Record, 1828, 107-115. 

Stinson, M. A., & Bhat, C. R. (2004a). An analysis of the frequency of bicycle 

commuting using an internet-based survey. Transportation Research Record, 

1878, 122-130. 

Stinson, M. A., & Bhat, C. R. (2004b). Frequency of Bicycle Commuting: Internet-Based 

Survey Analysis. Transportation Research Record. 

Thomas, T., Jaarsma, C. F., & Tutert, S. I. A. (2009). Temporal variations of bicycle 

demand in the Netherlands: The influence of weather on cycling. Transportation 

Research Board Annual Meeting CD-ROM, 1-17. 

Thorsson, S., Lindqvist, M., & Lindqvist, S. (2004). Thermal bioclimatic conditions and 

patterns of behaviour in an urban park in Göteborg, Sweden. International 

Journal of Biometeorology, 48(3), 149-156. 



 130 

Vanos, J. K. (2009). COMFA interactive model: Input development. University of 

Guelph. 

Vanos, J. K., Warland, J. S., Gillespie, T. J., & Kenny, N. A. (2010). Review of the 

physiology of human thermal comfort while exercising in urban landscapes and 

implications for bioclimatic design. International Journal of Biometeorology, 54, 

319-334. 

Winters, M., Davidson, G., Kao, D., & Teschke, K. (2010). Motivators and deterrents of 

bicycling: Comparing influences on decisions to ride. Transportation, 38(1), 153-

168. 

Winters, M., Friesen, M., Koehoorn, M., & Teschke, K. (2007). Utilitarian bicycling: A 

multilevel analysis of climate and personal influences. American Journal of 

Preventive Medicine, 32(1), 52-58. 

Zacharias, J. (2005). Non-motorized transportation in four Shanghai districts. 

International Planning Studies, 10(3-4), 323-340. 

Zepic, X. (1988). Winter cities: Restructuring the transportation-land use relationship. In 

N. E. P. Pressman (Ed.), Reshaping Winter cities: Concepts, strategies and trends 

(pp. 61-78). Waterloo, ON: Livable Winter City Association, University of 

Waterloo Press. 

 

 



 131 

APPENDIX A COMFACYCLE MODEL INTERFACE 

Comfa - Human Responses to Climatic Changes
In the following section you be given a number of questions and options to choose from. Choose the best available answer.
This will calculate the human budget for particular situation
After each question click on the colored square and pick an option from the drop down arrow

1. Location, Time and Date

What city are you in?    Ottawa, Canada

Month?    Mar

2. Type of Day

Cloud Presence?    Sunny

3. Environment & Activity  

What are you wearing?    Shirt, long pants, socks, shoes, sweater, windbreaker

Output Budget
-6.27 W/m^2

Some Suggestions
To Become Warmer or Cooler

Change the Temperature     Original Temperature

Change the windspeed     Original Wind Speed

Change the colour of the clothing?     Medium

Add Some Shade     No Tree
Is the Tree in leaf?     No

Add a Windbreak     Nothing (100 Wind)

What percentage of the sky is visible?    100

What building material is reflecting solar No Building
radiation onto the person?

Change the ground cover material     Snow (old) 

Change Your Activity     Bicycling (25.6 - 30.4 km h-1)

Are you moving with the wind or against the wind?    Stationary

Shirt, long pants, socks, shoes, sweater, windbreakerPut More Clothes On or Take Some Off     

Urban Or Rural?    Urban

Time of the Day (hour)?    17

What are you doing?    Bicycling (16.0 - 19.2 km h-1)

New Output Budget W/m^2
312.65

Wind Chill Factor Part 1Wind Chill Factor Part 2
-4.114835093 -4.114835093

Budget (W/m^2) Interpretation

< -150 Would prefer to be much warmer

150 to -20 Would prefer to be warmer

20 - 150 No change

150 - 250 Would prefer to be cooler

> 250 Would prefer to be much cooler

Bicycling (16.0 - 19.2 km h-1)

The Different Values Part 1 Part 2 Diff

Symbol Meaning
Ta Ambient Air Temperature Degrees C 1.4 1.4 0.00

Vw Wind Speed m/s 5.6 2.8 (2.85)
RH Relative Humidity % 53.7 53.7 0.00

Rabs Radiation Absorbed by A Person 224.5 235.7 11.23

SWO Solar Radiation 148.5 148.5 0.00
L Long Wave Radiation Emitted by Person 251.7 267.4 15.71
! Albedo Of the Ground 25.0 55.0 30.00

Ma Metabolism Rate 349.0 698.0 349.00
M Metabolic Heat 299.51 599.02 299.51
f Heat Loss Consumed Through Breathing 0.14 0.14 0.00

CONV Convective Heat Flux 212.44 194.70 (17.74)

Tsk Skin Surface Temperature 31.39 35.12 3.73
Tc Individuals Core Temperature 37.79 39.08 1.29
Rt Body Tissue Resistance 43.00 27.21 (15.79)
Ra Boundary Air Resistance 44.18 74.71 30.52
Rc Rc Clothing Resistance 157.6 157.5 (0.10)

Rco Rcv Clothing Vapour Resistance 140.5 181.4 40.84
Tsf Surface Temperature of Individual 7.95 12.23 4.28
Es Evaporative Heat Loss (Perspiration) 101.43 227.23 125.79
Ei Evaporative Heat Loss (Skin diffusion) 1.52 1.89 0.37

Em Maximum Possible Evaporation 66.15 60.00 (6.15)
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APPENDIX B SITE CONTOUR MAP WITH LIMIT OF HAZARD LANDS 
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APPENDIX C SITE CONTENT ANALYSIS 
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APPENDIX D OTTAWA CYCLING PLAN: EXISTING AND PROPOSED INFRASTRUCTURE 
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APPENDIX E DESIGN IMPLICATIONS FOR MOVING BICYCLISTS IN COLD MONTHS 

 

(/lAz=s..5H
9

.r Zes
a->

-J 
qn;

(

f'' 
/, 

.'r\''.
'-=

{ 
/ 

,':\'

\) 
/\

v 
--a

E
\.3 

.n
sfi ,V

L\ 
\-

V"3
€

 s i:
s

t
 

v
!a 

{H

nr.U ?,
3

s
)

d
e

I
t

-
E

.
Q

-
\

\
l

--:, 
\J

c
l

-

5
S

j
i

f )--
q-c.
f

€
#

\n;
r

)
U---

6

r,ffi-
L

:
i

!
,

.
!

\

I{n$v
Sg€

E(]5
U

1\Js.,
trq
)

g
rqq<A

s€
€

N
fi

Liga
r

\$

D

E
€

$
-A

F

r/I\)NY

3o<y'asil\J

fioitii"
I



 136 

APPENDIX F FIELD OBSERVATIONS 

CLIMATE DATA 
 

Date Time Temperature 
Relative 
Humidity 

Wind 
Direction 

Wind 
Speed Pressure Humidex Windchill Weather 

  o C % 10's deg Km/h kPa    
06-Jan-09 16:00 -4.7 65 2 6 99.96  -7 Clear 
06-Jan-09 17:00 -5.9 69  0 100.02   Clear 
06-Jan-09 18:00 -7.1 73 9 9 99.96  -11 Clear 

          
12-Jan-09 16:00 -4.6 65 20 9 100.56  -8 Mostly Cloudy 
12-Jan-09 17:00 -4.9 66 19 9 100.62  -9 Mainly Clear 
12-Jan-09 18:00 -5.2 69 18 15 100.59  -11 Mostly Cloudy 

          
15-Jan-09 16:00 -20.3 47 24 6 101.27  -25 Mainly Clear 
15-Jan-09 17:00 -21.3 52 23 6 101.29  -27 Mainly Clear 
15-Jan-09 18:00 -21.9 54 32 4 101.29  -26 Mainly Clear 

          
22-Jun-09 15:00 26.5 49 8 19 99.68 30  Mainly Clear 
22-Jun-09 16:00 26.0 51 8 17 99.69 30  Mainly Clear 
22-Jun-09 17:00 25.8 50 8 13 99.67   Clear 
22-Jun-09 18:00 25.1 52 11 13 99.68   Clear 

          
          
27-Aug-09 15:00 18.6 40 34 15 100.77   Mostly Cloudy 
27-Aug-09 16:00 18.3 43 36 15 100.77   Mostly Cloudy 
27-Aug-09 17:00 17.6 45 34 9 100.76   Mostly Cloudy 
27-Aug-09 18:00 6.0 50 3 7 100.76   Mostly Cloudy 
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APPENDIX F FIELD OBSERVATIONS 

BICYLIST DATA 
Direction travelled by bicyclist: LT = Left Turn, XT = Straight Through, RT = Right Turn, 
        SUB = Subtotal 

 
Date: 6 January 2009        
Location: IBM Parking Lot, Riverside Drive     
 Riverside Drive 
 Northbound Southbound   
 LT XT RT SUB LT XT RT SUB TOTAL 
16:00-17:00 hrs - - - - - 2M - 2M 2M 
17:00-18:00 hrs - - - - - - - - - 
             
Male Cyclists 0 0 0 0 0 2 0 2 2 
Female Cyclists 0 0 0 0 0 0 0 0 0 
Total Cyclists 0 0 0 0 0 2 0 2 2 
          
Date: 12 January 2009        
Location: IBM Parking Lot, Riverside Drive     
 Riverside Drive 
 Northbound Southbound   
 LT XT RT SUB LT XT RT SUB TOTAL 
16:00-17:00 hrs - 1M - 1M - 1M - 1M 2M 
17:00-18:00 hrs - - - - - - - - - 
             
Male Cyclists 0 1 0 1 0 1 0 1 2 
Female Cyclists 0 0 0 0 0 0 0 0 0 
Total Cyclists 0 1 0 1 0 1 0 1 2 
          
Date: 15 January 2009        
Location: IBM Parking Lot, Riverside Drive     
 Riverside Drive 
 Northbound Southbound   

 LT XT RT SUB LT XT RT 
SU
B TOTAL 

16:00-17:00 hrs - - - - - - - - - 
17:00-18:00 hrs - - - - - - - - - 
             
Male Cyclists 0 0 0 0 0 0 0 0 0 
Female Cyclists 0 0 0 0 0 0 0 0 0 
Total Cyclists 0 0 0 0 0 0 0 0 0 
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Date: 22 June 2009          
Location: Intersection of Hunt Club Road and Riverside Drive, Ottawa  
(Source: City of Ottawa) 
           
 Riverside Drive  
 Northbound Southbound    
 LT XT RT SUB LT XT RT SUB TOTAL  
16:00-17:00 hrs NR 0 NR 0 NR 3 NR 3 3  
17:00-18:00 hrs NR 0 NR 0 NR 3 NR 3 3  
              
Male Cyclists NR NR NR NR NR NR NR NR NR  
Female Cyclists NR NR NR NR NR NR NR NR NR  
Total Cyclists 0 0 0 0 0 6 0 6 6  
           
 Hunt Club Road  
 Eastbound Westbound   GRAND 
 LT XT RT SUB LT XT RT SUB TOTAL TOTAL 
16:00-17:00 hrs NR 7 NR 7 NR 5 NR 5 12 15 
17:00-18:00 hrs NR 7 NR 7 NR 2 NR 2 9 12 
              
Male Cyclists NR NR NR NR NR NR NR NR NR  
Female Cyclists NR NR NR NR NR NR NR NR NR  
Total Cyclists 0 14 0 14 0 7 0 7 21 27 
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Date: 27 August 2009          
Location: Intersection of Hunt Club Road and Riverside Drive, Ottawa    
 Riverside Drive  
 Northbound Southbound    
 LT XT RT SUB LT XT RT SUB TOTAL  

16:00-17:00 hrs 2M 
3F 
2M - 

3F 
4M 1M 2M 

1F 
2M 

1F 
5M 

4F 
9M  

17:00-18:00 hrs 3M - - 3M - 2F 5M 
2F 
5M 

2F 
8M  

              
Male Cyclists 5 2 0 7 1 2 7 10 17  
Female Cyclists 0 3 0 3 0 2 1 3 6  
Total Cyclists 5 5 0 10 1 4 8 13 23  
           

Using Footpath  
1F 
1M  

1F 
1M 1M  

1F 
6M 

1F 
7M 

2F 
8M  

%  40%  20% 100%  88% 62% 43%  
           
 Hunt Club Road  
 Eastbound Westbound   GRAND 
 LT XT RT SUB LT XT RT SUB TOTAL TOTAL 

16:00-17:00 hrs 1M 6M - 7M - 
1F 
3M - 

1F 
3M 

1F 
10M 5F, 19M 

17:00-18:00 hrs 
1F, 
4M 

1F 
5M 3M 

2F 
12M - 

1F 
11M 2M 

1F 
13M 

3F 
25M 5F, 33M 

              
Male Cyclists 5 11 3 19 0 14 2 16 35 52 
Female Cyclists 1 1 0 2 0 2 0 2 4 10 
Total Cyclists 6 12 3 21 0 16 2 18 39 62 
           

Using Footpath 
1F 
2M 1M 1M* 

1F 
4M  2M 1M 3M 

1F 
7M  

* gas station           
% 50% 8% 33% 24%  13% 50% 17% 21% 29% 
           
Bicyclists:           
Using Bridge 51 82%         
XT  37 60%         
RT  13 21%         
LT  12 19%         
     Bicyclists:      
Pedestrians 16:00-17:00 hrs 13  Short Sleeve/Sleeveless Shirt 58  
Pedestrians 17:00-18:00 hrs 10  Long Sleeve Shirt  4  
Runners 16:00-17:00 hrs 3  Shorts (to knee)  50  
Runners 17:00-18:00 hrs 0  Long Pants (below knee) 12  
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