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Abstract 

Abstract 

Cities and towns are interested in providing facilities that permit their citizens to 
maximize the mobility options available to them, make efficient use of the 
transportation network, and enjoy a high quality of life. Measuring the 
compatibility of existing streets, designed for motor-vehicle travel, is critical to 
understanding how the current network can accommodate cyclists, and what the 
key variables to successful integration are. 

This Masters Degree Project examines one method by which to assess cyclist 
compatibility, using an operational model developed by a traffic engineer. This 
case study modifies the original model for application to a specific location, and 
specializes it for urban conditions. When applied to the downtown core of 
Calgary, the model is used to recommend the most cycling-friendly streets in an 
area which currently has no designated routes or facilities intended for cyclists. 
The model also serves to identify specific problem locations and recommends 
ways in which these difficulties can be resolved. The paper includes a discussion 
of the applicability of this operational type model and its usefulness in identifying 
routes in urban areas that best serve the needs of cyclists. 

Key words: bicycle, cyclist, compatibility, bike route, transportation planning, 
downtown bicycle facilities, Calgary. 
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Chapter 1 
Introduction & Approach 

1 Introduction & Approach 

There is a pressing need to establish a methodology by which the key factors 

affecting bicycle use can be analyzed. This is a challenging task however, 

because of the inherent complexity of combining motor-vehicle and bicycle 

operation. The objective of this inquiry is to attempt to evaluate streetscape 

conditions in the downtown core of Calgary through the use of an existing model, 

after modifying it for local conditions. Specifically, the analysis addresses the 

overall quality and usability of streets in the downtown core for the purposes of 

bicycle travel. 

This research was undertaken in an effort to broaden the understanding of the 

applicability of mathematical models in assessing roadway suitability for cyclists 

or other users of transportation facilities not designed with their needs in mind. It 

is the author's belief that the majority of streets in Calgary and elsewhere are 

unnecessarily automobile oriented, and that improvements could be made to 

selected streets in order to better accommodate users of other transportation 

modes. This would aid in diversifying transportation types in use and modifying 

flow characteristics for the benefit of all users, while making urban areas 

healthier places in which to live, work, and move around. 

The downtown is the largest volume destination in Calgary for bicycle trips, with 

up to 2800 daily one-way trips in summer (City of Calgary 2000). Most cyclists 

approach the core using the city's pathway network, a series of recreationally-

oriented routes that predominantly follow the river. However, there are currently 

no designated routes or on-street cycling facilities of any sort within the core, 

leaving cyclists who enter the downtown to their own devices. 

While city planning documents, visionary statements, national guidelines and 

transportation-oriented literature point out the benefits of cycling for cities and 
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citizens, there is a lack of understanding as to how current transport facilities 

affect the cycling environment and use levels for this mode. Despite all of the 

emphasis and public support for separate bicycle facilities in Calgary and 

elsewhere, one fact remains: a large amount of bicycle travel currently occurs 

and will continue to occur on streets designed for automobiles as the primary 

user (City of Calgary, 2000). A method for empirically evaluating the suitability of 

typical streets may be a valuable tool in the effort to increase bicycle use as well 

as safety. This report describes the application of such a tool in the Canadian 

urban context. 

The primary results of this study take the form of a numerical rating for each city 

block and intersection. The ratings calculated for whole streets and avenues in 

the downtown are not surprising for anyone who both knows the core well and 

has cycled there: 3 r d Avenue and 8 t h Avenue S.W. rate overall as the best east-

west connectors, while 6 t h Street, 7 t h Street, 3 r d Street and1 s t Street S.W. emerge 

as the most favorable north-south choices. Recommendations for the most 

bicycle-friendly routes stem from these ratings. 

Secondary results of this model are byproducts of the ratings finally assessed: 

analysis of traffic data, observations made about vehicle flows, and the process 

of collecting on-street measurements served to pinpoint problems with overall 

traffic flow that make for unpleasant and possibly dangerous cycling 

environments in the core. The exact nature and ramifications of these problems 

are discussed in detail in Chapters 4 & 5 along with the suggested solutions. 

Certain modifications to the original model were made in order to adapt it for 

specific conditions found in Calgary, and to increase its accuracy in urban 

situations (it was developed with suburban roads in mind). For example it was 

found that there were several geometric conditions (like dual turn lanes) that 

were not accounted for in the original model, yet exist in Calgary and were 

believed to affect cycling compatibility: these were accounted for. 
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Additional findings include a critique of the model, covering its limitations and 

weaknesses, a refining of the model for application in urban settings, and an 

increased comprehension of the applicability of this type of assessment. The 

honing of this procedure acts to further establish the methodology of bicycle 

compatibility type studies for inclusion in evaluations conducted by transportation 

practitioners or other interested parties. 

1.1 Urban Transportation Issues 

As a city grows, and pressure for homes, jobs, and entertainment increases 

accordingly, so too does the demand for transportation facilities and 

infrastructure. These capital items are an essential part of city fabric, and cover a 

large part of the surface area. They might take the forms of roads, interchanges, 

parking lots, train lines, stations, bridges, pathways or even parks. 

Cities, as places to live and prosper, strive to maintain a balance between 

demand for transportation infrastructure and the costs of providing it. At the 

same time they strive to maintain the overall quality of life and freedom of choice 

for citizens and visitors. The City of Calgary identified the three following factors 

as competing forces that mold how transportation decisions are made: 

- Community and Environmental Quality 

- Mobility 

- Costs and Affordability 

(City of Calgary, 1995) 

The above three factors indicate how strongly transportation is tied to the daily 

life of a city's inhabitants. 
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Mobility is highly valued, allowing people to make unfettered decisions about 

where they work and live, yet too much mobility negatively affects the other two 

above factors. The cost of travel is reflected not only in direct expenses, but also 

through less tangible ones such as shared costs, a degraded environment, and a 

consequent decline in the general quality of life. Aspects of community and 

environmental quality are affected by noise and air pollution caused by various 

transport modes, and roads or bridges can divide communities or 

environmentally sensitive areas, though they may be important parts of the 

overall transportation network. 

Over-reliance on a single transport mode is not desirable because of the many 

disparate interests and needs of citizens. An auto-based transport system 

effectively excludes those who cannot drive, such as young, old, disabled, or 

economically disadvantaged people. Different types of trips also have different 

modal needs: for example the commuting trip and the shopping trip have 

disparate movement patterns in time and space, and likely can be best served 

with different vehicles (Tolley & Turton, 1995). 

Nearly half of all daily urban trips are less than 6 km, a distance easily covered 

by many different travel modes, several of which are non-polluting (Tolley, 1997). 

A balanced approach, using private as well as public transport, will provide for 

individual choice while maximizing the use of physical infrastructure and 

minimizing the negative externalities associated with transportation, like land 

consumption, noise, or air pollution. 

However, in North American cities as much as half of the land area is devoted to 

roads and parking lots that are the required parts of an automobile-dominated 

transportation network (Richards, 1990). Approximately 80% of trips in Canada 

are currently made using this mode. While this situation results in excellent 

mobility for some people at most times, it also exacts a high price on society at 
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the local, national, and international levels through externalities like pollution and 

social disparities. 

1.1.1 Land Use 

One of the most influential factors determining how transportation systems 

function is the density of land use. Low density makes walking and other low-

speed methods impractical, and transit systems expensive to provide. The most 

practical option at low densities, where land and disposable income are 

available, is the automobile. Sprawled development patterns and decentralized 

services mean longer trips and more energy consumed in day to day life (Tolley 

& Turton, 1995). At higher densities, many more trips can be made on foot or 

bicycle, and transit systems become more cost effective and provide adequate 

service levels (Ward, 1991). 

The layout or pattern of development is also important. Placing housing and 

services in close proximity to places of employment can facilitate travel, help to 

maximize the number of employees able to use non-polluting modes to travel to 

work, and also maximizes the use of infrastructure such as roads and public 

transportation (Garrison & Ward, 2000). Development patterns such as single 

use subdivisions or industrial areas also act to create zones that are typically 

only useful for part of the day or part of the week, increasing per capita 

infrastructure costs and making some areas more susceptible to crime (Ward, 

1991). 

1.1.2 Congestion 

Most cities suffer from congestion of some sort, whether it is on roads, rail 

facilities, pathways, bridges, or all of the above. In North America it is usually on 

roads, and associated with the peak travel hours: morning and evening rush-

hour. Congestion causes traffic speeds to stabilize and eventually slow, 
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decreasing the efficiency of the roadway and its ultimate capacity (Garrison & 

Ward, 2000). The efficiency of a roadway from the perspective of a road user 

can be measured, and is often referred to as the Level Of Service. This concept 

is discussed in more detail in Chapter 3. 

One response to congestion and consequent decreased service levels is to 

make better use of existing infrastructure. Staggering work hours, decentralizing 

employment, or specific management interventions like High Occupancy Vehicle 

lanes all act to decrease peak congestion without adding capacity to the 

transportation system (City of Calgary, 1995). Another way to reduce crowding or 

congestion is to reduce the number of trips generated, often referred to as 

Transportation Demand Management. Examples of this might include road 

pricing (tolls or congestion pricing), limits to parking availability, or taxation-

related incentives to curb automobile traffic. 

Replacing some car trips with bicycle trips can be an effective way of realizing 

more utility from existing roadways without adding capacity or inconveniencing 

other road users. Bicycles are small, compatible with existing transport 

infrastructure, and able to mix reasonably well with other road users, such as 

cars, buses, and pedestrians. 

1.1.3 The Bicycle 

Cycling in cities is now seen by transport planners as a method worthy of 

consideration, particularly in areas of higher density, where there is pressure for 

space and a need for individual transportation (Richards, 1990). For journeys of 

less than 3 km, the bicycle can easily be the fastest mode of transport in busy 

urban conditions (Tolley & Turton, 1995). It is an inexpensive and therefore 

widely accessible mode of transport; most people know how to ride one, and any 

physically active person can learn. 
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Bicycles require little space to operate: approximately 1/8 the space of a car 

while in operation, and requiring twenty times less space than a car when parked 

(McClintock, 1992). It is the most efficient mode of transportation ever invented, 

outperforming electric cars, airplanes, and even walking (Moore, 1975). Cycling 

requires 35 calories per passenger mile (1.6 km), compared with 100 for walking, 

and 1860 for a passenger vehicle with one occupant (McClintock, 1992). The 

operation of a bicycle causes no pollution, and is quiet. Its use also promotes 

fitness among cyclists and health among non-cyclists through a reduction in 

airborne pollutants (Tolley & Turton, 1995). It is therefore a transport mode which 

is inexpensive for the individual and economical for society. 

If sustainability in transportation is to be achieved, bicycles, or something much 

like them, must occupy a role more central than the car in the future transport 

mode breakdown (Tolley & Turton, 1995). A new framework for transportation 

planning will recognize that very important relationships exist between speed, 

access, environment, and the quality of urban life. Bicycles will play an important 

role in the balance of these issues, as will our ability to provide facilities that 

accommodate a variety of vehicle sizes and designs. 
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Exhibit 1.1. Commuter cyclists heading home in Downtown Calgary 

(Photo source: Author) 

Among Calgary cyclists, only 50% of surveyed cyclists are comfortable riding 

downtown, yet 93% consider their skill level to be average or better (City of 

Calgary, 2000). 92% report that there is bicycle parking at their destination 

downtown, and commuter cyclists with destinations in the core have no choice 

but to make part of their trip on-street (City of Calgary, 2000). This is one of the 

main reasons for undertaking this research. This study will describe and apply a 

means of evaluating road suitability for cyclists, with a goal of comparatively 

rating urban streets, recommending the best route options and potentially 

increasing the number of cycle trips into and within Calgary's downtown. 
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1.2 Methodology 

Analysis of street sections and intersections is accomplished through on-site 

observation, data available from the municipal government, and the application of 

a mathematical model previously developed for this purpose by William Jeffrey 

Davis (Davis, 1987). The model seeks to identify, on a comparative basis, street 

sections and intersections that are better suited for cycling, and by extension, 

which sections need improvement. The Davis model was chosen because of its 

simplicity, accuracy, and ease of applicability compared to other models of its 

type. The merits of using this model vs. others are discussed in further detail in 

Chapter 3. 

Results from the model are tabulated and used to assess the overall relative 

suitability of long straight sections of streets or avenues, as well as several 

alternative routings through the core. Recommendations are then made for 

designation of certain routes as bikeways or otherwise recognized corridors. 

Results and observations regarding the functionality of traffic flows in the study 

area are also used to point out specific trouble spots that could affect cyclist 

compatibility. 

The study area is the downtown core of the City of Calgary. It was identified for 

study because of the absence of any recommended bike routes, the localized 

concentration of employment and built density, and because of the high number 

of cyclists who make this part of the city a daily destination for commuters. See 

Exhibit 1.2 for a description of the study area and how it relates to the overall 

Calgary context. 

1.2.1 The Davis Model for Calgary 

The following section describes the Davis model, as it was applied in this case 

study. It has been modified for greater accuracy (all of the descriptive factors are 
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described with more precision than in the original version), and also simplified for 

application in the downtown Calgary study area. The original model, details of the 

modifications, and factor definitions are fully covered in Chapter 3. 

The model works by assessing roadway "segments" based on their physical 

characteristics and traffic levels. This is done by dividing roadways into sections 

with similar characteristics. For the purposes of this study in Calgary, this means 

that each segment is the block long section between two intersections. There are 

varying data (such as the Average Daily Traffic volume) available for every block 

section, and the physical characteristics often also change at intersections, so 

block-long sections were considered to be most suitable in this context. 

The model consists of two main formulas: the Roadway Segment Index, a value 

for street sections, and the Intersection Evaluation Index, a value for the 

intersections. 

The formula for street sections is composed of values such as Average Daily 

Traffic, the number of lanes, the width of the outside traffic lane (nearest the 

curb, on the right), the percentage of truck traffic, and the sum of several 

pavement condition and locational indicators (like the number of potholes and 

adjacent driveways). 

For intersections, the relevant data points are the volume of traffic in the 

conflicting stream (traffic crossing the direction of travel), and the volume on the 

route being indexed, plus a sum of geometric and signalization related values 

(such as how the traffic lights work). 

Data are arranged into formulas and ascribed coefficients to weight and 

normalize the data. These values were established by Davis as 2500 vehicles 

per lane, posted speed of 35 mph, and 14 foot outside lane width, based on 

extensive research. The baseline values in the model (2500 for traffic per lane for 
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example) are derived from the maximum desirable volumes presumed 

acceptable for bicycling (Davis, 1987). These values are converted to metric for 

application in Calgary, and posted speed has been eliminated because it is 

consistent across the study area, and therefore does not affect the relative 

ratings. 

Once all the data have been entered, the formula calculates a rating: typically a 

number between 0 and 8. Davis combines (averages) the Roadway and 

Intersection ratings along the route being studied (giving them equal weighting) 

to achieve a final number, which is calculated by averaging all the values. In this 

Calgary application, the median has been used in place of the average, in order 

to discount the effect of outlying results and achieve more realistic overall street 

ratings. 

As an example of how ratings are calculated, if 10 t h Ave has 3 blocks with scores 

of 4.5, 6.0, and 5.6, and two signalized intersections each scoring of 6.5 and 4.9, 

the average of the Roadway scores is 5.4, and the average of the Intersection 

scores is 5.7. Davis's overall rating for that route would then be 5.5 (an average 

of all 5 values). This value translates into a rating for 10 t h Ave of "fair" based on 

the original categories set out below in Exhibit 1.3. 

Value Ratina Descriotor 

0-4 Excellent Extremely favorable 

4-5 Good Conducive, yet not unrestricted 

5-6 Fair Marginal desirability 

6+ Poor Questionable desirability 

Exhibit 1.3. Rating Categories in the Davis Model. 
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High Index values indicate poor cycling conditions, and negative values (as low 

as -1) are sometimes returned, indicating particularly favorable conditions. 

The index rating for a roadway is not a definitive value and cannot be described 

in physical terms. It is only used to assign a general designation, or to compare it 

with another roadway in the same study. These values and categories were 

originally calibrated based on the case study in Chattanooga, Tennessee (Davis, 

1987). The categories can potentially be tailored to suit individual cities if the final 

values warrant modification (if all results are below 4, for example). 

1.3 Limitations 

The application of a standardized model in this type of situation has inherent 

limitations. These can be described as: 

• Limitations of the model; 

• Limitations for cycling; 

• Limitations for planning (decisions made as a result of findings). 

1.3.1 Limitations of the Model 

The model was developed for application by transportation practitioners (city 

engineers, most typically) using easily available data. As with any model, the 

results achieved are only as good as the data being used to make the 

calculations. The successful completion of the assessment requires that a 

relatively large amount of data be collected and processed. A lack of access to 

this data, or inaccurate data, could jeopardize the results. 

As such, certain factors that might be incorporated are omitted for simplicity, 

such as actual vehicle speed, size and shape of all vehicles, or other conditions 
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that might affect cyclists, such as climatic variations or driver behaviour. The 

level of detail that can be assessed is also limited, for example the surface 

quality of the street or the many variations in curb lane width that sometimes 

occur in the space of one block. 

The Davis model also relies to a large extent on subjective data collection, which 

limits its applicability between cities. It is difficult to apply the descriptive factors 

systematically, unless the same individual always collects the data, a problem 

inherent in any model of this sort. This makes comparisons between different 

jurisdictions problematic, and this problem is further complicated by the variety of 

specific roadway layouts that might be encountered in otherwise similar cities. 

Every attempt to clearly define data collection methods and potential variations 

has been made. For further discussion of this along with the model's inherent 

limitations, applicability, and alternatives, see Chapter 3. 

1.3.2 Limitations for Cycling 

Skill and experience level are two of the most pressing factors to consider when 

determining how a cyclist will feel while using a street. It is the cyclist's 

perception of comfort that will ultimately decide whether a roadway meets their 

personal specifications for safety and comfort. 

Other studies have divided cyclists into groups such as "experienced, casual, 

and youth" or from "savvy experienced commuter bicyclist" to "very timid 

occasional recreational rider" in order to categorize what type of skill levels would 

be appropriate for individual streets previously rated by geometric and 

operational conditions (Harkey & Reinfurt, Knuiman & Sorton, 1998). This aspect 

of cyclist compatibility, based on experience, perception, and opinions of users, 

is not addressed in this study and is beyond the scope of this research. 
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Rating only the operational condition of roadways, while effectively limiting the 

research to exploration of physical factors necessary for the scope of this project, 

ignores other elements that make up the cyclist's on-street experience. Driver 

attitude or behavior is often listed by cyclists as something that typifies the 

cycling experience in a particular city. Vehicle operator attitudes toward sharing 

the road with cyclists, along with the number of bicycles on the road, affects the 

general bicycle friendliness of a city. This study does not attempt to address such 

aspects, although they do present an aspect of bicycle compatibility that 

deserves further research. 

The model has been applied under what are notionally typical conditions, using 

standard data. This means that the street rating is an indicator of average 

conditions that might be experienced on a given street. For example, one of the 

most important factor variables is daily variations in traffic volume. The weekday 

peak hour (rush hour, either morning or evening) brings higher volumes of traffic, 

which would have resulted in a lower rating using the same assessment 

technique with different traffic count data. 

For this reason, the results of this study are limited in their applicability to non 

rush-hours, on weekdays. During peak periods, conditions can be expected to be 

worse, and on the weekend potentially better, but it is not known to what extent. 

1.3.3 Limitations for Planning 

The results of this report are of three distinct types. One is the recommendation 

of certain routes over others, for inclusion in the regional bikeway network. The 

second is a list of highlights relating to how conditions can be improved on 

particular street sections. The last is related to how well the model is judged to 

function, whether it should be applied with more regularity, and what 

modifications are most relevant based on the Calgary experience. These results 

are clear and seem relatively straightforward, but may be limited in their 
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applicability due to the nature of local politics, traffic engineering, urban planning 

and the many interests that must be accounted for when it comes to making 

changes to the existing system. 

While adapting a street rating system for cyclists, applying it, and drawing 

conclusions about the compatibility of various streets is a step forward for 

transportation planning, there are some limitations with respect to how the results 

are perceived or acted upon. For example, good ratings on a handful of streets 

and several recommended routes might give the casual observer the impression 

that the downtown environment is already good enough for cycling, and that 

further improvements are not necessary. 

Streets are designed and intended to serve many functions, cycling being one of 

a multitude of potential uses. In Calgary, the downtown streets are laid out and 

operated so as to maximize automobile and transit throughput, connectivity, and 

accessibility. The downtown is a place for business, and the street network 

facilitates this. Making changes that favor cyclist connectivity, comfort, or ease of 

travel may negatively affect other uses, and therefore could be judged 

undesirable by planners or the public. 

This study recognizes the fact that cycling is not universally appreciated, but it 

is clearly beyond the scope of this exercise to provide a program of 

implementation for any recommended changes to the existing transportation 

infrastructure, in Calgary or elsewhere. 

1.4 Outline 

This study encompasses five chapters. The introduction, scope, methodology 

and limitations of the study are covered in Chapter 1. Chapter 2 provides a 

description of how the transportation system in Calgary functions, with emphasis 

on the downtown core. Also covered are existing cycling facilities, and an 
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overview of the street environment and how it relates to cyclists. The regulatory 

and policy frameworks are discussed, both for the Province of Alberta and the 

City of Calgary. Chapter 3 discusses how the model was tested and modified. A 

detailed description of the model limitations as well as the study area is included 

Chapter 4 describes the analytical procedure and application of the formula, the 

rating calculation for downtown streets and avenues, and discusses various 

problems encountered and how they were resolved. Chapter 5 includes maps 

showing the final ratings for street sections and intersections studied, planning 

recommendations stemming from these results, and conclusions regarding the 

applicability of the model in urban conditions. 
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2 Bicycle Transport in Calgary 

This section will describe how the transportation system in Calgary functions. 

The mode breakdown, street environments, study area, policy and regulatory 

frameworks in place, as well as the factors that affect cycling in Calgary and 

elsewhere are also addressed. 

2.1 Overview of Urban Street Environment 

The downtown core of Calgary is approximately 1 1 x 9 blocks. This area 

comprises the study area because it is the business core, and therefore highly 

trafficked: it is a major destination and hub of activity for many users. 

The core encompasses many commercial towers, some as high as 55 stories, 

with up to 1 million square feet of office space in a building. There are also 

several residential towers ranging up to 25 stories. Multi-level parking structures, 

various commercial and public buildings, surface parking lots, urban parks, and 

"+15" overhead walkways (which connect adjacent buildings over the street at 

the level of the second floor) also typify the downtown built environment. 

The on-street environment is typical, by North American standards, with a 

combination of unidirectional and bi-directional surface roads running roughly 

north-south (called streets) and east-west (called avenues). Block sections range 

from 50-120 meters long. The number of lanes ranges from as few as one (per 

direction) to as many as six (one way) at peak periods. Most sections are paved 

in asphalt, with a few concrete sections, often at bus stops. There are also two 

roads (8 t h Avenue S.W. and 3 r d Street S.W.) finished in paving stones or similar 

material. 
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There are only six block sections incorporating curves, in two cases to make way 

for LRT right-of-way corner clearances, and the rest for purely cosmetic reasons 

on a street that incorporates traffic calming features. One of the east-west 

avenues (7 t h) is reserved for transit and emergency vehicle traffic through the 

core of downtown - cycling is prohibited on this avenue, and for this reason it is 

not assessed. 

2.2 Transport Mode Breakdown in Calgary 

The Travel to Work Study is compiled bi-annually by the Data Management and 

Forecasting Division of Land Use & Mobility, in order to track travel patterns, 

monitor and forecast future trends, and generally maintain a close watch on the 

largest component of travel behaviour, the home to work return trip. Data was 

gathered as part of the Civic census, and for the purposes of analysis the city is 

divided into 8 sectors (such as downtown, Centre, North-East, and South-West). 

The population of Calgary at the time of the 1999 Civic Census was 842,388. 

The total number of employed persons was 457,343, and the total number of 

jobs was 643,500. Of that, 102,100 jobs were located in the downtown core 

(22%). The percentage of total jobs in downtown has been dropping slowly over 

the years, and is now at a plateau (City of Calgary, 1999). 

However, only 10,643 people lived in the downtown in 1999 (0.8% of the total 

population) making the concentration of jobs acute, relative to the number of 

people living in the core. The downtown core is defined as the area between the 

CPR tracks and the Bow River (City of Calgary, 1999). Recent construction 

within easy walking distance of the core, in the form of condominium and 

apartment towers, means that the number of people walking to work is poised to 

rise. The demand for transportation services in the core has been growing, and 

will likely continue to do so. 
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Of all employed people residing in the downtown, 59% also worked in the 

downtown in 1999. It should be noted that the percentage of job growth in the 

downtown was 22% for the period of 1996-1999, the largest increase anywhere 

in the city. The percentage of new housing in the downtown area was 0%, the 

lowest of all 8 sectors (City of Calgary, 1999). This means that while the number 

of jobs downtown grew by nearly a quarter, there was almost no corresponding 

increase in local housing for those new employees, forcing them to commute in 

from other areas. 

Mode Citvwide% Core% 

Auto 78.0 7.0 

Transit 15.4 22.0 

Walk 5.2 71.0 

Other 1.3 0.0 

Exhibit 2.1. Mode of travel to work for 1999. 

(City of Calgary, 1999) 

2.2.1 Auto Travel in Calgary 

The auto mode is the dominant mode of travel to work for all major sectors of the 

city, except in the Downtown itself, and the Centre (just south of downtown) (City 

of Calgary, 1999). For people who both live and work in the downtown, walking is 

the main mode of travel. On a city-wide basis, transit, walking and other modes 

are far less common: city-wide, 78% of work trips are made by automobile (City 

of Calgary, 1999). 

The city as a whole is automobile oriented, as can be seen from the percentage 

of trips made using this mode. The built density outside of the downtown core is 
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quite low, and the road infrastructure well established and efficient. Congestion 

does occur however, particularly at the peak hours in and around downtown, as 

well as at several pinch points elsewhere. This is a result of the low overall 

residential density, and the high overall proportion of employment located in the 

core, yet low number of people living near that employment. 

Calgary has a very high concentration of head offices per capita, in comparison 

with other North American cities, with a high number of well educated and well 

paid workers (City of Calgary, 2000). There is a large supply of parking available 

in the downtown, both on and off-street, with costs ranging up to $14/day in the 

core. The above factors all point to the high demand for transport services to and 

from the downtown on business days. 

2.2.2 Transit in Calgary 

Transit is the second-most dominant mode of travel for work trips to the 

downtown, ranging from 28-51% from various sectors around the city (the 

average is 41%) (City of Calgary, 1999). While there is a well developed transit 

system in place, with over 150 bus routes and 3 light rail lines leading out of 

downtown, not all areas of the city are well connected to each other. 

Travel by transit to or from distant parts of the city can be very time consuming, 

because of the well documented difficulty in providing service that offers both 

high coverage and high frequencies in areas of low density. There is however a 

high demand for transport services in all sectors of the city, including into the 

downtown at peak hours. 

2.2.3 Bicycles in Calgary 

The percentage of daily and AM peak hour home-to-work trips made by bicycle is 

0.9% city-wide (City of Calgary, 1999). It is however the fastest growing mode of 
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transportation city-wide and to downtown (City of Calgary, 2000). As many as 

2504 cyclists have been counted entering the downtown core at peak morning 

periods (July) using cordon counts at the 16 most highly traveled points (City of 

Calgary, 2000). This represents about 2.5% of all employees entering the 

downtown core (after subtracting those who live and work downtown). 

Most commuter cyclists entering the downtown core (at least those arriving from 

the north, east, and west) do so using the pathway system, a network of multi-

use pathways located along the river valleys and connecting parks. These paths 

are generally well connected to river and arterial crossings, the regional bikeway 

system, and streets that then lead into the downtown. As such, they represent an 

attractive option for those seeking alternative ways of getting to workplaces in the 

core. 

2.3 Review of Existing Cycling Conditions in Calgary 

Dry weather, clean air, and the extensive regional pathway system are all factors 

which have contributed to the image of Calgary being a good place to cycle. 

Harsh winter temperatures discourage all but the most ardent cyclists, yet the 

summer months see many cyclists on the move for business and pleasure. A 

cyclist can travel over 400 km using pathways (multi-use trails), and on-street 

bike routes within the city limits, accessing most destinations (City of Calgary, 

2000). Compared with collector streets, these routes are not congested (with 

cars), and represent relatively direct routing in most cases. 

Cycling Facilities 

The two above-mentioned sub-components of the two official types of cycling 

facilities bear clarification: 
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2.3.1 Pathways 
Calgary has a pathway network that runs through parks and along rivers, 

canals and ravines, originally conceived as a recreational system of trails 

for multiple users. It is very well-used recreationally, and increasingly by 

commuter cyclists who prefer the paths over conventional roads for their 

safety, directness (in most cases), and scenic benefits. Pathways fall 

under the mandate of Park Development and Operations (a City of 

Calgary "Business Unit"). See Exhibit 2.2 below for a pathway example. 

Exhibit 2.2 Pathway near the Study Area. 

(Photo source: Author) 
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2.3.2 On-Street Bike Routes 

The on-street bike-route network has been developed on streets with low 

traffic volumes as an alternative to bicycle travel on congested streets or 

pathways. Called "Bikeways", these signed routes provide connections 

with the regional pathway system, identify routes through communities 

with byzantine street layouts, and provide preferred routes to the 

downtown core and other destinations. Bikeways are the responsibility of 

the City of Calgary Transportation Department. See Exhibit 2.3 below for 

an example of an On-street route. 

Exhibit 2.3. Signed On-Street Bike Route 

(Photo source: Author) 
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Calgary's network of Pathways and On-street bike routes are reasonably well 

signed, connected and mapped for ease of use by all users. They are connected 

to over 80 pedestrian overpasses (many of which incorporate ramps) which cross 

major traffic arteries. At most river crossings, pathways and bike routes use a 

separate bridge or facility that allows segregation from automobile traffic. 

There are several different options for accommodating cyclists in the 

transportation network. They range from complete integration on regular streets 

(with no special provisions made) to complete segregation on purpose-built 

paths. There is however continuing worldwide debate about the relative merits of 

bicycling routes that are segregated from automobile traffic vs. those that share 

the right of way (Forester, 1993). 

Based on past studies of cyclists in Calgary, it has become obvious that even 

experienced commuter cyclists (who often state that they prefer riding on streets) 

ride a portion of the way to their destination on pathways (City of Calgary, 2000). 

Increased crowding has led to conflicts however, particularly between 

recreational and utilitarian or destination oriented cyclists and other pathway 

users. This issue has led to the increased number of bikeway designations in 

recent years, when compared with pathway construction. Some pathways have 

also been twinned in high volume areas, with signs directing cyclists and inline 

skaters to one path, and all other users to the other. 

Results from the 1992 Commuter Cyclist survey indicate that many cyclists 

favour the creation of on-street bike lanes in order to resolve the issue of 

segregation vs. integration, particularly on higher volume streets where no viable 

alternative exists. There have been no bike lanes built in Calgary in the 

intervening 10 years however, and none are planned for the near future. 

According to the 2000 Commuter Cyclist Survey, 56% of cyclists spend less than 

half of their journey on streets (vs. paths), while 86% of cyclists surveyed prefer 
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off-street routes (vs. 9% who prefer on-street, and the rest who stated no 

preference). The large number of pathways and bikeways in this city, while often 

scenic and routed so as to avoid areas of heavy traffic, are not always very direct 

or the most efficient route from point to point. Directness is highly valued among 

commuter cyclists, who seek to minimize travel time (McClintock, 1992). 

At various points around the downtown core, pathways connect to local streets, 

allowing for simple connections to downtown destinations, provided individual 

cyclists are comfortable riding with traffic on regular streets. Several streets and 

avenues in the core have been identified and recommended as potential 

bikeways in the past, but have yet to be included on the pathways and bikeways 

map. The suitability of the current combination of recommended routes and 

bicycle-oriented connections is therefore tested in this paper. 

2.4 Other On-street Conditions 

Bicycles are permitted and expected on public roadways. They share roadway 

space with other users such as trucks, cars, and buses. The following are several 

types of conditions that a cyclist can expect to encounter on public roads in 

Canada, some of which currently exist in the City of Calgary. 

2.4.1 Shared Lanes 

This type of lane is a street or highway lane with no special provision for cyclists. 

These typically measure up to 3.7 m in width (not including any shoulder) (Wong, 

2002). In order for cars to safely pass cyclists, they must cross the center line or 

encroach on an adjacent lane (Wilkinson, Epperson & Knoblauch, 1994). For 

residential streets, with low traffic volumes and speeds, this type of condition 

(narrow width) is acceptable for most cyclists. At higher volumes and speeds, this 

type of facility becomes less attractive for cyclists, and can become dangerous 

for auto traffic as well. 
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Calgary has a wide variety of lane widths, ranging from 3.0 to 6.2 meters in the 

downtown. The official standard in the downtown is 3.5-3.7 meters (Wong, 2002). 

However, there are several lanes which are wider than this standard (as 

measured for this study and according to the city engineering department) in 

order to accommodate parking and/or bicycle traffic. There are also several lanes 

as narrow as 3.0 meters, in order to accommodate more lanes on a given street 

section, according to a city engineer (Wong, 2002). Based on measurements 

taken for this study, 3.0 meters is not accurate when additional space is allocated 

for cars that may be parked at the curb. See Exhibit 2.4 below for an example of 

a wide shared lane in downtown Calgary. 

Deli 
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Exhibit 2.4. Shared Lane - 8 t h Avenue at 7 t h Street S. W. 

(Photo source: Author) 
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2.4.2 Bike Lanes 

Perhaps the most well known and certainly the most visible among the on-street 

options are painted bike lanes. These facilities fall into the middle ground 

between complete integration and segregation. Bike lanes visually reserve part of 

the road for cyclists, usually 1.5 meters along the right hand side of the right

most lane, using paint applied to the road surface in much the same way as 

automobile lanes are differentiated from each other (Wilkinson et al., 1994). Any 

on-street parking is to the right side of the bike lane, and bicycle traffic is 

separated from motorized traffic only by the painted stripe. 

There is little evidence that bike lanes are safer for cyclists (Wilkinson et al., 

1994). However, they may make many less experienced cyclists feel more 

comfortable on the road. Their presence offers a visual distinction between space 

reserved for cars and that reserved for bicyclists, implying to all road users that 

cyclists do have a place in the traffic hierarchy (Wilkinson et al., 1994). Most 

bike-car accidents happen at intersections however, and bike lanes cannot avoid 

intersections. In fact, their presence often confuses turning movements at 

intersections, and could be considered bad for cyclists at intersections, who are 

usually the losers in negative bike-car interactions. Bike lanes also tend to 

accumulate debris which is swept aside by car and truck traffic (Mclintock, 1992). 

There is little consensus on whether bike lanes are a positive addition to the on-

street environment, though they do serve to further legitimize cycling in the eyes 

of the general public by allocating on-street space to cyclists. 

There are currently no bike lanes in the City of Calgary. 

2.4.3 Wide Curb Lanes 

An alternative to on-street painted bike lanes which has received positive reviews 

in cycling related literature and studies is the wide curb lane. This design uses 
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extra allowances in the painted width of the right-most lane on any street, 

typically up from the standard of 3.7 meters on major roads to 4.3 meters 

(Mclintock, 1992). This allows the accommodation of bicycles and cars at the 

same time: 0.6m for the bike, 0.15m from the bike to the "lip of gutter", and 0.25m 

between the cyclist and where the vehicle would travel, leaving 3.3m for the 

automobile. Widths in excess of 4.6 meters have been found to encourage the 

operation of two automobiles in the same lane (City of Calgary, 2000). The wider 

lane is only occasionally marked (signed as such) and none of this type of 

signage occurs in Calgary. 

When cyclists are not present, motor vehicles are free to use the entire lane. 

Occasional car travel across the entire lane width tends to keep the area free 

from debris due to the sweeping action of car tires. Bicycle riders, not constricted 

to a painted section, are free to change lanes in order to turn or negotiate 

intersections (as they are expected to under the Motor Vehicle Act). 

This type of lane is no detriment to automobile traffic, is often integrated at little 

or no cost, and simply serves to provide the extra space without requiring 

passing car traffic to encroach on traffic in other lanes. It can even be seen as a 

benefit for larger vehicles, giving them more space on the road. In some cases, 

particularly bridges and roads built to older standards, it can be difficult to 

implement wide curb lanes at low/no cost because of a lack of available width. 

There are no official wide curb lanes in Calgary at this time, though several are 

under consideration, and several are currently wide enough to operationally 

function as such (as in Exhibit 2.4). 

2.4.4 Bicycle Boulevards 

The Bicycle Boulevard is a roadway that has been modified to enhance cyclists' 

safety and convenience, by identifying and signing a route much like a bike route, 
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and incorporating some design changes to discourage automobile throughput. 

These design changes might take the form of traffic diverters that discourage 

vehicle travel, re-oriented stop signs that encourage through bicycle traffic, or 

modifications to traffic lights that allow them to be controlled by cyclists. 

This type of treatment is typically applied along a quiet residential street that 

parallels a major auto-oriented artery or commercial avenue, attempting to 

provide cyclists with a pleasant alternative without excessively inconveniencing 

auto users through the reduction in capacity that design interventions on more 

heavily trafficked streets might cause (Mclintock, 1992). 

There are currently no Bike Boulevards in the City of Calgary. A Canadian 

example of this type of treatment can be seen in Vancouver. 

At this time, the only bicycle oriented design that the City of Calgary officially 

favours and has implemented in policy is Wide Curb Lanes, which are to be 

incorporated in new construction projects and lane re-striping initiatives where 

space is available. They are not identified as such with signage or other 

measures when in place. 

2.5 Factors that Affect Bicycle Use 

While bicycles are a highly efficient mode of transport, and bicycling for pleasure 

is a popular activity, there are certain universal factors that affect use levels, for 

transport or pleasure. Some of the following are particularly relevant in Calgary. 

2.5.1 Topography 

It is well known that destination-oriented cyclists will choose the route that 

requires the least amount of effort (Sorton & Walsh, 1994). The effects of this 

factor are highly dependent on the intentions of the individual, with some seeking 
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exercise while others value economy, ease, or directness, depending on the 

purpose of the journey. Cyclists wishing to minimize travel time and energy 

expenditure will choose the shortest or most level route, while those who choose 

to cycle for the cardiovascular benefits may take a circuitous route that involves 

hills or more picturesque surroundings. 

2.5.2 Land Use 

Density of development is one of the more important factors affecting overall 

cycle use for transportation, with low-density development acting as a 

disincentive to bicycle travel because of increased distances between points. 

Clustered high-density developments located near popular destinations where 

parking is scarce are the most likely locations for high volumes of bicycle 

commuting (Goodridge, 2001). 

2.5.3 Adverse Weather 

Harsh climatic conditions, such as extreme cold, rain, or snow, may deter some 

cyclists seeking pleasure or utility. There are however a certain number of 

cyclists in Calgary, as in many winter cities, who cycle year-round. The key is 

clothing and preparedness for the elements. 

2.5.4 Perceived Safety 

Perceptions of the relative danger of making a trip by bicycle will deter some 

users from making cycle trips, particularly those who are inexperienced cyclists 

or who are unfamiliar with the street network. 
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2.5.5 Available Transport Facilities 

The availability and quality of reasonably direct cycle-compatible facilities will 

affect the number of people using bicycles for transportation purposes. While 

bicycles are generally compatible with automobile oriented facilities, the 

presence of automobiles on those same facilities will affect bicycle use levels. 

The compatibility of facilities for use by cyclists is also important. For example, 

narrow lanes will deter cyclists. This specific aspect is the focus of this study. 

2.5.6 Destination Facilities 

Bicycle theft is a universal concern, meaning that devices must be provided at 

destination points that will allow cyclists to lock or store their bikes (Richards, 

1990). For commuter cyclists, facilities such as showers and lockers at the 

destination point are also desirable. 

2.5.7 Cultural Perceptions 

Use of the bicycle is common and accepted in many parts of the world, notably 

China, India, and much of Western Europe. In other countries and for various 

reasons, cycling is seen as a mode for the poor or disadvantaged. It is not known 

how cycling is perceived in Calgary, nor to what extent this factor affects use 

levels. 

2.5.8 Other Transportation Options 

The existence of other transportation options influence to what extent any mode 

is used. In areas with well developed transit systems for example, the relative 

attractiveness of using bicycles for transportation may be diminished. 

Conversely, if roads are highly congested, and destination parking expensive, 

cycling becomes more popular as it can compete with car traffic and transit in 
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terms of speed, while offering additional economic incentives (McClintock, 1992). 

Similarly, the addition of bike racks to transit vehicles has been seen to increase 

bicycle use, as people are able to extend their commuting distances or make 

simple connections that allow for effective cycle trips using more than one mode. 

A number of factors affect levels of bicycle use. This study is limited to the 

evaluation of existing streets and intersections for the purposes of bicycle travel. 

2.6 Review of Regulatory and Policy Frameworks at the 

Municipal and Provincial Levels 

Both the Province of Alberta and the City of Calgary have legislation that affects 

the legal status of bicycles and the rules under which they may be operated in 

this city. They are both reviewed below. 

2.6.1 Regulatory - Provincial 

2.6.1.1 The Highway Traffic Act 

The Highway Traffic Act, R.S.A. 2000, Chapter H-8 as amended, is the provincial 

statute governing the operation of vehicles on roadways. Important sections are 

those relating to how a bicycle is to be ridden, and how it is treated under the 

law. 

A bicycle is defined as something that is human or mechanically powered (with 

less than 750 watts of power) with two or more wheels. The most relevant 

sections of the Alberta Highway Traffic Act, for the purposes of this paper, are: 

Section 144 (a & b), prescribing that 

"...a person operating a bicycle or motor cycle on a highway (a) has all the 

rights, and (b) is subject to all the duties... of a driver..." 
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and 

Section 146 (2) prescribing that 

"A person who is operating a bicycle on a highway shall ride as near as 

practicable to the right hand curb or edge of the roadway". 

(Highway Traffic Act, 2002) 

The first section above makes it clear that cyclists must conduct themselves in 

the same manner as automobile drivers with respect to signalling, maximum 

speed, and other relevant rules of the road. The second section further refines 

the issue of where on the roadway a cyclist is permitted to ride, which is 

particularly important in Calgary and for the purposes of this study. It should also 

be noted that cyclists younger than 18 years of age are required to wear a helmet 

under provincial regulations, as of 2001. For additional relevant sections of the 

Highway Traffic Act, see Appendix 1. 

2.6.2 Regulatory - Municipal 

2.6.2.1 Traffic By-law 

The City of Calgary's Traffic By-law (No. 26M96) Section 41 , expands on the 

general provincial regulations regarding highway traffic, making particular 

provisions for those areas within the city where cycling is restricted or otherwise 

regulated. 

The most salient points of the municipal legislation are simply that cyclists over 

the age of 14 are not permitted on sidewalks under normal conditions, and that 

cyclists are not to ride on the Deerfoot Trail, a major controlled-access freeway. 

For relevant sections of the Traffic By-law, see Appendix 2. 
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2.6.2.2 Parks By-law 

Pathways in city parks are governed by s.25 of the Parks By-law (# 36/37, latest 

revision in 2001), which states the rules of operation for cyclists and other users, 

including: 

• Qualified users (non motorized only) 

• Speed limits (20 km/h or as posted) 

• Obligation to keep right 

• Obligation to occupy no more than half the pathway at any one time 

• Requirement to give audible warning of overtaking 

• Requirement to yield to slower users and those already on the pathway 

(City of Calgary, 2001) 

Since recreational pathways permit cyclists, and most pathways are located in 

city parks, the parks by-law functions as a motor vehicle act of sorts which 

determines the rules of the road for bicycle operators on pathways. 

2.6.3 Planning Policy - Canada 

Cycling has been addressed by the national planning association, the Canadian 

Institute of Planners (CIP). This work builds on earlier work done in the United 

States and Europe on the inclusion of cycling concerns and standards in 

everyday planning. It advocates cycling in much the same way as the planning 

documents issued by municipal authorities, legitimizing it as part of urban 

networks, and encouraging planning for the inclusion of cyclist-oriented facilities 

in the transportation hierarchy. 
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2.6.3.1 Community Cycling Manual 

The CIP produced the Community Cycling Manual in 1990 as an aid to 

municipalities and planners seeking to include cycling concerns when designing 

transportation facilities. Key highlights include: 

• Assume every street is a cycling street; 

• Bicycle facilities form part of the greater transportation network and should 

thus be an integral component of any planning decision; 

• Encourage links between routes in order to make the network more 

attractive to cyclists; 

• Plan ahead for changes to the system. 

(Canadian Institute of Planners, 1990) 

2.6.4 Planning Policy - City of Calgary 

The City of Calgary has released several planning and policy documents, 

subsequently adopted by council, in the past 10 years that relate to bicycle 

transportation. These documents assess the current state of cycling in Calgary 

and the way it is viewed from an official standpoint. 

2.6.4.1 Transportation Plan 

Also referred to as the "GOPIan", this study was at the time the largest public 

participation process ever attempted by the City of Calgary. As statements of 

desired end results, the following points ("goals") were among the "guiding lights" 

in the development of the Transportation Plan (approved in 1995): 

SAFETY: To facilitate Calgarians' needs for travel in a safe, secure, convenient, 

and comfortable manner; 

CHOICE: To provide a transportation system which offers a choice between 

various means of travel; 
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ACCESSIBILITY: To ensure reasonable accessibility to all areas of the city for all 

citizens; 

RESPECTS ENVIRONMENT: To provide transportation services in a manner 

which seeks to nurture and enhance the quality of our living environment and 

natural amenities; 

EFFECTIVE, AFFORDABLE, EFFICIENT: To provide transportation services in 

an effective, affordable, and efficient manner; 

SERVE COMMON GOOD & INDIVIDUALS: To provide transportation services 

on the basis of the collective interests of all Calgarians while also being 

conscious of the interests of individuals. 

According to the plan, Calgarians want more mobility choices, especially 

pedestrian and cycling opportunities. Some "key policies" were stated to help 

ensure this happens, such as the following: 

• To encourage walking, the pedestrian environment will be a design 

element in all land uses and plans for roads, LRT, and transit facilities; 

• Cycling is recognized as a component of the City's transportation system; 

• Cycling will be promoted through education, provision of facilities, and 

enforcement of safety rules. 

(City of Calgary, 1995) 

It is stated that planning for the needs of cyclists and pedestrians will become an 

integral part of the transportation and area planning processes, while being 

incorporated and promoted as part of the General Municipal Plan and other 

implementation documents. 

2.6.4.2 The Calgary Cycle Plan 

The Calgary Cycle Plan, published in October 1996, "offers recommendations on 

a range of issues in response to the needs of cyclists and pedestrians in 
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Calgary". It was written in response to the growing popularity of cycling in 

Calgary and the resulting demand for bike programs and facilities. It was to work 

towards several goals of the General Municipal Plan, the Calgary Transportation 

Plan, and other documents such as the Sustainable Suburbs Study. 

The Cycle Plan includes a blanket policy statement, which seeks to introduce 

bicycles as a relevant, sustainable, and desirable mode of transportation 

endorsed by municipal government: 

That the City of Calgary recognize cycling as healthy, low cost, 

environmentally friendly transportation and recreation, and promote 

cycling through education, encouragement, good engineering 

design, enforcement, economic and environmental programs, 

policies and initiatives. 

(City of Calgary, 1996) 

The plan goes on to say that "The City must lead in promoting and facilitating 

environmentally friendly, cost effective, healthy transportation." An example of 

how this could be achieved would be to consider the impact of future 

transportation developments on pedestrian and bicycle transportation, like the 

need for wider curb lanes or mixed use overpasses. Overall these types of 

changes are proposed to be facilitated through engineering, enforcement, 

education, encouragement, and environmental type initiatives. See Appendix 3 

for excerpts from the Cycle Plan. 

With particular reference to the downtown core the Cycle Plan recommends that: 

...steps should be taken to identify several east-west and north-

south routes that would serve commuter cyclists' needs and could 

be retrofitted to accommodate them. 

(City of Calgary, 1996) 
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2.6.4.3 The Calgary Plan 

The Municipal Development Plan (a.k.a. the "Calgary Plan") is a statutory plan 

approved by Council in 1998, and incorporates policies from many earlier plans 

and documents. Key policy statements with relevance to this research address 

such issues as: 

• Transportation Demand Management; 

• Offering reasonable levels of choice with respect to transportation modes; 

• Providing facilities that allow these choices to be freely made. 

For all of the relevant points, see Appendix 4. 

2.6.4.4 Inner City Transportation Study 

The ICT study, originally begun in 1996 and approved by council in July 2000, 

was intended to provide a detailed review of transportation in the inner city, with 

a focus on improving transit access to the inner city, as well as making 

operational improvements to "network roads" (arterials). 

Certain highlights from the study that may affect cycling in the downtown include: 

• Recommendations that 2 n d and 5 t h Streets, 1 s t Street S.E. from Riverfront 

to 4 t h Ave, and Barclay Mall be returned to 2-way operation; 

• Permit cycling during low usage times on Stephen Avenue Mall 

• Recommendation for a cycle/pedestrian overpass over the CPR tracks at 

2 n d Street S.W. 

(City of Calgary, 2000) 
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The first of these recommendations has been acted upon in part: 2 and 5 

Streets S.W. south of 10 t h Avenue are being returned to two-way operation at the 

time of this writing. The second has been partially acted upon: cycling is 

permitted on the one-way section of Stephen Avenue Mall (8 t h Avenue) between 

6 PM and 6 AM daily, along with car traffic. The third has yet to be formally 

considered. 

2.6.4.5 Sustainable Suburbs Study 

This study, adopted by City Council in 1995, was intended to establish 

benchmark principles for sustainable design to be adopted for new suburban 

areas. Though certain goals and objectives have been rejected by council, it still 

stands as a document that affects policy planning with respect to cycling in 

Calgary. Key points include: 

• The objective of improving mobility choices for all suburban residents 

whether or not they own a vehicle; 

• Encouraging public transit, walking, and cycling for all types of trips, 

including travel to work; 

• Working towards providing bicycle routes that link community focal points 

with the regional pathway system and designing streets to safely 

incorporate cycling. 

(City of Calgary, 1995) 

2.6.4.6 The Calgary Pathway & Bikeway Plan 

The Pathway & Bikeway Plan was prepared for the City of Calgary by IBI Group 

in 1999 in order to better integrate the two systems (pathways, administered by 

the Parks department and Bikeways, administered through Transportation 

Planning), as well as to develop guiding principles for the planning, design, and 

implementation of same. Key findings of an incorporated literature review are: 
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• Travelling by bicycle generally has both a transportation and recreational 

element; 

• Bicycles can and will travel on almost all roads (except controlled access 

freeways), and should be planned for accordingly; 

• Public participation is essential in bicycle planning; 

• Bicycle and pedestrian issues must be addressed in all transportation 

plans and studies; 

• Awareness of cycle/pedestrian needs must be incorporated into the 

administrative system early on, and through every level. 

Another key finding relevant to cycling in downtown Calgary was its identification 

as an area of the city often referred to as a "gap" or missing link in the pathway or 

route network, according to citizens attending an open house and submitting 

general comments. 

2.6.4.7 Urban Parks Master Plan 

The Urban Parks Master Plan was approved by Council in 1994, and many of its 

recommendations made their way into the Calgary Plan. Among the 

recommendations that could directly affect cycling in the downtown core is: 

• Develop a bikeway on 2 n d Avenue through Eau Claire 

This recommendation has not been acted upon to date. 

2.7 Conclusions on Bicycles as Transportation in Canada 

Review of the regulatory and policy environment indicate that: 
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• Cycling is permitted on the road network; 

• Cycling is a valid and desirable mode of transport; 

• Cycling is a mode worthy of additional infrastructure and encouragement 

that would facilitate its use. 

It has been noted that there are currently no official recommended routes in the 

downtown core, though several policies recognize the need for such facilities. 

Given the need for designated routes in the core, the Davis model was employed 

in this study to identify those streets which could offer the most compatible 

routes. 
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3 Discussion & Adaptation of the Model 

This chapter discusses the ways in which cyclist compatibility can be measured, 

the way this was done for the purposes of this study, and the limitations of such 

measurements. It also describes the way in which data was gathered, and the 

factors that affect cyclist compatibility in Calgary. 

3.1 Measuring Roadway Conditions 

Studies of the operational condition of roadways are commonly conducted, most 

typically for the purposes of gauging the road's functional capacity for the 

throughput of vehicles. This is often referred to as Level Of Service (LOS) when 

investigated for automobiles, with ratings from A - F: A being light, free flowing 

traffic, and F representing gridlock. 

LOS was initially developed as a measure of crowding in order to determine the 

throughput of various street sections, and how much traffic they could carry. It 

became apparent that the traffic capacity of a road was only one of the important 

factors, the others being such factors as speed, travel time, freedom to 

manoeuvre, traffic interruptions, comfort, and convenience (Harkey et al., 1998). 

The United States Highway Capacity Manual defines LOS as: 

A qualitative measure describing operational conditions within a traffic stream, 

and their perception by motorists and/or passengers. 

(Highway Capacity Manual, 2000) 

LOS standards have also been developed for pedestrians on sidewalks, in 

elevators, and even in transit vehicles, using persons/square feet or per seat. 

These measures are again a factor of crowding and the perceived comfort levels 
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associated with density in that given space, and not the condition of that space 

before the addition of human traffic. 

For bicycles, LOS criteria are not defined in the Highway Capacity manual. 

Discussions of bicycles in the manual are primarily limited to the impact of bicycle 

traffic on motor vehicle LOS (Harkey et al., 1998). The study of the suitability of 

streets from the cyclist's perspective is sometimes referred to as LOS, but is 

more accurately described as a "Bicycle Compatibility" as it is an assessment of 

physical facilities and operating conditions, not traffic congestion or flow 

characteristics. This effectively means 'what the cyclist might expect to 

experience when riding on the roadway,' as influenced by a number of physical 

factors. 

The model used in this research represents just such a 'compatibility' type 

assessment, and seeks to define the operational condition based on how other 

factors affect the cyclist while the subject is sharing the roadway with other users. 

3.2 Measures of Cycling Conditions 

Several methods for measuring roadway conditions from the perspective of the 

cyclist have been developed. These can be divided into two major categories: 

those that measure the operational condition, and those that measure the 'stress 

level', or the perceived hazard to the cyclist when using the facility. This 

subsection reviews these two general types and describes why the Davis model 

(an operational one) was chosen for application in Calgary. 

3.2.1 Operational Measurements 

The Davis model was the first of the operational type modeling efforts, and it 

stimulated other modeling efforts to estimate cyclists' perception of the hazard 

inherent in the roadway design as well as the danger faced by sharing the 
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roadway with motor vehicles. This is done through quantitative assessment of 

streets and intersections, or such factors as roadway width, volume of traffic, 

speed of traffic, and surface texture. It may also include data such as the type of 

area, function of traffic controls, or other uses of the street such as parking 

availability. It allows planners the opportunity to quantitatively evaluate the 

condition of streets in their jurisdictions and accurately prioritize on-road bicycle 

projects. Two variations developed from the original Davis model are reviewed in 

some detail later in this chapter. 

3.2.2 Stress-Level Measurements 

The other method through which analysis of street sections is typically 

accomplished is the stress level type assessment. It is understood that cyclists 

seek to avoid conflict with motor vehicles, the noise and pollution that is 

produced by these devices, and the strain of having to concentrate for long 

periods while sharing facilities with users much larger and heavier than 

themselves (Sorton, Walsh, 1994). 

This type of assessment can be described as qualitative, as it relies on the user's 

perception of variables. Since there are many different types of cyclists, different 

skill levels and different roadways that may be taken, a large sample population 

of different potential cyclists is employed to 'rate' variables like lane width and 

traffic ferocity on particular road sections as recorded on videotape. Respondents 

are asked to indicate how comfortable they would feel cycling on that road using 

a rating scale of 1 -5. Thus, the results achieved are meant to be indicative of the 

different types of cyclists' perceptions of traffic conditions. 

The development of the stress-level type of model, while complicated to apply 

systematically, has been beneficial to the overall understanding of how factors 

experienced by street users can be weighted. It has helped to legitimize the 
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operational type model by lending credence to the manner in which values 

should be weighted for relative importance and then calculated mathematically. 

3.3 Model Choice for Calgary 

Both types of evaluative models, while utilizing different methods to achieve 

results, are based on similar assumptions: cyclists are subject to many roadway 

conditions, among the most important of which is the presence of other users on 

those roadways. They both recognize the fact that there are no empirical data 

available to exactly quantify the risks to or reactions of a cyclist. They both 

employ assumptions, and attempt to assign values to the factors thought to affect 

on-street cyclists. 

Operational methods employ assumptions about the danger posed by certain 

configurations and use levels, and return values that reflect what the average 

cyclist might expect while using a street or intersection. Conversely, 'stress level' 

type measurements return results that describe how users with different skill 

levels can be categorized based on their experience as cyclists. These types of 

measurements have also helped to identify the values that are used in the 

operational type models: essentially the two types of models seek the same 

general results through identification of the same factors, yet in very different 

ways. 

Both models have been used successfully: both have been proven to return 

results consistent with each other in that narrow, high traffic streets are rated 

poorly (Sorton, Walsh, 1994). However, the 'stress level' method is not as 

accurate at returning ratings for several locations that have only minor variations 

between them. 

Since the scale of this study was limited to a Masters Degree Project, and in 

keeping with the time frame and budgetary restraints inherent in such an effort, it 
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was decided that a project requiring video analysis by a large group of people 

with particular skills would be too large in scope. The operational method would 

return more easily applicable results for this city, with an appropriate level of time 

and effort expended. 

Among compatibility type models that seek to determine bicycle LOS, that 

developed by Alex Sorton of Northwestern University, called the Bicycle 

Compatibility Index (BCI) is the most widely known and publicized. In a major 

study, it was applied in three US states, using 200 participants who viewed video 

taken from a total of 67 sites. It is a very detailed assessment procedure, and its 

proper application is a large-scale undertaking. 

This particular model makes use of all the data collected in the Davis model but 

includes other information not readily available in Calgary, such as 85 t h percentile 

speed, the volume of turning movements, and street parking turnover. While the 

results achieved with this model are generally believed to be accurate, the 

complexity of its application was deemed to beyond the means of this 

researcher. 

3.4 The Davis Model 

The "Bicycle Safety Index Rating" concept was first developed by William Jeffrey 

Davis in 1987, at the time a student of Traffic Engineering at Auburn University 

(in Chattanooga, Tennessee). It was the first systematic attempt to measure the 

operational condition of a roadway from the perspective of a cyclist. It was 

developed to evaluate bicycle safety on existing streets, in response to frustration 

on the part of the engineering community trying to categorize the needs of 

cyclists, who tend to be a very non-homogenous group. It was also intended to 

determine the relationship between individual design elements and bicycle 

safety, from an engineering perspective (Davis, 1987). To this day the model has 
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potential for use as a tool to assess streetscape conditions for bicyclists, and it 

has been modified several times for different applications. 

The Davis model divides roadways into segments with similar physical and traffic 

conditions for assessment. Major (signalized) intersections are also assessed, 

using a different index. The original model is reviewed below. 

3.4.1 Roadway Segment Index 

The Roadway Segment Index (RSI) evaluates street sections with similar 

characteristics (longer streets can be broken down into similar sections), and 

considers variables such as average daily traffic, speed limits, and the sum of 

other factors like the condition of the pavement and number of lanes. 

RSI = [ADT/(L*2500)] + (S/35) + [(14-W) * 1.635] + I P F + I L F 

where 

ADT = average daily traffic, 

L= number of traffic lanes, 

S= speed limit (mph), 

W= width of outside traffic lane (ft), 

EPF = sum of pavement factors, 

I L F = sum of location factors. 

3.4.1.1 Pavement Factor Values 

Pavement factors are a series of points subjectively accessed for poor pavement 

surfaces and surface conditions that may present a hazard to cyclists. These 

factors are displayed below in Exhibit 3.1. 
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Factor Value 

Cracking 0.50 

Patching 0.25 

Weathering 0.25 

Potholes 0.75 

Rough road edge 0.75 

Curb and gutter 0.25 

Rough railroad crossing 0.50 

Drainage grates 0.75 

Exhibit 3.1. Pavement Factor Values 

3.4.1.2Location Factor Values 

Location related factors along the route are assessed, in order to adjust for the 

type of activity taking place on that street section or in the surrounding 

neighbourhood, and account for the increased number of hazards that might 

result. Location factors are a series of values assessed for road segments that 

contain conditions that contribute to the generation of cross traffic, limit sightlines, 

complicate or restrict the operation of bicycles and other vehicles. These factors 

are displayed below in Exhibit 3.2. 
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Factor Value 

Angle parking 0.75 

Parallel parking 0.50 

Right-turn lanes 0.25 

Raised median -0.25 

Center turn lane -0.25 

Paved shoulder -0.75 

Grades, severe 0.50 

Grades, moderate 0.25 

Curves, frequent 0.25 

Restricted sight distance 0.50 

Numerous drives 0.50 

Industrial land use 0.50 

Commercial land use 0.25 

Exhibit 3.2. Location Factor Values 

A lower RSI score indicates a better road for cycling. Unlike pavement factors, 

location factors are both positive and negative. Negative location factors indicate 

a feature that improves the quality of the roadway for cyclists, such as raised 

medians (which restrict left-turning cross traffic) and paved shoulders. 
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3.4.2 Intersection Evaluation Index 

Controlled intersections are assessed using a different formula, called the 

Intersection Evaluation Index (IEl) which considers variables such as the volume 

of traffic using the intersection, and the type of control present. A value is 

calculated using the following formula: 

IEI = [(VC + VR)/10,000] + [(VR * 2)/(VC + VR)] + I G F + I S F 

where 

VC = cross street volume (ADT), 

VR = traffic volume on route being indexed (ADT), 

I G F = sum of geometric factors 

I S F = sum of signalization factors. 

3.4.2.1 Geometric Factor Values 

Factor Value 

No left-turn lane 0.50 

Dual left-turn lane 0.50 

Right turn-lane 0.75 

Two through lanes 0.25 

Three or more through lanes 0.50 

Substandard curb radii 0.25 

Restricted sight distance 0.50 

Exhibit 3.3. Geometric Factor Values 
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3.4.2.2Signalization Factor Values 

Factor Value 

Traffic-actuated signal 0.50 

Permissive left-turn arrow 0.25 

Right-turn arrow 0.50 

Substandard clearance interval 0.75 

Exhibit 3.4. Signalization Factor Values 

As with RSI scores, a lower IEI score is better, and indicates a better route for 

cycling. Davis combined the RSI and IEI factors to derive a final value. This is 

calculated using an average of the means of the RSI and IEI values along the 

route in question. The intersection is assumed to be the area between the 

painted crosswalks, or the approximate equivalent. Any serious pavement 

deficiencies located within the intersection can be attributed to adjoining block 

sections if the assessor deems it worthwhile (as there is no provision for 

pavement factors in the intersection). 

3.4.3 Rating Categories 

The values derived for street sections, intersections, and that derived for longer 

streets (when several values are averaged together) are categorized so as to 

describe what conditions can be expected at that location. The categories 

originally devised for a case study in Chattanooga are described below in Exhibit 

3.5. Davis intended these four categories to provide a suitable range of findings: 

they were devised with the intent that a few roadways from his case study would 

fall into each category, thereby providing a range of findings and a general 

designation for each type of roadway (Davis, 1987). 
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Value Rating Description 

0-4 excellent extremely favourable 

4-5 good conducive, yet not unrestricted 

5-6 fair marginal desirability 

6+ poor questionable desirability 

Exhibit 3.5. Rating Categories for the Davis Model 

3.4.4 Factor Description 

Each factor bears further description. For details on how and to what standard 

these were applied in Calgary, see later in this chapter. 

3.4.4.1 Traffic Volume 

Higher motor vehicle traffic volumes represent a greater potential risk for cyclists 

as there are a higher number of necessary overtaking manoeuvres taking place 

(Wilkinson et al., 1994). For less experienced cyclists this represents a 

proportionately greater discomfort, as the perceived risk level is higher. It is 

therefore one of the most important and heavily weighted factors in the model. 

3.4.4.2Traffic Speed 

Vehicle speed is another important factor that proportionately affects cyclist 

comfort, with greater speeds representing greater discomfort, and greater 

potential risk. The most important factor with regard to speed is the differential 

between motor vehicles and bicycles. Increasing speed results in relative 

decreases in driver reaction time, as well as a decrease in the ability of bicycles 

to mix with auto traffic (Davis, 1987). 
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Speed differentials were found by the Federal Highway Administration to remain 

constant between ten (10) and fifteen (15) mph, up to a speed of approximately 

35 mph. (Smith, 1975). This means that the difference in observed speed 

between bicycles and automobiles was, on average, constant at between 10 and 

15 mph, but only when speeds were legally limited to 35 mph. (Above 35 mph, 

the speed differential increases). Additional research on bicycle accidents found 

that more than half of bicycle accident fatalities occurred on roads with a speed 

limit of more than 35 mph (Davis, 1987). This is the reason the break-point value 

in the speed factor part of the model is 35 mph. 

3.4.4.3Curb Lane Width 

Cyclists are required by law in North America to cycle on the right-most portion of 

the roadway, placing them in the curb lane. Measurements of curb lane width are 

therefore incorporated because of the effects this variable has on cyclist comfort 

and safety, as a driver must be able to pass a cyclist without changing lanes. An 

average cyclist takes up approximately 70 x 220 cm, and a lane width of 4.3 

meters has been identified as a minimum in which both an automobile and a 

cyclist can safely operate side by side at the same time (Richards, 1990). 

3.4.4.4Subjective Factors 

A subjective assessment of pavement and location related factors is used to rate 

the condition of the local roadway surface, and its suitability for cyclists. These 

values might occur anywhere along the segment, for example "Parallel Parking" 

is intended to account for the danger to cyclists from cars manoeuvring at the 

roadside. See later in this chapter for a detailed description of how factor severity 

was determined (at what point the values were assessed) for the purposes of the 

Calgary study. 
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3.4.4.5lntersections 

Criteria for the bicycle compatibility of intersections are designed to assess risk to 

the cyclist when passing straight through the intersection. Data points such as 

"Substandard Clearance Interval" refer to traffic signal timing that is potentially 

dangerous for cyclists, while values assessed for turning lanes or advanced turn 

arrows are intended to account for the relative danger these types of facilities 

pose. 

3.4.5 Limitations of the Davis Model 

The model has certain inherent limitations, due to its simplicity and desire to be 

easily applicable. It was designed to be administered by local or state traffic 

engineers using a combination of easily available (pre-existing) traffic data and 

simple field observations (Davis, 1987). 

The model has several problems which have been identified both by the original 

author and by others in the intervening years since it was first established, 

through its application in various settings. Davis himself admits that the effects of 

certain variables chosen have not been thoroughly addressed or defined by 

previous research (Davis, 1987). He relies on operational understanding of 

potential conflicts affecting the evaluation of mixed use vehicle facilities, as it is 

understood that a large amount of bicycle travel occurs on the existing street 

network: one often devoid of bicycle oriented features. 

The following are the most obvious limitations of the model, in order of 

importance. 
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3.4.5.1 Traffic Speed 

Particularly in urban settings, driver-perceived variations between streets with 

differences in lane width, local practices, or parking conditions may result in 

considerable disparities between posted speed and actual speed. The Davis 

model accounts for traffic speed by using the posted speed limit. Actual speed 

may vary however, depending on driving conditions, local practices, traffic 

volume, and the design of the roadway. 

Variations on the model have suggested use of the 85 t h percentile actual speed 

instead of posted speed limit as the most indicative of actual traveled speed 

(Harkey et al.,1998). Actual traffic speed is more accurate than posted speed, 

and would result in greater accuracy when applying the model. However, the 

challenges of data collection exercises necessary for gathering this information in 

the City of Calgary, as well as complications inherent in short block conditions 

and frequent traffic signals precluded actual speed being used in this study. 

3.4.5.2lntersection Frequency 

It has been pointed out that the model inaccurately calculates the danger 

inherent in conflicting travel paths, and does not take into account block section 

length or the frequency with which intersections occur (Epperson, 1994). The 

model was designed primarily for suburban (or perhaps typical) roads, which 

have long sections and few intersections. Downtown Calgary (and indeed any 

urban core setting) is quite different, as intersections occur every 50-120 meters. 

According to some studies of pedestrian accidents, the number of conflict points 

(where pedestrians and cars cross) is as important as the volume of vehicles or 

pedestrians moving along those conflicting paths (Epperson, 1994). Assuming 

that this is also true where bicycles are substituted for automobiles, the 

compatibility rating for streets would include not only the ratings for intersections, 
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but a factor to account for the frequency with which they occur, or a weighting to 

value the length of the block section relative to the length of the intersection. 

At this point it is still unclear whether street sections or intersections have a 

greater impact on the overall bicycle compatibility of a given street or avenue, or 

even how a useful weighting system could be devised. There is no simple 

method by which to calculate the relative importance of ratings for different length 

sections of street: they are rated equally when developing the overall value in the 

Davis model. For this reason, in this study they are also weighted equally. This 

specific point could be the focus of further research, as it is beyond the scope of 

this study. 

3.4.5.3lntersection Variation 

The model was originally intended to rate only intersections that can be crossed 

from one side to the other without turning, and not intersections that mark the 

beginning of a street (a T junction for example) or intersections requiring a turn. 

These cases, rather than being omitted (which could jeopardize the reliability of 

overall street ratings), are included with the understanding that their specific 

valuations are potentially less accurate. This is to say that it is not very clear what 

the implications to cyclists are when all traffic must turn, for example. 

3.4.5.4Parking Turnover and Occupancy 

The danger to a cyclist inherent in cars parked at the roadside has long been 

understood. Car doors may open unexpectedly, potentially encroaching on the 

space available to the cyclist, and vehicles must stop and manoeuvre at the side 

of the road in order to access or exit the parking spot, whether it is of the parallel 

or angle variety. The model accounts for the existence of parking on the road 

surface, and differentiates between the two types, but in urban conditions, a finer 

level of detail may be appropriate (Wilkinson, 1994). 
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Harkey et al. conducted an analysis of cyclists who viewed video footage of 

various street scenes. They found that the frequency of vehicles turning into or 

out of parking spaces was a factor not sufficiently addressed by the model. 

Based on their observations, parking meter time limits were the factor that had 

the most significant effect on the turnover of roadside parking. They propose an 

adjustment variable be added depending on the parking time limit, in minutes 

(Harkey et al., 1998). See Exhibit 3.6. 

Parking Time Limit Factor 

(in minutes) 

< 1 5 0.6 

16-30 0.5 

31-60 0.4 

61-120 0.3 

121-240 0.2 

241-480 0.1 

> 480 0.0 

Exhibit 3.6. Proposed Modifications for Parking Turnover 

This variable factor attempts to account for the fact that metered parking with a 

time limit of 1 hour will experience greater vehicle turnover than parking with a 

time limit of 2 or 3 hours, and thus present greater risk to the cyclist. Actual stays 

may in fact differ from what is permitted under the metering strategy however, 

and this method of accounting for parking turnover rates could therefore be 

inaccurate. 
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The model accounts for the existence of street side parking, but not whether it is 

used, or to what extent. Parking regulations are also time dependent, and 

parking may be allowed on some streets only at certain times. This can have a 

profound effect on the bicycle compatibility of a street. 

3.4.5.5Results Represent Average Conditions 

The results available from the Davis model are reliant on the accuracy of 

standard traffic data. Traffic and parking patterns change over the course of a 

given day, month, or year, and it must be specified at which point in the day any 

results are most valid. 

Traffic and roadway conditions are measured as a function of the average that 

can be expected, typically during daylight and business hours. Conditions 

experienced by a cyclist may be considerably worse at the peak hour, and better 

on weekends or at night. As such, results must be qualified, as they are an 

indicator of conditions at a certain time. 

A round of sensitivity testing was undertaken, using a modification of Average 

Daily Traffic data supplied by the City of Calgary to simulate the conditions at the 

peak hour. This was done only for the six routes recommended for bicycle travel 

in the core, and is meant to describe the conditions during the worst hour on the 

streets that normally rate the best under average conditions. For this data and 

the calculations used to achieve the peak hour ratings, see Appendix 8. 

3.4.5.6Drives 

Cyclists face the same danger of conflict as cars, with vehicles turning into or out 

of parking garages, alleyways, or other driveways. The potential hazard of 

vehicles accessing the roadway is addressed by Davis as the factor called 

"Numerous drives". The danger represented by roadway access points is a 
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problem faced by automobiles as well, and was one of the factors that led to the 

creation of limited access freeways: access points raise the number of potential 

conflict points and therefore the possibility of accidents. Turning movements of 

vehicles affect streams of bicycle traffic in addition to conflicts normally presented 

by opposing vehicles or pedestrians (Khisty, Lall, 1990). 

While the model accounts for the danger posed by the access points per block, 

the volume of traffic accessing the roadway through these drives differs by 

location and over time. Neither of these factors is addressed by the model, nor 

what the term "numerous" was originally meant to represent (the relative number 

of drives is represented, but their respective use levels are not). 

3.4.5.7Right-turning Traffic 

The number of cars turning right to or from the through street at intersections 

affects safety and comfort of the rider, for the same reasons stated under the 

"Drives" section above, and also because the rider is typically in the right lane. At 

intersections, the factor "numerous drives" does not apply, as turning cars are 

accessing a connecting street, but are not accounted for in the intersection part 

of the model. When a vehicle is turning right, it must potentially yield the right of 

way to a cyclist, which has been documented to be a hazardous condition (Davis. 

1987). The existence of a right turn lane is noted in the model, but not its 

frequency of use (though it can be expected that the existence of a painted right-

turn only lane indicates that there is a large amount of right-turning traffic). 

3.4.5.8Traffic Mix 

The presence of heavy vehicles such as buses, trucks, or recreational vehicles 

can have a negative impact on the comfort of cyclists. These types of vehicles 

are typically wider and taller than regular cars, displacing more air, and causing 

unpredictable wind blasts for cyclists at higher passing speeds. Many cyclists will 
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alter their route choices to account for the presence of such large vehicles, and it 

is generally thought that the threshold is approximately 30 vehicles per hour 

(Wilkinson et al., 1994). This type of vehicle is not accounted for in the original 

Davis model, though it is generally understood that they contribute to uneasiness 

for cyclists sharing the roadway due to their greater size and noise production 

(Epperson, 1994). 

Harkey et al. identified that the number of trucks or heavy vehicles such as buses 

has an effect on cyclist safety and comfort, and accounted for them in their model 

with the following table. See Exhibit 3.7. 

Hourly Curb Lane Factor  

Large Truck Volume 

£ 120 0.5 

60-119 0.4 

30-59 0.3 

20-29 0.2 

10-19 0.1 

< 1 0 0.0 

Exhibit 3.7. Proposed Adjustments for Truck Traffic 

The presence of transit buses is perhaps of additional importance because they 

make frequent stops at the side of the road to load or unload passengers. They 

also travel in the curb lane, while their girth and blind spots could cause a hazard 

for cyclists. 
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3.4.5.9Lane Volume Differences 

In the model, curb lane volumes are assumed to be the same as other lanes. In 

reality, volume per lane is variable, depending on the number of lanes, traffic 

composition, local activity and land use, as well as the direction of traffic on 

cross-streets (particularly when cross-streets are one-way). Based on the writer's 

observations, traffic tends to spread across all available lanes. However, there is 

no easy way to measure the extent to which this occurs or its effect on cyclists. 

Increased traffic volume does have a slowing effect as traffic approaches 

gridlock, when vehicles slow, and following distance decreases. This could be 

seen as safer, as there is less of a speed differential between motorized and 

non-motorized users, yet it may also increase driver frustration which could have 

other safety implications. 

The tighter bunching of traffic also creates a more intense cycling environment, 

where there is less space for manoeuvring, which could make some cyclists less 

comfortable. The impact of these factors is not accounted for in the model, as it is 

again not easily definable. Increased vehicle density and crowding is just as likely 

to unnerve cyclists: this is another field that deserves further study. 

3.4.5.10 Directional Volume Differences 

Traffic data available from city transportation departments typically assumes a 

50/50 split by direction, which is not necessarily true in reality. For example, data 

supplied by the City of Calgary quantifies the traffic volume per block section, but 

makes no distinction as to traffic direction. Traffic volumes are assumed to be 

split 50/50 between directions, even in cases where there are more lanes 

traveling in one direction than the other. A review of some selected intersection 

count data from the City of Calgary confirmed this disparity. It is therefore one of 
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the limitations not addressed in the model, and could result in some distortion of 

the final values. 

3.4.5.11 One-way Streets 

One-way streets pose interesting conflicts for cyclists, such as the merging-

related difficulty in executing a left turn arising from the need to cross from the 

right-most lane to the left-most or second-left-most lane. Differences in speed 

between cyclists and motorized traffic exacerbate the difficulty in changing lanes. 

The lack of opposing traffic conversely makes straight ahead travel at 

intersections easier on one-way streets, as there are no opposing vehicles 

potentially turning left across the cyclist's path. The existence of one-way streets 

and their effects on cyclists are not accounted for in the model. 

Calgary has four one-way thoroughfares (4 t h , 5 t h , 6 t h and 9 t h Avenues) where the 

signals are timed using the "Progressive system" to the speed limit across 

downtown, which allows vehicles to travel at a uniform speed without stopping 

(Khisty, Lall, 1998). This setup may encourage platooning, based on personal 

observation. The timing of traffic lights may also encourage the "tail element" 

(meaning the cars at the rear of the platoon) to reach higher speeds, attempting 

to insure passage through stale green lights (Tompkins, 2002). Conversely, 

those at the front of the pack may be induced to slow, so as not to hit stale red 

lights. The effects of this behaviour on cyclists are unknown and out of the scope 

of this study, since actual speed is not accounted for. 

3.4.5.12 Surface Material 

The model ignores differences in surface material composition such as the 

paving stones often found in urban areas that could have an effect on bicycle 

handling or manoeuvring ability. Only where obvious defects occur are those 
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effects noted: pavements that by design may pose a hazard to some users are 

not accounted for. 

3.4.5.13 Factor Change 

Certain factors that have a serious effect on the bicycle friendliness of a roadway 

are also very transient. Potholes for example are regularly repaired, and specific 

examples of such features photographed and rated during the fieldwork stage of 

this report had already been repaired at the time of writing. Similarly, repaving or 

re-striping is done at regular intervals in the City of Calgary, and changes to 

painted lane width or pavement texture affect the final ratings. 

3.4.5.14 Factor Clarity 

Original descriptions regarding the application of the model are not specific 

enough for uniform application between cities. The model relies on subjective 

assessments of the severity of pavement factors in particular, making even data 

collection done by different researchers difficult. A detailed description of the 

following factors is necessary in order to define them more clearly. 

Pavement factors needing clarification or definition in the Davis model include: 

-"Cracking" 

-"Weathering" 

-"Potholes" 

-"Rough Railroad Crossing" 

-"Drainage grates" 

With regard to Location factors, clarifications may be necessary on the following 

points: 

70 



Chapter 3 
Discussion and Adaptation of the Model  

-"Restricted sight distance" 

-"Numerous drives" 

-"Land Use " 

With regard to Intersections, clarifications may be necessary on the following 

points: 

-"Substandard curb radii" 

-"Substandard clearance interval" 

-"Permissive left-turn arrow" 

3.4.5.15 Factor Location 

Placement on the road surface of these elements (pavement hazards in 

particular) is not addressed. For example, a pothole on the right side of the right

most lane would be of concern to the typical cyclist, yet the same pothole on the 

left side of a center lane would not often be in the line of travel, and thus be of 

little importance, at least theoretically. This type of clarification is needed for 

more uniform application of the Davis model. 

3.4.6 Other Variations on the Davis Model 

The Davis model has been modified and applied on several occasions, two of 

which have been reported in academic literature. Each is discussed briefly below: 

3.4.6.1 Florida Roadway Condition Index 

In the late 1980's the Florida Department of Transportation coordinated a joint 

application of two variants of the Davis index, calling them the Roadway 

Condition Index (RCI) (Epperson, 1994). 
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Both applications of the index eliminated the IEI and averaging of individual road 

segments into an overall value, instead rating each section independently 

(Epperson, 1994). This approach worked satisfactorily for the suburban and ex-

urban conditions to which they were applying the model. 

The Location and Pavement Condition values were modified in both applications 

so that they played smaller parts in the determination of segment scores. In one 

of the applications, the Davis RSI was altered to place greater weight on 

segments where high vehicle speeds and narrow lane widths occurred 

simultaneously (Epperson, 1994). This was accomplished by multiplying the 

speed value with the lane width value, drastically increasing the rating on 

sections that combined both narrowness and high speed (Epperson, 1994). 

The denominator used by Davis in the speed limit term was also decreased by 8 

km/h, from 56 km/h to 48 km/h, which increased the effect. To then compensate 

for the modification's tendency to inflate the final value, the denominator for 

Average Daily Traffic was raised from 2500 to 3100, the upper limit of automobile 

LOS C for 2 lane collector roads in Florida. 

The Modified Davis formula looks like this: 

RCI = [ADT/(L * 3100)] + (S/48) 

= {(S/48) * [(4.25 - W) * 1.635]} + EPF + I L F 

where 

ADT = average daily traffic, 

L= number of traffic lanes, 

S= speed limit (mph), 

W= width of outside traffic lane (ft), 

EPF = sum of pavement factors, 

I L F = sum of location factors. 
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The two variations were compared side by side in a few instances, and the 

differences in final scores were not large (Epperson, 1994). The lesser modified 

version was the easier one to apply, particularly in situations where specific lane 

width data was more difficult to gather. The more modified version was reported 

to more accurately capture the combined effects of small changes in two or more 

variables simultaneously, particularly for smaller segments experiencing more 

frequent changes in road characteristics. 

3.4.7 Dade County Bicycle Facilities Plan 

A modified version of the Davis index was applied in Dade County, Florida, in 

1993. Also called the Roadway Compatibility Index (RCI), the formula looks quite 

different, and the factors are much simplified, yet it reveals similar results to the 

Davis model. 

RCI = [ADT/(L * 3100)] * (S/48) * (4.25/W) * 

[(1 + .HV)] 1.8 * [1 + (0.03 * PF) + (0.02 * LF)] 

where 

ADT = average daily traffic, 

L= number of traffic lanes, 

S= speed limit (mph), 

W= width of outside traffic lane (ft), 

HV= Heavy vehicles 

I P F = sum of pavement factors, 

I L F = sum of location factors. 

73 



Chapter 3 
Discussion and Adaptation of the Model 

Factor Value 

Excellent Pavement Surface 0 

Good Pavement Surface 1 

Fair Pavement Surface 2 

Poor Pavement Surface 3 

Exhibit 3.8. Pavement Factors used in Dade County 

Factor Value 

Little cross-traffic generation 1 

Moderate cross-traffic generation 2 

Heavy cross-traffic generation 3 

Exhibit 3.9. Location Factors used in Dade County 

The pavement and location factors are each assigned a value of 0.02 or 0.03, 

and their sum is then multiplied by the remainder of the RCI term. This change 

was made to prevent these factors from weighing proportionately more during 

calculations that involved street sections that had better (lower) scores in the 

important characteristics of traffic speed, volume, and right-lane width. 

The roadway width term was modified to include such width-enhancing measures 

as bike lanes and paved shoulders, because it was felt to be better represented 

this way than as a pavement factor value. It would now consider values greater 

than 4.25 meters, which previously would have resulted in negative numbers, but 

return proportionately less benefit as widths surpassed this number, accurately 

reflecting the decreasing desirability of excessively wide lanes due to the 

accumulation of road dirt and debris. 
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Where the Davis model adds traffic volume, speed, and lane width together, this 

modification multiplies these three values. This allows the use of an "exponential 

scalar" (1.8) which accentuates changes to the index at the top and bottom of the 

range. This was done to "improve the fit" of the index on low volume roads 

without significantly distorting the evaluation of roads closer to the urban core 

(Epperson, 1994). The ratings for the Dade County approach, as outlined below 

in Exhibit 3.10, are slightly different from Davis' original scale. 

Value Rating 

0-3 excellent 

3- 4 good 

4- 5 fair 

5+ poor 

Exhibit 3.10. Dade County Rating Scale 

3.5 The Davis Model Modifications for Calgary 

The following describes the version of the Davis model used in this case study: 

how it was modified for greater accuracy in urban conditions, simplified for 

application to the Calgary study area, and further detailed for more even 

application in other jurisdictions. 

3.5.1 Roadway Segment Index (RSI) 

RSI = [ADT/(L*2500)] + [(4.25-W) * 1.635] + TTV + EPF + I L F 

where 

ADT = average daily traffic 

L = number of traffic lanes 
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W = width of outside traffic lane 

TTV = truck traffic value 

I P F = sum of pavement factor values 

I L F = sum of location factor values. 

Truck Traffic Values 

% Trucks Value 

> 1 5 0.75 

10-15 0.50 

5-10 0.25 

< 5 0.0 

Exhibit 3.11. Truck Traffic Values 

Pavement Factor Values 

Factor Value 

Cracking 0.50 

Patching 0.25 

Weathering 0.25 

Potholes 0.75 

Ridging 0.25 

Rough railroad crossing 0.50 

Drainage grates 0.75 

Exhibit 3.12. Pavement Factor Values 
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Location Factor Values 

Factor Value 

Parallel parking 0.50 

Right-turn lane (s) 0.25 

Grades, moderate 0.25 

Drives (each) 0.25 

Commercial land use 0.25 

Exhibit 3.13. Location Factor Values 

3.5.2 Intersection Evaluation Index (IEI) 

IEI = [(VC + VR)/10,000] + [(VR * 2)/(VC + VR)] + I G F + I S F 

where 

VC = cross street volume 

VR = traffic volume on route being indexed 

I G F = sum of geometric factors 

I S F = sum of signalization factors. 
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Geometric Factor Values 

Factor Value 

Right-turn lane 0.75 

Dual right-turns 1.0 

Two through lanes 0.25 

Three or more through lanes 0.50 

Substandard curb radii 0.25 

Exhibit 3.14. Geometric Values as applied in Calgary 

Signalization Factor Values 

Factor Value 

Substandard clearance interval 0.75 

One or two-way Stop sign 0.50 

Exhibit 3.15. Signalization Values as applied in Calgary 

The rating Categories (poor, fair, good and excellent) remain the same as in the 

original Davis model, as they continued to allow representation across the 

spectrum of streets analysed in Calgary. 

3.5.3 Description of Modifications for Calgary 

The following are a list of the modifications made to the Davis model for 

application in Calgary. They reflect changes that were needed because of unique 

traffic conditions in the study area, and criticisms that have been made of the 

model in academic literature. 
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3.5.3.1 Truck Traffic Value 

After preliminary qualitative assessments, and after discussions with other 

researchers, it was decided that assessing a punitive value for truck traffic was a 

logical improvement to the model, due to this type of vehicle having a possible 

negative impact on cyclist comfort and compatibility. This value is assessed on 

street sections. 

This type of punitive valuation was judged to be more appropriate than assessing 

a penalizing number for the presence of city transit buses. There was assumed 

to be a calming effect on other traffic due to buses frequent stops and low 

speeds, effectively negating their danger to cyclists. The number of city buses 

using each section of street for portions of their regular route was calculated for 

comparative purposes, and is included in the spreadsheet but not factored into 

the model. 

The percentage of truck traffic at each intersection was available from the City of 

Calgary, and incorporated in the model, with values assigned for frequency 

groupings as follows: 

% Truck Traffic Value 

> 1 5 0.75 

10-15 0.50 

5-10 0.25 

< 5 = 0.0 

Exhibit 3.16. Model modifications: Truck Traffic as a percentage of total traffic 

This grouping schedule was broad enough to be used across all streets, and was 

judged able to effectively categorize variations in truck traffic. Trucks were 
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defined by the City of Calgary as any commercial vehicle with six or more tires 

(buses excepted). 

3.5.3.2Access points 

Davis accounts for the number of conflicting travel directions by assessing a 

negative value to sections that had "Numerous drives", which has been renamed 

Access Points in this report. This factor was further refined for Calgary 

application by counting the actual number of curb cuts to numerically account for 

the potential danger posed to cyclists from traffic leaving and entering the 

roadway. No attempt to quantify the number of vehicles using each access point 

was made, as this was deemed to be beyond the scope of this project. This value 

was assessed on street sections. For more detail, see the discussion in this 

chapter under Standards. 

3.5.3.3Ridging 

After discussion with a Traffic Engineer at the City of Calgary, it was decided to 

include ridging as a pavement factor that might negatively affect cyclists. This is 

the phenomenon which occurs frequently at bus stops and occasionally at stop 

lights, where pavement is compressed by repetitive vehicle traffic, and ridges 

develop on the surface. It is assessed on street sections at the same value as 

the other minor pavement defects: 0.25. 

3.5.3.4Dual right-turn lanes 

Dual turning lanes are a hazard to cyclists because the right most lane is 

required to turn, while the second right-most lane has the option of turning. This 

means the cyclist must change lanes, and then insure that vehicles potentially 

sharing this lane do not turn right and cause a conflict. There are several 

examples of dual right-turn lanes in Calgary: they were assigned a value slightly 
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higher (1.0) than simple right-turn lanes (0.75). (Note that intersections having a 

dual right-turn lane necessarily have a right turn lane as well, to prevent conflicts. 

Only one value was entered - never both 0.75 and 1.0). 

Note that the factor "right turn lane" appears in the value calculation for both 

street sections and intersections. The existence of right turning vehicles is clearly 

a danger to through cyclists both in a general sense (right turn lanes for street 

sections, or the area leading up to the intersection) and specifically at 

intersections (right turn lane, dual left turn lanes for oncoming vehicles, and dual 

right turn for those proceeding in the same direction as cyclists). The added 

complication of this level of evaluations was thought to be necessary in order to 

quantify the danger that might face cyclists in these two different types of 

situations. The value for dual right turns is assessed at intersections. 

3.5.3.5Clearance Interval 

Because of the complications that arise when attempting to calculate clearance 

interval timing that is accurate for cyclists (as discussed later in this chapter), the 

punitive value of 0.75 has only been assessed to intersections that may present 

a specific hazard to cyclists. For example an uphill grade crossing an 

intersection, or crossings of one way streets approaching from the right and 

presenting more than 2 lanes at the intersection. This value is assessed at 

intersections only. 

3.5.3.6Stop Signs 

Quantifying the danger to cyclists at stop sign controlled intersections was a 

matter of some debate. There is a distinct difference between stop signs and 

traffic signals in that the former are user controlled and require some interaction 

(such as eye contact and right of way determination) between road occupants. In 

this way they are free of the reliance on engineering calculations that plague 
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clearance timing schedules, instead allowing road users to judge for themselves 

when it is safe to enter the intersection. Stop signs are also more likely to be 

found at low volume intersections with less than two lanes per direction, where 

the potential for accidents is also lower. 

Four-way stops require all vehicles to make a complete stop before proceeding if 

the way is clear. All vehicles are treated in the same manner under the law, 

regardless of their size or the number of wheels they have. Two-way or one-way 

stops require a lesser interaction among users, where one street has the right-of-

way and traffic on the others must wait for an opening. Cyclists face a greater 

risk in these situations, due to their lower speed and lesser visibility but the 

degree of that risk is unclear. 

While assessing the risk involved at different types of intersections is beyond the 

scope of this report, it was decided to assess values for stop sign controlled 

intersections on the basis of whether they were of the two-way or four-way 

variety: one and two-way stops received a value of 0.5, while three and four-way 

stop controlled intersections received no demerits. Other intersection factors 

were assessed in the same manner as signal controlled junctions. 

3.5.3.7Average vs. Median Values 

The use of averaging to calculate overall street ratings from intersection and 

street section values was called into question in the final analysis because it was 

thought to be statistically wrong. Use of the median value in its place was 

decided upon as a substitute that would allow outlying values to be discounted. 

This change in calculation method resulted in very little actual change to the final 

ratings, with 13/20 street section being rated marginally worse, and six sections 

becoming marginally better. None of the street sections recommended for bicycle 

travel changed categories (e.g. from "good" to "fair"). 
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3.5.4 Limitations of the Modified Model 

Not all possible changes were made to the Davis model to sharpen its focus and 

effectiveness for the Calgary context. The following is a list of possible changes 

not made, and the reasons why. 

3.5.4.1 Speed 

It has been suggested and stands to reason that actual traffic speed would be a 

more reliable indictor of speed than posted speed limits. 85 t h percentile speed 

has been used where detailed data is available. Others have suggested using a 

figure that represents a speed 10% greater than the posted speed limit, at least 

for sections of open road. In the Calgary context, with short blocks, high traffic 

densities, and a variety of vehicle types on the road, this estimation of actual 

speed was not thought to be accurate. In any case, the collection of speed data 

was thought to be too complicated and was therefore not attempted. 

3.5.4.2Peak Hour Traffic Assessment 

Epperson has suggested that this model be applied using traffic data for the peak 

hour, as this would represent conditions at their worst: conditions for cyclists 

could then be assumed to be to that standard, or better if travel was undertaken 

at off-peak times (Epperson, 1994). In the Calgary case, it was decided that due 

to changes in traffic flow characteristics related to available lanes and the 

differences this posed for AM vs. PM hours, average daily traffic data would be 

used in calculating compatibility. 

3.5.4.3Timed Lights I Short Blocks 

Calgary has two one-way avenues where traffic lights are timed through 

downtown, and optimized so that traffic traveling at 50 km/h does not have to 
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stop under low to medium traffic volumes. This condition, while efficient and 

convenient for through traffic, can be dangerous for cyclists because of the 

higher speeds which typically result from traffic platoons, where drivers are not 

required to stop at every intersection. According to Constable Tompkins of the 

City of Calgary Police Mountain Bike Squad, 5 t h Avenue is perhaps the worst 

example of elevated speeds (Tompkins, 2002). 

On other streets and avenues, drivers know they might be expected to stop at 

irregular intervals if the traffic signals are not in their favour, and based on 

personal observations, speeds are lower. Blocks are also sufficiently short in the 

downtown that the speed limit is unlikely to be breached, except by the most 

determined of drivers or on the avenues with timed traffic signals. 

3.5.4.4Number of Lanes 

On certain sections of several well connected streets in downtown Calgary, the 

peak hour opens more lanes to traffic. Street parking capacity is sacrificed in 

order to maximize throughput at rush hour. This complicates assessment using 

the model, because a street could theoretically have different ratings at different 

times of the day - as it is based, not only on the amount of traffic, but on the 

number of through lanes, and on the traffic composition and surface texture of 

the required cycling lane. An example would be how an HOVI Bus lane in the 

curb lane changes the dynamic for a cyclist. For this reason, the analysis and 

results reflect conditions on weekdays between 9 AM and 3PM. 

3.5.4.5Errant Pedestrians 

The eastern part of Stephen Avenue (8 t h Avenue between Macleod Trail and 3 r d 

Street S.W.) in downtown Calgary is closed to public vehicles including bicycles 

from 6 AM to 6 PM on weekdays in order to facilitate use as a pedestrian mall. 
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While cyclists are permitted to use the avenue after 6PM and many do so, auto 

traffic on this section is relatively light. 

Because the pedestrianized section lacks conventional curbs, incorporates many 

benches and other promenade-like features, and generally has a different finish 

level than typical downtown Calgary streets, pedestrians often stray into the 

center of the street, or cross illegally when the street is available for use by 

cyclists and motor vehicle drivers alike. There is no way to account for potential 

danger from pedestrian traffic and erratic crossing movements in the model. See 

Exhibit 3.17 for a view of Stephen Avenue during a period when cars are 

permitted. 

Exhibit 3.17. Stephen Avenue Mall (8 t h Avenue S. W.) 

(Photo source: Author) 
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3.5.4.6Unusual Streetscapes and Intersections 

Approaching downtown Calgary from the south poses particular challenges due 

to the existence of a surface rail line operated by Canadian Pacific. The 

importance of daily freight movements along this track lead to the construction of 

4 underpasses between 10 t h Avenue S.W. and 8 t h or 9 t h (depending on the block) 

Avenues. The busy underpasses are 4 lanes wide, both one and two direction, 

and include an elevated sidewalk (up to 3 meters above street level). 

At these underpasses, some cyclists use the street, and some the sidewalk. 

Signage at some crossings directs cyclists to share the sidewalk with 

pedestrians. Cyclists remaining on the street are faced with a slope into and out 

of the structures, darkness beneath the overpass, storm sewer openings and 

other barely visible pavement defects, as well as a concrete wall where the 

sidewalk is normally located. These special conditions may represent a stress for 

the cyclist which is not accounted for in the model, and complicates assessment 

of these street sections. The underpasses are not dealt with in any special 

manner under the Davis model. For a photo of this type of situation, see Exhibit 

3.18. 
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Exhibit 3.18. Cyclist using an underpass 

(Photo source: Author) 

3.5.4.7Special Restrictions 

The application of this model to streetscape conditions in Calgary is also limited 

in that it cannot be applied to every street and avenue in the study area. For 

example, 7 t h Avenue S.W. is closed to cyclists and public vehicles for use as a 

transit boulevard. Though it is sometimes used by cyclists, and may ideally form 

part of a cyclist's route in certain cases (in order to access certain destinations), 

public use of the street is illegal except when riding on a transit vehicle or walking 

on the sidewalk. For more details of which street sections and intersections were 

not assessed for this reason, see chapter 4. For a photo of this, see Exhibit 3.19. 
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Exhibit 3.19. 7 t h Avenue S. W., a Transit -Only Boulevard 

(Photo source: Author) 

3.5.4.8Weather 

The ratings ultimately assigned to a street are affected by changing weather 

conditions, which happen anywhere yet are particularly relevant in Calgary. 

Darkness, temperature, rain, fog, ice and snow all change how accessible the 

street is for cyclists, and potentially how car drivers behave. Calgary experiences 

extreme variations in temperature, precipitation, and hours of light in particular. 

Snow on the road for example will drastically affect the bicycle compatibility of a 

roadway, but how those effects are manifested is outside the scope of the model 

and this research. 
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3.5.4.9Localized Behaviour 

Regional variations in reactions to the presence of cyclists on the roadway, or 

differences in law enforcement and traffic law comprehension can affect the 

experience or safety of a cyclist on the road. For example, Calgary has many 

examples of multiple turn lanes, where there are as many as 3 lanes required or 

permitted to turn at an intersection. Under the Alberta Highway Traffic Act, it is 

permissible for the leftmost lane of a one-way street to execute a left turn at a red 

light. In practice however, drivers in as many as all 3 lanes might attempt such a 

manoeuvre. This is potentially dangerous for all road users (including 

pedestrians), but driver behaviour of any type is not accounted for in the model. 

3.5.4.10 Data Availability 

The model is also limited in its application to roads for which there is available 

data. Short sections of street in the Eau Claire area (northern fringe of the study 

area) have, for example, been ignored by the City of Calgary Traffic Operations 

Division when conducting regular traffic counts because they flow too few 

vehicles in a day. Such data gaps can ultimately doom the model or its accuracy 

for certain street sections. Simple variations in how the source data is gathered 

can also affect the final results. 

3.5.4.11 Variable Destinations and Skill Levels 

For certain destination points, a portion of the journey might require travel on a 

street with an undesirable rating, since not every street will meet every cyclist's 

standards. While a cyclist with average skills might interpret the ratings as an 

indication that most streets are safe enough, that individual's destination point 

may be on one of the few street sections that is not safe enough for personal 

preference. 
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3.5.4.12 Pathway-Downtown Transition 

A recent study found that 80% of cyclists coming from the northern part of 

Calgary use off-street, multi-use pathways to access the downtown, most 

commonly along the Bow River (City of Calgary 2000). A transition from these 

paths to on street riding must be made, and is usually made at the last possible 

point. Preferred transition points may or may not connect directly with streets that 

rate well using the model, and this could affect the usability or convenience of 

recommended routes. See Exhibit 3.20 for an example of how the pathway 

system is portrayed on a City map. 

Exhibit 3.20. Pathway Map 

3.5.4.13 Barriers 

Access to the downtown from the south is seriously affected by the CPR tracks, 

as described earlier. For the same reason that transitions from pathways to 

downtown streets may not be smooth, connections through the limited number of 

links across the CPR tracks to streets that rate well within the downtown core 

may not be ideal or convenient for cyclists. 
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3.5.5 Model Factors Not Applicable in Calgary 

The following is a list of factors from Davis's model that were found absent in the 

study area, and have been effectively omitted from the analysis. 

3.5.5.1 Pavement Factors 

Factor Value 

Rough road edge 0.75 

All but 3 road sections are curbed, and thus have a continuous edge. Those 3 

that have no curb permit parallel parking, thereby eliminating any detrimental 

effect to cyclists - there is no contact with the road edge, as these parking 

spaces are almost always occupied. 

Factor Value 

Curb and gutter 0.25 

(See above). 

3.5.5.2Location Factors 

Factor Value 

Angle parking 0.75 

All on-street parking in downtown Calgary is of the parallel type. 

Factor Value 

Raised median -0.25 

Negative values such as this exist in the Davis model to account for factors that 

are thought to be good for cyclists. Several very short sections of raised median 
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exist, but no left turns (short of U turns) are possible at these locations, 

effectively negating the median's ability to block left turn movements. For this 

reason, they were ignored. 

Factor Value 

Center turn lane -0.25 

There are no dedicated center turn lanes in the study area. 

F a c t o r V a l u e 

Paved shoulder -0.75 

At certain locations and under certain conditions, part of a parking lane may act 

as a shoulder. However, this factor was originally intended to assist in rural 

application of the model, and was ignored for the Calgary application. 

Factor Value 

Grades, severe 0.50 

Two sections of street have grades, but they were judged to be moderate in 

severity. 

Factor Value 

Curves, frequent 0.25 

The five sections of street with curves were judged to be infrequent in nature 

(while there is an obvious curve, it was not clear that the curve had any effect on 

cycling). They were noted in the spreadsheet, but play no role in the ratings. 

Factor Value 

Restricted sight distance 0.50 
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There were no street section locations identified that restricted sight distance in a 

meaningful way. 

Factor Value 

Industrial land use 0.50 

There is no industrially zoned land in the study area. 

3.5.5.3lntersections Factors 

Factor Value 

Restricted sight distance 0.50 

There were no intersections judged to have a restricted sight distance that would 

negatively affect cyclists. 

Factor Value 

No Left-turn lane 0.50 

This condition, applicable only on two-way streets that permit left turns, forces left 

turning drivers to wait for a gap in opposing traffic while standing in the middle of 

the road. This behaviour potentially blocks a travel lane, inducing following 

drivers to change lanes to their right in order to pass. This can be dangerous for 

cyclists, but this factor was omitted because there are no left-turn lanes 

anywhere in the study area. 

Factor Value 

Dual left-turn lane 0.50 
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The only dual left-turn lanes in the study area permit turning from one-way 

streets to other one-way streets, and there is thus no conflicting or facing traffic. 

(There are no situations where facing traffic might legally turn from two lanes 

simultaneously). 

Factor Value 

Permissive left-turn arrow 0.25 

Permissive left-turn arrows are simple green lights that allow opposing vehicles 

to execute a turn at their discretion. Because there are permissive left arrows in 

place at every signalized intersection in the study area, this factor was omitted for 

clarity. 

Factor Value 

Traffic-actuated signal 0.50 

All traffic signals in the downtown are timed. 

Factor Value 

Right-turn arrow 0.50 

There are no right turn arrows in the downtown core. 

3.6 Data Collection Methods and Standards 

As previously stated, the data for this project was collected during the summer of 

2002. The two sub-sections below describe how the data was collected, and to 

what standard. This is an important part of the discussion because the way in 

which the data is gathered affects the results and the factors at stake must be 
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described in some detail in order to properly account for variations in conditions 

city-wide and potentially between jurisdictions. 

3.6.1 Traffic Volume 

Traffic volume data from 2001 were provided by the City of Calgary, Traffic 

Controls Division. Volume data is collected manually (by summer students), with 

6 hour volumes recorded at all major intersections from 7-9 AM, 11-1 PM, and 4-

6 PM on one particular day in the summer. There are counts for every day of the 

year at two permanent count stations on the edge of downtown. The "seasonal 

adjustment factor" is the value at the permanent counting station divided by the 

average of all counts at that station for the year. This factor is used to adjust the 

values from the 6 hour count so that it reflects the average for the entire year. 

The value 2.6 is used to adjust the 6 hour count to a 24 hour total. For example, 

if 10000 vehicles were counted in six hours there were assumed to be 26000 for 

the whole day. (Staley 2002). 

On some of the less busy avenues (3 r d Avenue and 2 n dAvenue) as well as the 

streets that connect them, the City of Calgary was able to provide intersection 

counts that (minus the seasonal adjustment factor) were tabulated in the same 

way. The values for these streets are therefore less reliable, and subject to an 

unknown amount of error. The traffic volumes of these avenues are low, between 

5 and 20% of that on the better connected avenues such as 5 t h Avenue or 

9 t hAvenue. 

3.6.2 Curb Lane Width 

The typical standard lane width on roads downtown ranges between 3.5 and 3.7 

meters, while the standard on primary collectors and residential roads is 3.5 

meters (Personal Communication, Wong 2002). A parking lane is typically 2.5 

meters wide, which allows for the parked vehicle and opening doors; 3.5 meters 
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of striped width is required for a shared parking/driving lane. In Calgary, these 

standards are applied, with some exceptions. The details of these exceptions 

and the widths observed are described below. 

The outside traffic lane is the one cyclists are required to use, and therefore the 

one measured for the purposes of this report. The width was measured using a 

metric tape measure, from curb face to the center of the lane separator stripe 

(the width of the gutter pan was included in curb lane width measurements, 

typically about 15-25 cm). Some cyclists may disagree that this is usable width -

it depends on the finish and condition of the joint between asphalt and concrete 

at the gutter, as well as the height of the curb. Others assert that while this space 

might be usable, using it is dangerous. Including this width was considered 

important because of the number of dangerous drainage grates found in the 

gutter pan in downtown Calgary. For a photo of this type of grate, see Exhibit 

3.21. 
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Exhibit 3.21. Drainage Grate that could pose a danger to cyclists 

(Photo source: Author) 

In some cases, measured width varied along the length of the block. This was 

sometimes due to painted lane dividing stripes misaligned with the curb, or 

because of variations in curb alignment, where the curb might bump out towards 

the middle of the street at intervals that appeared to relate to the legal land 

division or when the adjacent building was built. A curb might also bump out to 

delineate the end of a zone where parking is permitted, or for traffic calming type 

purposes (corner bulbs). In these cases, the value for the narrowest point 

measured along the block was entered. (Any gravel (considerable at certain 

times of the year in Calgary) or debris accumulated at the curb was ignored). For 

a photo of this situation, see Exhibit 3.22. 
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Exhibit 3.22. Debris, variations in the curb alignment, and curb lane width 

(Photo source: Author) 

Complications arose because of discrepancies in lane striping techniques on 

some downtown streets that permit parallel parking. In some cases, a dashed 

line appeared to divide the street width into two lanes for example, yet the curb 

lane was filled with parked cars - 2.5 to 3.5 meters of width adjacent to the curb 

was available for parking. This type of arrangement (parallel parking) is very 

common in the study area, and typically at or near capacity - hence unavailable 

for travel. There was sometimes enough space left over for the operation of a 

bicycle to the right side of the dashed stripe (between the marking and the 

parked car), but this would depend on the width of the striped curb lane, the size 

of parked cars, proximity to the curb they were parked, and the preferences of 

the cyclist. On other otherwise identical streets, there are no lane markings, but 

the same overall width and the same parking regulations. 
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The question remained: how to measure the curb lane? Discussions with casual 

and experienced cyclists, traffic engineers, and bicycling researchers revealed 

that there were considerable differences of opinion in this regard. Some were of 

the opinion that the entire width of the road, including space typically used by 

parked cars, should be measured as it is all potentially available to cyclists. 

Others thought that a nominal width for parked cars and an allowance for a safe 

distance from them to avoid the potential "door prize" be deducted from the total 

width, wherever parking was expected to be occupied at greater than 30% (in the 

downtown, during business hours, this is everywhere) (Huculak, 2002). Yet 

others thought that where there was a painted dashed lane signifying a driving 

lane that is expected to be filled with cars during non-peak business hours (when 

this study was done), only the width of the available lane should be measured. 

This is what was done. For an example photo of this situation, see Exhibit 3.23. 

For more examples as well as discussion of the curb lane and its width, see 

Chapter 4. 
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Exhibit 3.23. Curb Lane conditions 

(Photo source: Author) 

3.6.3 Parking 

On-street parking exists on most street sections in the downtown, but varies with 

the hour and day of the week. This is one of the reasons why this model is limited 

in its applicability to off-peak hours on weekdays: certain sections of street allow 

parking on weekends or evenings in curb lanes that normally flow traffic; 

additional lanes are open to traffic at peak periods on weekdays. Parking was 

defined as curb-side spaces where it is legal to stop a car, whether that is 

qualified as stopping to park, unload, or stand, as do taxis. It should be noted that 

a considerable amount of illegal parking does take place in Calgary, as in any 

city. For a photo of this situation, see Exhibit 3.24. 
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Exhibit 3.24. Illegal stopping activity that may affects cyclists negatively 

(Photo source: Author) 

3.6.4 Number of through lanes 

The number of travel lanes on street sections, and the number of through lanes 

at intersections, was noted in the spreadsheet. This applies in each direction on 

two-way streets. Exhibit 3.25 demonstrates the number of available lanes on 5 l t 

Street S.W. 
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(Photo source: Author) 

For the purposes of application in Calgary, and after consultation with Dr. Jeff 

Davis, the following definitions for the more subjective terms were used in order 

to systematically evaluate Calgary streets and intersections. (Those terms below 

in quotes were originally not clearly defined by Davis - further clarification is 

done here). 

3.6.5 "Cracking" 

This factor was applied when cracks large enough to impair comfort or control of 

the bicycle existed on the street surface. These may have run along the length of 

the street or across it. Some were noted to be as wide as 3 cm, and some had 

been patched with new asphalt or with tar sealant. Anything that was eroded or 
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wider than approximately 3 cm, and deep enough to warrant evasive action by a 

typical cyclist was categorized as a pothole. 

3.6.6 "Weathering" 

This was noted to be present when the surface texture of the asphalt had 

degraded through aging or damage from snowplows or accidents. Again, only 

when such weathering was to the point of impairing control or comfort was it 

noted. (This was rare). 

3.6.7 "Potholes" 

Potholes were defined as deviations in the road surface caused by weathering or 

faulty construction that were large enough to warrant evasive action on the part 

of the cyclist. There were several examples of holes large enough to trap a 

bicycle tire and cause damage or an accident if evasive action were not taken. 

These were generally holes estimated to be larger than 10 cm across, but exact 

measurements were not made. See Exhibit 3.26 below. 
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Exhibit 3.26. Pothole on 6 t h Avenue S. W. that could affect cyclists 

(Photo source: Author) 

3.6.8 "Rough Railroad Crossing" 

Rough crossings were defined as a crossing of the Light Rail tracks on 7 t h 

Avenue S.W. whose approach or edge next to the rail had eroded to the point of 

requiring the cyclist to stand in the pedals in order to avoid discomfort or wheel 

damage. There were only a few cases of this. See Exhibit 3.27 below for an 

example of degraded pavements at the LRT tracks constituting a "rough railroad 

crossing". 

104 



Chapter 3 
Discussion and Adaptation of the Model 

(Photo source: Author) 

3.6.9 "Drainage Grates" 

These were defined as manhole covers or storm-sewer grates that warranted 

standing on the pedals or evasive action. Some were uneven with the blacktop. 

Others were the slat-type that may trap a bicycle wheel, causing an accident. 

Only those in the likely travel path that were deemed dangerous were noted and 

given values. For an example photo of this type of cover, see Exhibit 3.28. 
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Exhibit 3.28. Rough surfaced maintenance cover 

(Photo source: Author) 

3.6.10 Grade 

The two road sections with notable (approaching underpasses beneath the CPR 

rail line) exhibit approximately five degrees of slope. This was assessed as being 

moderate, and those street sections were given the corresponding penalties of 

0.25, whether the cyclist in that situation was ascending or descending the slope. 

The effects of grade on cycling compatibility were judged to be negative whether 

the grade was uphill or downhill, as speeds increase for all types of vehicles 

when going downhill, and the speed differential remains. While ascending 

grades, the differential between cyclists and motorized vehicles can be even 

greater. 
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3.6.11 Curves 

An excessive number of horizontal curves on a roadway (a subjective criteria) 

might decrease the sight distance, or increase the likelihood of erratic lane 

positioning on the part of cyclists or motor vehicles, causing conflicts. There were 

no street sections judged to have frequent curves. For a photo describing the 

typical severity of the slight curves found in downtown Calgary, see Exhibit 3.29. 

Exhibit 3.29. Slight curves on Barclay Mall (3 r d Street S. W.) 

(Photo source: Author) 

3.6.12 "Numerous drives" 

This factor was initially meant to describe access points onto the road being 

studied, such as driveways, or secondary roads controlled by stop signs. For the 
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Calgary study, all access points expected to be used regularly, such as 

entrances to alleyways, parking garages, or parking lots were counted as one 

unit. The number of units was totalled for each block section. Each curb cut was 

one unit, except in the few cases where that cut provided access to a single 

parking space (these were ignored). Each unit is equal to 0.25 in the modified 

Davis model. For a photo of this situation, see Exhibit 3.30. 

Exhibit 3.30. Traffic entering from an Access Point or "drive" 

(Photo source: Author) 

3.6.13 Likely Travel Path - Pavement Factors 

For the purposes of this application, only potholes, cracks, weathering, or other 

pavement factors that were within the likely travel path of the cyclist were 

accounted for. Effectively, this was the right-hand lane, with emphasis on the 
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right half of said lane. It is also worth noting that some pavement factors 

(particularly uneven manhole covers) were noted to occur with more frequency in 

intersections than on street sections. Where applicable, the existence of these 

factors was attributed to the nearest street section, since pavement factors are 

not a part of the Intersection Evaluation Index. For an example photo of this 

situation, see Exhibit 3.31. 
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Exhibit 3.31. Pothole in the likely travel path of a cyclist - 4 t h Avenue S. W. 

(Photo source: Author) 
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3.6.14 Cross Street Volume 

The value for traffic volume on the cross street was calculated based on the 

vehicle volume (the volume approaching from both sides and averaged for the 

two adjacent blocks in cases of 2-way cross streets) in the single block sections 

approaching the intersection. In the few cases where the intersection is a "T" type 

junction and there was no traffic approaching from the side, this value was taken 

to be zero. 1998 Average Daily Traffic data (collected and calculated by the City 

of Calgary) were used throughout. 

3.6.15 Volume on Route Being Studied 

The traffic volume on the route being studied was the total of both directions in 

the block approaching the intersection, where applicable (on 2-way streets). As 

such, on one-way streets, the volume figures refer to traffic moving in the 

permitted direction only. Traffic moving in the direction counter to the cyclist is 

included as it poses a potential hazard due to conflicting left turn movements. 

These are again 1998 data as collected by the City of Calgary. 

3.6.16 Turn Lanes 

Turn lanes are defined as locations where the traffic in one lane must turn. The 

value assessed for this condition differs between street sections and 

intersections, to account for the difference in risk that is experienced by cyclists. 

The risk to a cyclist while travelling on a block section arises from the need to 

change lanes in order to legally proceed straight through an intersection with a 

dedicated turning lane leading up to it. The risk to a cyclist while in the 

intersection arises from vehicles in the second lane that is also typically permitted 

to turn, and might strike a cyclist located immediately to their right, in the blind 

spot, or approaching from the rear of the vehicle. There is also a risk from 
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oncoming traffic turning left, particularly from dual turn bays. There are no 

examples of oncoming dual turn lanes in downtown Calgary. 

3.6.17 Dual Turn Lanes 

Calgary has many examples of dual turn lanes on one-way streets, to both the 

left and right. There a few triple left turn lanes as well. The leftmost or rightmost 

lane in these (dual) cases must turn, and the adjacent lane has the option of 

turning or continuing through. The right turns in particular present challenges for 

the through cyclist, who must legally change lanes from the right-most (which 

must turn) to the second right-most, from which he or she can proceed straight 

ahead. It is also prudent for the cyclist to 'claim' the whole lane when executing 

this procedure, in order to avoid conflict with a motorist who has opted to turn 

from the second from right-most lane. 

An additional complication in Calgary are a few examples of the above type of 

turn lane arrangements alternating from side to side at every block, in order to 

connect with one-way streets running across. These situations demand extra 

care on the part of the cyclist, but were not accounted for in the model as the 

danger they may present is not easily defined. This could perhaps be a point of 

further research. For a photo of this situation, see Exhibit 3.32. 
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(note a triple turn lane in the background) 

(Photo source: Author) 

There are also a small number of dual right turns where the right-most lane has 

the option of turning immediately at the corner (into the right-most lane of the 

connecting street) or into another lane separated by a support column (in an 

underpass). These locations were assessed a value of 0.25 as they represent 

additional risk. See Exhibit 3.33 for a photo of this situation. 
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Exhibit 3.33. Dual Turn Lanes with two turn points from the leftmost turn lane. 

Example is 9 t h Avenue S.W. turning south onto 1 s t Street S.E. 

(Photo source: Author) 

3.6.18 Number of Through Lanes 

The number of painted lanes that proceed directly through an intersection reflects 

the complexity of that intersection, and they were counted for inclusion in the 

model. More lanes are assumed by the Davis model to represent more danger to 

the cyclist. Two through lanes, and three or more through lane conditions are 

both assigned values that penalize these conditions more than single lane 

situations. The number of lanes refers to the number in one direction only; where 

a lane was signed to permit both turning and through movements, it was 

considered as a through lane. 
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3.6.19 "Substandard Curb Radii" 

"Curb radius is the radius of the circle formed by the curve of the curb at the 

corner" (American Society of Civil Engineers 1990). It is literally the sharpness of 

the corner of two intersecting streets. It affects turning speeds, and reflects the 

type and volume of expected traffic turning at that intersection. 

This was defined by Davis as intersection criteria for curb curvature of less than 

15 feet (4.57meters). A radius with a larger curvature promotes high-speed 

cornering, and increases the incidence of "rolling stops", while smaller radius 

corners increase the incidence of vehicles driving over the curb (American 

Society of Civil Engineers 1990). 

Davis considers corners exhibiting radii of less than 15 feet to be too sharp, thus 

excessively slowing cornering traffic. There were a few intersections in Calgary 

where right-turning traffic could have been affected in this way. For a photo of 

this situation, see Exhibit 3.34. 

It is a matter of some debate as to whether sharp corners which induce lower 

cornering speeds have positive or negative effects for cyclists. Higher cornering 

speeds might actually prove to be more dangerous for cyclists who contact 

another vehicle: that vehicle will be less able to stop or manoeuvre to avoid a 

potential accident. With respect to pedestrians on the sidewalk or crosswalk, 

slower moving vehicles are considered to be a good thing, yet substandard curb 

radii can cause vehicles with longer wheelbases to jump the curb at the corner, 

putting pedestrians in the path of the vehicle. 
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Exhibit 3.34. Substandard Curb Radius at NE corner of 6 t h Avenue and 6 t h Street 

S. W., causing vehicles to slow excessively and sometimes jump the curb 

(Photo source: Author) 

3.6.20 "Substandard Clearance Interval" 

Clearance interval refers to the timing of traffic signals. It is theoretically applied 

to pedestrians, motorized vehicles, and any other vehicles legally using the 

roadway. Clearance interval is important when the signal to stop or go is 

mechanically operated, as intersection users rely on the signal to give them the 

legal right to occupy the space, rather than using their own eyes to determine 

whether it is safe to proceed. The way traffic signals operate, switching from 

green to yellow, then to red, allows for those already in the intersection to clear 

the space before allowing conflicting traffic to enter. 
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The duration of the yellow phase must be long enough to allow vehicles traveling 

at all legal speeds to come to a complete stop before entering the intersection, or 

safely proceed through the intersection during the yellow phase if they are too 

close to stop. The red interval (a period where all traffic streams face a red light) 

must allow traffic already in the intersection to clear it before any conflicting traffic 

is given a green light. 

The Clearance Interval is also relevant with respect to pedestrians crossing at 

the crosswalk: the beginning of the 'flashing red hand' phase serves to allow 

pedestrians just entering the crosswalk enough time to complete the crossing 

before auto traffic is given a green light. The length of the flashing red hand 

phase is based on a calculation of average walking speed and the width of the 

street, and is not detailed here. 

The duration of the clearance interval is relevant for cyclists because of the low 

speeds at which they travel (compared to auto traffic), as well as their reduced 

visibility relative to automobiles. If cyclists moved as fast as typical cars on the 

road, this would be less of an issue, as they could clear intersections at the same 

rate. However, cyclists typically ride at between 15 and 40 km/h (Wachtel, 

Forester & Pelz, 1995). This is below the rate at which cars travel, even in urban 

conditions with a posted speed limit of 50 km/h. 

Bicycle clearance conflicts, where a cyclist has insufficient time to cross a 

signalized intersection, are a significant cause of bicycle-motor vehicle accidents, 

accounting for 6% of urban car/bike collisions (Wachtel et al., 1995). These 

conflicts typically occur when a cyclist crossing a wide, multilane street carrying 

high-speed traffic, is struck at the far side of the intersection by a motorist who 

starts up or speeds up while traffic still clearing the intersection is hidden from 

view by vehicles in the inside lanes. 
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Cyclists are officially treated as if they were automobiles, both when calculating 

vehicle flow volumes, and signal clearance intervals (Teply, 1995). Teply also 

states that "Practical experience indicates that amber intervals and all-red 

periods adequate for motorists are also adequate for cyclists" (Teply, 1995). This 

point has not reached ultimate agreement among transportation professionals. 

There are currently no official standards for signal timing to accommodate 

bicyclists, either in Canada or the United States. The Manual on Uniform Traffic 

Control Devices, (MUTCD) contains two sentences relating to this subject: 

"Bicycles generally can cross intersections under the same signal timing 

arrangement as motor vehicles. Where bicycle use is expected, extremely short 

change intervals should not be used and an all-red clearance interval may be 

necessary". This advice may be correct, but considering that bicycles may legally 

be used on almost any public road and can reasonably be expected to do so, it is 

potentially not practical or logical. It is also normal practice, in all Canadian 

jurisdictions, to include an all-red interval of at least 1 second (Teply, 1995). 

There are several different methods for calculating signal clearance timing. Two 

of them are reviewed here - that developed by a subcommittee of the California 

Bicycle Advisory Committee (CBAC) specifically for bicycle applications, and that 

used in Canadian municipalities (the method outlined in the Canadian Capacity 

Guide for Signalized Intersections). For the purposes of this project, both 

methods were applied to intersections in the study area, and the results 

compared. For details of how these models compare, see Appendix 5. 

Using the CBAC method for clearance timing calculation, recommended Amber 

Signal Clearance times are 1.94 seconds throughout downtown, shorter than 

what is currently in place (this is due to the low speed variable achieved by 

bicycles, and their consequent ability to make short stops).Yellow times should 

lie between 3 and 6 seconds, according to the MUTCD. Since the yellow time is 
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largely a measure of braking efficiency and bicycles compare favourably with 

motor vehicles in this regard, there is no conflict between the two results. 

All-red timing is a measure of clearing ability, and a function of vehicle speed and 

intersection width. The CBAC method results in red times of up to approximately 

13 seconds (for the slowest of cyclists, estimated to be travelling at 16 km/h and 

crossing an intersection 39.6 meters wide). The MUTCD results range from 1.35 

seconds to 4.4 seconds, depending on the width of the intersection. In Calgary, 

the minimum all-red is 1.0 seconds, and the typical all-red is 2.0 seconds (Grisak, 

2002). Based on calculations made by the author, the typical all-red is 2.5 

seconds in the study area. 

Excessively long red intervals have several problems: they may confuse drivers 

during the many signal cycles when no slow moving vehicles are in the 

intersection, they slow the progression of traffic, and they may encourage some 

habituated drivers to enter the intersection on the red, believing they are 

protected (Wachtel et al.,1995). Long red-phase signal timing is sometimes used 

at wide intersections, where the long phase is manually induced by a pedestrian 

wishing to cross. 

Since a cyclist requires a yellow time of approximately 2 seconds (to come to a 

complete stop) and all traffic lights in downtown Calgary are timed for at least 3.5 

seconds, a cyclist who must enter the intersection will normally obtain up to 1.5 

seconds of additional clearance time. Since most cyclists in the core are both 

likely to be familiar with the area and unlikely to be children, the chance of 

vehicle-bike conflicts is further reduced. 

From the perspective of a cyclist traveling in the right hand lane, the most 

dangerous situations calling for the longest red interval times are when crossing 

a very wide one-way street that approaches from the right, as traffic in the 

conflicting stream is closer, and visibility is more likely to be affected (Wachtel et 
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al.,1995). An example of this scenario in Calgary is a cyclist traveling north on 6 t h 

Street S.W., crossing 6 t h Avenue S.W. 

Road grades also affect cyclists in this matter, as they have a strong correlation 

with speed: uphill intersections will negatively affect a cyclist's ability to clear the 

intersection (though an uphill grade will also make stopping on the yellow phase 

easier). 

Because of conflicts of opinion in how red phases in particular should be timed 

for cyclists, it is impossible to say whether signals in Calgary are timed "correctly" 

or not. All intersections are currently timed correctly according to the Canadian 

Capacity Guide, and most assessed for this study appear to incorporate a margin 

of extra clearance time in addition to what the standards require. 

There are several examples of intersections such as the above mentioned 6 t h 

Avenue and 6 t h Street S.W., as well as a few grade affected locations where an 

uphill slope is likely to decrease average cyclist speeds and therefore lessen the 

ability of a cyclist to clear the space during the all-red interval. The locations 

where these specific geometric peculiarities have negative repercussions for 

cyclists are outlined on a map in Chapter 4. These locations are the only sites 

assessed the value of "Substandard Clearance Interval" in the Davis Model for 

Calgary due to the issues of timing calculation conflict as discussed. 

3.6.21 Land Use 

The purpose of differentiating between land uses in the model is to assign values 

to different types of areas to attempt to gauge user (and particularly driver) 

perception of the street and what type of environment one is likely in. While this 

factor is perhaps already addressed in the model by the volume of traffic present 

on the street, it was thought that the study area had sufficient diversity of use 
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(between largely residential and commercial) that further distinction was 

necessary. 

After discussions with specialists in the field, it was decided to differentiate 

between largely residential land use and largely commercial for the purposes of 

assigning values in the study area (there are no other types of land use, other 

than "mixed" or "public": these were both treated as commercial). In some cases, 

where the land use was commercial on one side of the street and residential on 

the other, or where the use was technically residential yet the character much 

more commercial oriented, a judgment call was made based on the vegetation 

patterns, ground level use typology, and street activity. Commercial use is 

penalized by a value of 0.25. See Exhibit 3.35 for the generalized Land Use in 

the Study Area. 

3.7 Conclusions on the Adaptation of the Model 

The Davis model is a relatively simple and easy to apply method of assessing 

roadway suitability for cyclists. Its many data points cover those situations which 

are commonly understood to affect cyclists, yet not all of them were needed for 

the purposes of this study. Certain changes were also warranted to streamline its 

application and allow for unique situations found in Calgary. The modifications as 

discussed in this chapter were incorporated into a modified Davis model, for use 

in Calgary. The results are set out and discussed in the next chapter. For a 

summary of the data points collected and those ignored in this case study, see 

Exhibit 3.36. 
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3.8 Summary of Data Categories 

3.8.1 Street Sections 

Pavement Factors Location Factors 

Factor Value Factor Value 

Crack ing 0.50 Angle parking 0.75 

Patch ing 0.25 Parallel parking 0.50 

Weather ing 0.25 Right-turn lanes 0.25 

Potholes 0.75 Raised median -0.25 

Rough road edge 0.75 Center turn lane -0.25 

Curb and gutter 0.25 Paved shoulder -0.75 

Rough RR cross ing 0.50 Grades, severe 0.50 

Dra inage grates 0.75 Grades , moderate 0.25 

Ridging 0.25 Curves, frequent 0.25 

Restricted sight distance 0.50 

Numerous drives 0.50 

Industrial land use 0.50 

Commerc ia l land use 0.25 

3.8.2 Intersections 

Geometric Factors 

Factor Value 

No left-turn lane 0.50 

Dual left-turn lane 0.50 

Right turn- lane 0.75 

T w o th rough lanes 0.25 

Three or more th rough lanes 0.50 

Subs tandard curb radii 0.25 

Restricted sight distance 0.50 

Signalization Factors 

Factor Value 

Traffic-actuated signal 0.50 

Permissive left-turn arrow 0.25 

Right-turn arrow 0.50 

Substandard c learance interval 0.75 

Dual Right Turn Lane 1.0 

One & two-way stop signs 0.50 

Exhibit 3.36. Factors in italics were omitted for Calgary, while those in bold are 

new for this case study. 
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The modifications made to the model are designed to simplify its application in 

the Calgary context by removing non-existent data points from the list of 

elements that require collection, while adding new elements that are found in the 

case study yet are not accounted for in the model. The outlined changes, along 

with further clarification of how data is collected and what is meant by the 

descriptions of data points as expressed by Davis are designed to hone the 

formula for this and future applications. 
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4 Analysis of Street Conditions 

This Chapter will detail the data sources, modifications to the study area and 

collection methods, problems with traffic flow in the core, and the way in which 

the formula was applied to the data. It also displays the results of the model for 

street sections and individual intersections, and discusses current proposed 

routes through the downtown as approved by city council. 

4.1 Data Collection 

Data required for the proper completion of this project came from a variety of 

sources. Some are collected annually or on an ongoing basis by the City of 

Calgary: these data are available to the public. Other data required manual 

collection on the author's part. 

Traffic volume information, supplied by the City of Calgary, dates from field 

studies done in the summer of 1998. Data for the percentage of truck traffic are 

derived from intersection counts conducted by the City of Calgary in various 

summer months since 1994. While data on traffic counts have likely changed 

since the time it was collected, the most up to date and complete dataset was 

used for this investigation. Comparisons with incomplete traffic count data from 

the summer of 2000 revealed that traffic flows were very similar. 

The fieldwork (including data collected from public sources and that gathered 

manually) was carried out in the months of July and August, 2002. As outlined in 

Chapter 3, some of the factors, particularly those related to the condition of 

pavement, changed between the time of data collection and writing. Others, such 

as lane striping or parking restrictions, may change at any time. The conditions 

described and rated in this paper are therefore to be considered accurate for the 

month of August, 2002, as further public works or engineering projects may have 

altered conditions since then. 
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Over the course of collecting the data, questions, problems, and special 

considerations would arise which often required an interpretation by the writer, a 

City employee, a transportation specialist, or Jeff Davis, the model's creator. For 

the purposes of clarifying application standards of the model, the legality of 

certain traffic laws, and questions surrounding how data should be collected, 

several key informant interviews were conducted. These were done in person or 

by e-mail, with the aid of diagrams and site descriptions. The opinions and advice 

of the parties questioned were amalgamated into a cohesive overall opinion used 

to determine the best way of approaching the collection of data and the 

application of the formula. 

The writer considers himself an experienced urban cyclist, and is familiar with the 

cycling environment in several cities, both in Canada and abroad. To further his 

understanding of the application of Alberta traffic laws and to complement his 

past experience, "Canbike Level 1" training was undertaken at the time of writing. 

The course covers street safety and assertion type skills, as well as basic bike 

maintenance and fitting technique, allowing the writer to develop an informed 

opinion about on-street cycling in Calgary. 

4.2 Study Area Modifications 

After some initial fieldwork was conducted, it became obvious that the study 

area, specifically the streets and intersections to be assessed, would need some 

modification and definition. Several street sections such as dead-ends, and 7 t h 

Avenue, which is closed to private vehicle traffic, were omitted from the study. 

Certain unusual intersections, such as those where there is no intersection due 

to overpasses, or locations where there is no traffic approaching from one 

direction (along 9 t h Avenue for example) presented special problems. Several 

locations were simply omitted from the study. Others were assumed to exist (and 
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received ratings using the model) only for vehicles approaching from a limited 

number of directions. 

Other intersections are stop sign controlled, a factor which is not accounted for in 

the original model, and a method for dealing with these locations was devised, as 

discussed in Chapter 3. Several locations were also deemed to have a 

Substandard Clearance Interval, or geometry that may put cyclists at risk. Refer 

to Exhibit 4.1 for the location of the particular instances as described above. 

4.3 Data Collection Issues 

Based on the writer's on-street observations of conditions, cyclist use patterns, 

and review of previous published and unpublished reports, it was expected that 

3rd Avenue and 3rd St or 1st St S.W. would receive the best ratings in the Davis 

model. These streets have low traffic volumes, generous lane widths, and are 

restricted to one or two lanes in each direction. It was expected that 9 t h , 6 t h , 5 t h , 

and 4 t h Avenues would generate the least desirable values, as they are high-

volume one-way streets with many lanes and timed traffic lights which tend to 

facilitate speed and favour through traffic. 

These estimations were generally found to be true, but several problem areas 

and situations that could cause issues for cyclists became obvious, and the 

relative importance of the various factors stood out. For example, the importance 

of lane width measurement methods was highlighted when it became clear that 

there existed differences in lane striping protocols or perhaps application 

standards which make the curb lane width continuously variable over the course 

of long sections of downtown streets. 
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4.3.1 Lane Width and Striping 
As previously described, lane width and the manner in which it was measured 

stood out as one of the most important factors at play in realizing ratings. 

Fundamentally, this is because of the weighting it receives in the Davis model: it, 

along with traffic volumes, has the most effect on the final outcome. Small 

variations in width can have a large impact on a section rating, and some street 

sections proved difficult to measure. 

For example, on adjacent and otherwise similar streets (with the same total 

width, parking restrictions and traffic volume counts) there were observed 

differences in lane striping (painted lane width) and consequently curb lane width 

that effectively confound an even application of the model and distort the results, 

depending on how data is interpreted. 

Exhibit 4.2 below illustrates such differences in lane striping on 8 t h Avenue, and 

how they were measured. The street section on the left has no lane marker for 

the parking lane, while the street on the right does. The author was unable to 

distinguish any differences between several different streets which displayed 

these variable striping patterns, either in parking regulations, traffic volume, or 

width. Several key informant interviews were arranged to try and explain this 

situation with traffic engineers, cycle instructors, researchers, and a mountain 

bike-based constable with the City of Calgary Police Service. All had differing 

opinions as to how this dashed line should be interpreted by road users. 

In order to comply with the legal requirements of cycling and lane choice under 

the Highway Traffic Act (Section 146-2), for the case of the street on the left (in 

Exhibit 4.2) it was decided to measure out from the curb 2.5 meters to allow for 

parked vehicles (Richards, 1990). The value for the remaining pavement width to 

the center line was then entered as the "curb lane". For the street on the right in 

Exhibit 4.2, the "curb lane" was measured as being from the dashed line to the 

center line. 
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Measurement this way allows the striped line to have some impact on how 

cyclists and vehicle drivers might use the road: while it is permissible to operate 

more vehicles abreast on a given street section than there are lanes, normally 

this does not occur because road users respect the concept of lane markings. 

Exhibit 4.2. Observed Differences in Parking Lane Striping on 8 t h Avenue 
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Exhibits 4.3 and 4.4 illustrate the scene displayed in Exhibit 4.2, where the 

parking lane is sometimes delineated by a dashed line and sometimes not. 

« I l i l i l l l i l i i i i HIiiHHIIHIII 
Exhibit 4.3. Parking lane delineated by dashed line. 8 t h Avenue ©8 t h Street 

(Photo source: Author) 
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Exhibit 4.4. Parking lane not delineated by dashed line. 2 n d Street @ 4 t h Avenue 

(Photo source: Author) 

This method of measurement effectively introduces some variability into the 

model because differing widths of the indicated painted parking lane would only 

occasionally leave enough space for safe operation of a bicycle to the right of this 

dashed line (between it and the cars). The results of this measurement method 

mean that some streets are rated worse than they might seem to cyclists, who 

may be able to make use of additional space to the right of the dashed line. In 

some cases this space will be only enough to provide a buffer zone into which a 

door might swing, while in others it may allow enough space for a 'virtual bike 

lane', leaving the actual traffic lane unused. 

Operationally, the ramifications of this effect on cyclist behaviour depend on the 

training and comfort level of that cyclist, as well as their understanding of traffic 

laws. Some will choose to ride closer to parked cars than others, while some will 

choose to ignore the dashed line altogether. Others stay to the left of the dashed 

line in order to fully claim a lane. Since this analysis is intended as an 
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assessment of physical, on-street conditions and not of cyclist perceptions or 

behaviour, this variable was judged to be beyond the realm of the study. 

See Exhibit 4.5 below for another illustration of how the space available to 

cyclists is affected by the striping of the "parking lane", a lane used on some 

streets to accommodate more vehicles during peak periods. 

In much the same way, differences in the number of painted lanes or parking 

availability between adjacent and otherwise similar block sections mean that the 

curb lane width, along with the space available to cyclists varies substantially. In 

several instances the number of travel lanes, due to the sudden availability of 

curb-side parking, changes with no warning. This leaves drivers and cyclists to 

jockey for position as they cross an intersection and approach parked cars which 

suddenly block travel in the curb lane. 
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4 Travel Lanes 5 Travel Lanes 

Exhibit 4.5. Differing number of lanes, & consequent effect on the width of the 

"parking lane". Example based on existing variations along 4 t h Avenue between 

3 r d & 6 t h Streets S.W. 
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4.3.2 Parking Regulations 
The City of Calgary states that it employs a minimum downtown lane width of 3.0 

meters, but this was not borne out by measurements made for the purposes of 

this study, along with an analysis of on-street use patterns: the way in which 

adjoining blocks, striped lanes, and parking regulations work together. 

For example, on Centre Street, which has two travel lanes in each direction for its 

entire length, there are adjacent (across the street from each other) loading 

zones located in the curb lane for a distance of somewhat less than Vz block 

between 6th and 7th Avenues. These loading zones were observed to contain a 

few parked cars and trucks at almost all times, effectively creating a pinch point 

where approaching vehicles in the curb lane are forced to either share a lane 

with a parked car, or merge with the center travel lane. 

Since the zones are short, and the lanes marginally wide enough (measured curb 

lanes of 4.8 meters leave 2.3 m for a moving car after allotment of 2.5m for the 

parked car), most small vehicles observed would not merge to the left for this 

short section. This situation severely compromises the space available to 

cyclists. Some vehicles are too large to squeeze through the available opening, 

and must merge for the Vz block section. This can also be hazardous for cyclists 

and other road users. 

A similar geometry observed one block west on 1st Street S.W. with loading and 

taxi zones produces the same results. See Exhibit 4.6 below for an illustration of 

this problem, and Exhibit 4.7 for a photo taken at the 1 s t Street location. 
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Exhibit 4.6. Centre Street north of 7 t h Avenue, with adjacent 3-4 car loading 

zones that constrict traffic in the curb lane for a short distance 
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Exhibit 4.7. Photo of 2.7m effective lane on 1 s t Street north of 7 t h Avenue 

(Photo source: Author) 

There is another example of narrow curb lanes on 9th Avenue, where the lane is 

suddenly substantially narrowed by a hotel loading zone and taxi stand just east 

of 1 s t Street S.W. This causes some confusion and danger for cyclists, vehicle 

operators, and even potentially for pedestrians or others accessing vehicles 

parked at the curb. It was clear to the writer that many street users who were 

either not familiar with the location, or not expecting vehicles in front to stop could 

have potentially been victims of an accident or other dangerous circumstance. 

These types of points, while not particularly common, are an example of 

somewhat questionable overall traffic engineering and awkward road design 

which pose potential danger to cyclists, particularly those being overtaken. At the 
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locations observed, notably Centre Street and 1 s t Street S.W., speeds are 

normally low due to short block lengths, the proximity of signals, and congestion. 

This lessens the danger associated with overtaking maneuvers and lessens their 

frequency with respect to cyclists, but does not eliminate them. 

Situations as described above made a uniform application of the formula more 

challenging, as it was a judgment call as to whether or not a lane was in fact a 

lane in all cases. These types of situations underline the need for coordination 

among city departments, such as Parking, Roads, and Transit. They also 

highlighted the extent to which lane width played an important role in the ratings 

of street sections in the Davis model. 

4.4 Application of the Formula 

Data were collected from City and field sources (collected by the author), and 

arranged in a spreadsheet (See Appendices 6-8). Appendix 6 details the raw 

street section data collected, Appendix 7 details the data collected for 

intersections, and Appendix 8 describes how the data were combined to achieve 

the overall ratings (the averages). Appendix 8 also describes the sensitivity 

testing done on the six axes recommended for travel in the core, where peak 

hour traffic volumes were calculated using the Davis formula. All six 

recommended routes maintain an "excellent" or "good" rating at peak hour traffic 

levels. 

The formula is applied across the table, with data arranged in columns. The 

location of a street section or intersection is in the left-most column, and the 

formula is in the right-most column. The column headings have been described 

in Chapter 3. Those headings in bold contain values that are calculated in the 

formula. Notes or other data that were collected and help in describing local 

conditions, yet are not computed in the formula, are arranged in columns headed 

by non-bold text. Any value in italics is an estimate based on available data, as 

136 



Chapter 4 

Results of the Modified Model  
some data points were non-existent. In these cases an approximate value was 

judged to be better than no value, as no value would cause the model to give 

better ratings to streets lacking data. 

4.5 Rating Calculations for Sections and Intersections 

Streets and intersections, rated using different formulae, receive ratings 

independently. These ratings are evaluated as follows. 

4.5.1 Street Sections 

Analysis of street sections and intersections using the Davis model returns 

values for each location, and often more than one value. The values achieved 

are an expression of conditions for the cyclist, for the direction in which he or she 

is traveling. On one-way streets, there is only one rating per block, while on two-

way street sections, there is a rating for each direction, as the cyclist may 

experience different operating environments on opposite sides of the street. See 

Exhibits 4.8 and 4.9 for the ratings for each street section by direction. 

4.5.2 Intersections 

At intersections, the situation is yet more complex, as there are either two, three 

or four values per location. The results of this survey are categorized in the 

findings tables as "conditions for the west/east/north/southbound cyclist" since 

streets in the downtown core are again well aligned with these coordinates. As 

the logistics and relevance of displaying data graphically for all four directions 

were unnecessarily complicated, the multiple values have been averaged for 

each intersection (up to four directions) in Exhibit 4.10. For this reason, it is not 

these ratings which are used to calculate overall street and avenue values -
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these are done directionally. This map uses numerical ratings at each 

intersection, without any colour coding of the results. 

4.5.3 Rating Calculations for Streets and Avenues 

As described in Chapter 3, values for intersections and street sections are given 

equal weighting in this investigation, with the median of the numbers along a 

street or avenue (including street and intersection values) producing a final 

rating. On two-way sections, all directional values (two per block and two per 

intersection, corresponding to opposing directions of travel) are averaged when 

calculating overall suitability for that route. This further averaging simplifies the 

findings for streets and avenues, allowing long segments to be rated as routes 

for two-way travel. For overall street values and route recommendations, see 

Chapter 5. 

The Davis Model uses averages of ratings both on opposing sides of the street 

and of concurrent block sections and intersections to establish overall values for 

streets and avenues. It has been suggested that using the median in place of the 

average for concurrent block sections would act to eliminate the outlying values 

in the calculation of the overall ratings. After recalculation in this alternative 

manner, 13 of the 20 possible routes in this case study worsened in their overall 

ratings, but only slightly (only 3 of these changed categories, from "excellent" to 

"good" or from "good" to "fair"). The remaining 7 routes improved in their ratings, 

but typically the change in results was very small. The results both the average 

and median calculations can be viewed in Appendix 8. 

4.6 Highlighting the Differences 

Street sections and intersections that returned markedly different values for 

opposing directions (greater than 1.0 difference) are highlighted in Exhibit 4.11. 

This is typically an indication of a pinch point, or problem geometry for the 
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direction with the higher value, as traffic volume numbers are assumed to be split 

evenly by direction and therefore do not vary depending on the side of the street. 

This map also shows all the street sections that experience traffic levels of 

greater than 20,000 vehicles on average per day (an arbitrary figure meant to 

help readers visualize which streets in the core experience the largest 

automotive traffic flows). Note that they are predominantly east-west. 

4.7 Pathway-Route Connections 

The City of Calgary, as stated at the beginning of this report, currently has no 

recommended bike routes or special facilities in the downtown. Cyclists are 

expected to use the existing infrastructure, and find their way through or around 

the downtown without the aid of any special route designations or accompanying 

maps. This is one of the principal reasons for attempting this study: to make 

recommendations on which streets would potentially be most useful for the 

purposes of bicycle travel, before any modifications to the current road network 

are made. 

Cyclists approaching the downtown on regional pathways (as the overwhelming 

majority do) must make a transition from pathway cycling to on-street cycling at 

some point if they wish to complete their entire journey into the core by bicycle. 

Most streets (at the north end) as well as 2 n d and 3 r d Avenues (at the west end), 

are connected to the pathway system by a roadway allowance or park that in 

almost every case includes a paved path. Exhibit 3.20 demonstrated how 

existing pathways end at the edge of the downtown grid network. Virtually any 

north/south route will connect with a pathway at the points where the two meet 

along this northern fringe. The larger problem is that of one-way streets in the 

core, as most Streets (north/south routes) are restricted to one-way travel south 

of 4 t h Avenue. This means that couplets must be recommended for effective bi

directional service. 
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4.8 Proposed Routes 

The City of Calgary aims to develop a loose grid of designated bike routes and 

bike lanes or wide curb lanes through the downtown, linking the heavily used 

pathway running along the south side of the Bow River with the core in such a 

way so as to provide even coverage across it and several links through it. This is 

a logical goal, and one that has been recommended by independent studies of 

the issue (City of Calgary, 2000). 

A quote from the Calgary Pathway and Bikeway Plan: 

"Evaluating routes for overall suitability is not a scientific process 

but rather one that involves judgement and weighing the pros and 

cons of a particular location. This entails a consideration of many 

competing factors." 

(Calgary Pathway & Bikeway Plan 2000, p 18) 

Recommendations for certain streets as routes through the core are affected by 

three main points: their ratings under this model (or however else their 

operational conditions have been evaluated), their connections to pathways on 

the north side and bike routes on the other three sides, and the density of 

coverage desired in the downtown. The City of Calgary applies the general 

objective of spacing designate bikeway routes at regular intervals of 1.0 to 1.5 

kilometres (City of Calgary, 2000). It can be argued that due to the density of use 

in the core and the number of cyclists wishing to access points dispersed within 

it, a tighter grid is warranted. For the purposes of this study, more than one east-

west and north-south route will be recommended. 

It is almost inevitable that most cyclists entering the core will have to complete 

some part of their trip on a street that rates poorly, or transit an intersection that 

they find uncomfortable, in order to reach their final destination. Some cyclists 

may choose to use alleys in order to avoid disliked block sections or the 
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alternative of circuitous routing via streets that rate well or are designated as 

bicycle routes. Others might end their bicycle trip before they reach their final 

destination, and complete the trip on foot rather than on streets they feel 

uncomfortable using as a cyclist. Yet others might end their trip at a location that 

provides locker or shower facilities and complete their trip on foot without the 

bicycle. This type of journey completion tactic could be considered acceptable, 

as it is similar to what most auto or transit users normally do. 

Routes through the core have been proposed in City policy documents. See 

Exhibit 4.12 for these routes, as approved by Council. These formal 

recommendations have not been formally designated (using signage or other 

means) since they were made in 2000: as of this writing, there are no official 

routes or on-street bicycle facilities in the downtown core of Calgary. 

4.9 Conclusions on the Application of the Formula 

The Davis model's formula, while relatively easy to gather data for and apply, 

does have some shortcomings, addressed earlier in this paper under 

"Limitations". These are primarily issues related to the complexity of the model 

(and the desire to keep it simple), and the method by which to quantify variables 

that may affect a cyclist. Some data points, such as actual traffic speed, are 

difficult and complicated to collect, and as such can not be used for quick 

application as was done in this study. Other data points are more difficult to 

quantify, for example the danger or discomfort posed to cyclists from buses or 

heavy vehicles. These types of limitations are expected, and typical of this type 

of analysis. 

Other limitations, such as the questions that arose with respect to the 

measurement of curb lane width, complicate accurate measurement further. 

While the differences in lane striping observed in Calgary are perhaps not found 

in every jurisdiction, they pose a serious question as to the validity of the model 
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in cases where there is a painted 'parking' lane, as the way in which the line is 

treated varies with every road user, depending on how much width remains 

between the parked vehicles and the line. Some might take the marking to mean 

that travel in that space is prohibited, while others may ignore the presence of the 

line altogether. 

While the results of this inquiry do for the most part back the official proposed 

choices of bike routes through the core, the question of coverage, particularly for 

an area such as the Calgary downtown, is an important one that has not been 

addressed to date. The question of how many routes and at what intervals they 

should be spaced is an important one, yet not something directly addressed in 

this study, nor something that is clearly understood from the perspective of what 

'Service level' should be provided for cyclists. In many ways the answer to this 

question depends on the level to which cycling is promoted as a transport mode. 

142 



Chapter 5 
Conclusions for Cyclists in Downtown Calgary  

5 Conclusions for Cyclists in Downtown Calgary 

This chapter covers the ratings assigned to each intersection, street and avenue. 

They are mapped and discussed before routes through the core are 

recommended based on the results, and the need for such a network or grid of 

routes. Planning recommendations are made on a general basis, and specific 

deficiencies are also highlighted. Recommendations are made for improvements 

in several locations. Finally, the applicability of the model in urban conditions, 

and its overall usefulness as a tool for practitioners is addressed. 

5.1 Mapping of Values in Downtown 

Once all of the street sections and intersections have received ratings, they can 

be overlaid on a map of the core to display the results graphically. The following 

are several maps which draw attention to the locations that rate highest (worst) 

and displayed strong or contrasting results. 

5.2 Worst - Rated Street Sections 

Exhibit 5.1 illustrates the 22 street sections which received the highest ratings, 

placing them in the worst category under the Davis model. All of them received 

ratings of 6.0 and over and are therefore regarded as being "Poor": of 

questionable desirability for cycling. Most are located on 4 t h , 5 t h , or 6 t h Avenues, 

roads that have signals timed to through traffic at 50 km/h, more than 3 lanes, 

and generally above 30,000 Average Annual Daily Traffic. All are one-way. 

5.3 Worst - Rated Intersections 

Exhibit 5.1 also illustrates the 13 intersections with the highest average values 

(for all directions) under the modified Davis model. All of them rated above 6.0, or 

"Poor". They are again mostly located along 4 t h , 5 t h , and 6 t h Avenues, 
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predominantly at 1 s t and 2 n d Streets S.E. These are all intersections of one-way 

streets with high traffic volumes and multiple lanes. 

5.4 Values for all Street Sections 

The results of the modified Davis model for all street sections in the study area 

are as illustrated in Exhibit 5.2. The variability of street conditions is obvious in 

this map. Those sections with thick red lines represent locations where cycling is 

of "questionable desirability" according to Davis's original description of the four 

categories. The thickest line segments and darkest colours are indicative of 

those sections with the worst ratings. The breaks in colour and variations in 

segment thickness visually demonstrate the lack of continuity and potential 

discomfort experienced by a cyclist using streets in the downtown. Based on the 

writer's experiences and observations in the core, this is an accurate way in 

which to characterize the worst-rated street sections. Overall values for each 

street and avenue (including the averaged intersection values) are at the left and 

top of the map. See the map legend for more details. 

5.5 Overall Ratings - Streets and Avenues 

The overall best rated corridor is 8 t h Avenue, at 2.9, which rates as "Excellent", 

while the worst is 5 t h Avenue, at 6.1, rating "Poor". These are both avenues 

(running east-west). Among Streets, (on the north-south axis) the best is 8 t h 

Street S.W., at 3.0 ("Excellent") and the worst is Macleod Trail ( 2 n d Street S.E.), 

rating 5.5 ("Fair"). Note that among these four, only 3 r d Avenue is a two-way 

street in its entirety- the remainder are all either partially or fully one way. See 

Exhibit 5.3, where the overall street ratings are compared back to back in a bar 

chart. 
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Median Street & Avenue Ratings 

Exhibit 5.3. Ratings for each Street and Avenue (Including intersection values) 
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5.6 Planning Recommendations for Downtown Calgary 

The recommendations made to the City of Calgary as a result of this inquiry 

cover two points: selection of the best route options for cyclists in the core based 

on current conditions, and a list of hot spots, where interventions on the City of 

Calgary's part could ameliorate cycling conditions through changes in traffic 

management or street-level geometry. 

Making recommendations as to routes through the core would help to complete 

the current cycling map, which effectively abandons users when they reach the 

core perimeter, and would improve transportation options for commuters and 

local residents alike. The outlined changes for the most part could be made 

without adversely affecting other road users, and would improve conditions for 

cyclists even at current traffic levels. 

5.6.1 Recommended Routes 

The routes recommended for cyclists through the downtown, from a planning 

perspective, must take into account several factors. The most important among 

these, and those considered in this study are: 

• Overall ratings achieved using the model 

• Linkages to Pathways and Bikeways 

• Coverage of the downtown & Network Continuity 

Each of the above factors has a major impact on how useful the routes can 

potentially be to cyclists. For example, a route that scores well using the model 

yet does not feature direct connections to the pathway system may be ignored by 

most cyclists, whom it has been noted highly value directness. Similarly, a route 

that does not pass near enough to a major destination will fail to be used by 

many cyclists seeking access to that location. 
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It is with these three factors in mind that the final recommendations as to cycle 

routes are made. The six routes recommended offer good ratings using the Davis 

model (all score less than 3.5 overall), together provide relatively good coverage 

of the downtown core, and connect well with the pathway system to the north and 

west (a heavily used system) and the Bikeway network to the south. Connections 

to the east are more problematic, and the solutions to those linkage issues are 

beyond the scope of this study. 

The recommended streets are 7 t h Street and 6 t h Street S.W. (southbound and 

northbound, respectively); 3 r d Street (Barclay Mall - mostly southbound) and 1 s t 

Street S.W. (two-way, and connecting south of the CPR line). Recommended 

avenues are 3 r d Avenue and 8 t h Avenue (8 t h is westbound only, for the portion 

east of 3 r d Street S.W.). These axes are among the best rated in the model while 

also connecting well to the pathway system and providing even coverage of the 

core. See Exhibit 5.4 for a view of how these routes cover the downtown. 

This level of recommended coverage will allow a cyclist to get within two blocks 

of any destination while making use of the best rated routes. Cyclists must know 

the core well in order to make full use of these routes, due to the number of one

way streets included in this set and otherwise in use in downtown Calgary. Note 

that this is equally true for motor vehicle drivers. 

It should also be pointed out that 8 t h Street S.W. rates very well overall using the 

model, and connects equally well to the south and north. However, a portion of 

the street is one-way, and there are some problematic intersections with high 

turning movements at the north end. It is the writer's opinion that with a return of 

this street to two-way traffic, some intersection modifications and lane width 

revisions, this street could serve the needs of cyclists far better than the 

alternative couplet of 6 t h and 7 t h Streets S.W. just to the east. 
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Similarly, 2 n d Avenue rated very well in the model, but lacks continuity in the 

centre (between 1 s t and 2 n d Streets S.W.) and thus is of rather limited usefulness 

to many cyclists. 3 r d Avenue is also nearer to the core, helping to provide 

adequate coverage of the core (the next east-west connector is on 8 t h Avenue). 

5.6.2 Recommended Street Modifications 
"Hot spots", or locations identified through observations and difficulties with the 

application of the formula as described in Chapter 4, are easily identified in the 

raw dataset. Unusually narrow measured lane widths, dual turn signals, and 

multiple surface irregularities all affect the results, and are sometimes even 

obvious to the casual observer. Others, such as a varying number of lanes along 

a multi-block section, or parking regulations that are not well enforced or appear 

to be ill suited to the location, are not so obvious when reviewing the data, yet 

equally important in terms of street functionality. 

A more even application of traffic engineering standards would in several cases 

result in immediate improvement to local cycling conditions without detriment to 

any other road users. In some cases (as noted in Chapter 4 for Centre Street and 

1 s t Street S.W.) it would be to the immediate advantage of all road users, 

including pedestrians, if changes were made. 

Often it is the combination of parking regulations and traffic engineering 

(controlled by two different departments within the City administration) which 

results in problems. It is only through on-site observation of how operators of 

various vehicles behave in their environment that potential problems are 

identified. A list of observed problematic locations observed, followed by the 

dominant cause of difficulty (in brackets) is as follows: 

• Centre and 1 s t Streets S.W. north of 7 t h Avenue (loading zone pinch point); 

• 6 t h Avenue, between Centre Street and 1 s t Street S.E. (extremely narrow 

curb lane width - see Exhibit 5.5 for a photo at this location); 
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• 4 t h Avenue, between 2 n d and 6 t h Streets S.W. (variable number of lanes); 

• 9 t h Avenue, between 1 s t and Centre Streets S.W. (taxi & loading zone); 

• 3 r d Avenue, between 2 n d and 1 s t Streets S.W. eastbound (lane width, curb 

finish, and surface quality problems); 

• 3 r d Street (degraded surface quality); 

• 6 t h and 7 t h Streets at the crossing of the LRT tracks (rough rail crossing); 

• N.E. corner of 6 t h Avenue and 6 t h Street (substandard curb radius); 

• 1 s t Street S.W. south of 5 t h Avenue (lane width and parking issues). 

Exhibit 5.5. Extremely narrow curb lane on 6 t h Avenue between Centre Street 

and 1 s t Street S.E. 

(Photo source: Author) 

These locations are mapped in Exhibit 5.6. Note that they contributed to the poor 

ratings achieved by some of the worst sections. City administration should review 
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the above locations and attempt to resolve the problems identified. Other 

recommendations are more general in nature, and not site-specific. These are: 

• More attention could be paid to the effects of rutting caused by busses in 

the curb lane, and the location of bus stops (e.g. some are located where 

the curb lane is at its narrowest point on the block). 

• The City of Calgary could be much more proactive in replacing outdated 

storm sewer grates which have long been a widely-recognized hazard to 

cyclists travelling in or near to the gutter pan. 

• There is also clearly a preference for maintaining straight travel lines 

between blocks for motorists in the center lanes at the expense of curb 

lane width continuity. This may or may not be worthwhile from the point of 

view of a motorist. It is the opinion of the writer that a review of the policy 

on curb lane width (and its continuity) could be beneficial for cyclists. 

The recommendations stemming from this report with respect to particular traffic 

engineering problems are that the City of Calgary should monitor on-street traffic 

flows and be more responsive to conflicts between street uses as previously 

described; replace dangerous sewer grates; monitor and improve maintenance 

with respect to transit-induced rutting, potholes and rough LRT crossings; and 

review lane-striping policy (or application protocol) with specific attention paid to 

curb lane width continuity and curb-side parking regulations on some blocks. 

More specific recommendations such as bicycle-oriented design interventions at 

particular locations or on the recommended routes cannot be made based on the 

research done for this report. While the effectiveness of bicycle-oriented 

interventions has been tested in cities such as Vancouver, which has a similar 

network of recommended routes in combination with targeted traffic flow 

modifications, this study did not address the value or appropriateness of such 

modifications. While the potential of design interventions for the purposes of 

ameliorating bicycle compatibility is commonly understood among transportation 
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engineers and planners, specific modifications on Calgary streets would require 

study on an individual basis prior to implementation. 

5.7 The Applicability of the Model in Urban Conditions 

The Davis model was chosen for use in this application because of its ease of 

applicability and simplicity. The research was conducted using information easily 

available to a member of the public through government channels and with a few 

days of manual data collection. It is much simpler than other LOS type models, 

such as the Bicycle Compatibility Index, while including the most relevant factors 

necessary for accurate evaluation of street conditions. 

While many of the factors in the Davis model required clarification (more detailed 

description of the standards with which they are applied), there were only a few 

changes or modifications judged necessary to improve its accuracy for the urban 

Canadian environment, such as noting dual turn lanes, the number of access 

points, and the percentage of heavy trucks on the road. The paucity of required 

changes attests to the quality of the model as originally designed by Davis. 

The range of results achieved (values of between 0 and 8) places streets 

assessed in Calgary in all four categories, which provides a range of findings 

(meaning they are not all bunched into one category). This allows clear 

differentiation between streets, and makes cycle route recommendations more 

obvious. This also attests to the quality of the model and its applicability to a 

diverse group of road types. 

The final analysis and rating of overall streets and whether to use the function of 

average or median deserves more attention, particularly in studies where the 

study area covers a broad spectrum of streets and assigning one rating to a 

street with varying character might be misleading. The Davis model might also 

benefit from more discussion as to the merits of certain rating categories, such as 
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whether substandard corner radius angles are positive or negative features from 

the perspective of a cyclist or other users. 

The subjectivity that remains inherent in the application of such models poses 

challenges to its even application: it may not be possible to apply this model in 

different cities with different data sources and gatherers and expect to achieve 

results that are directly comparable. A more detailed description of the relevant 

factors as has been done for the purposes of this report reduces the potential 

error, but eliminating it is theoretically impossible. Therefore, the model is most 

useful as a tool for identifying problems with a street network as experienced by 

a cyclist, and for comparing streets back to back within the same city. 

The Davis model can be used to identify the best sections and intersections in a 

given city, yet it cannot be relied upon to derive absolute values for comparisons 

between jurisdictions. For this reason it is a useful tool for the local practitioner or 

planner, transportation engineer or cycling advocate. 

5.8 Final Conclusions 

The goal of the Davis model was to develop a method through which to establish 

sound engineering principles which would ameliorate the ambiguous problem of 

bicycle safety. It was created to allow the utilization of readily available data by 

practitioners or local authorities, while making use of a formula that considered 

both objective and subjective inputs. It succeeds in producing a value that is 

indicative of the cumulative effect of conditions facing the cyclist. Roadways are 

an area of potential conflict for these users, while the use of these types of 

facilities is unavoidable and must inevitably be accepted by all road users, 

transportation engineers, and urban planners. 
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Final point-form recommendations with regard to the future of bicycle travel and 

on-street compatibility for downtown Calgary as follows: 

• Cycling as transportation should be recognized in the core through route 

designations; 

• Problems at specific locations should be addressed; 

• The introduction of cycle specific facilities should be considered to 

encourage travel on the best-rated routes. 

Final conclusions with regard to the model as it was applied in Calgary and the 

current state of bicycle transportation in the city are: 

• The Davis model is a relatively simple, effective, and adaptable way to 

assess streets for cycling compatibility; 

• Downtown Calgary is a good place to cycle for those who stick to the 

better-rated axes and know how to reach their destination. 

Short of the implementation of bicycle oriented facilities on all streets, or 

provisions such as universal wide curb lanes, total accessibility for all cyclists to 

the Calgary downtown (or to any area) is unattainable. Highlighting 

recommended routes through the core, simple changes made at certain 

locations, and potentially the construction of specific facilities on a few axes that 

improve on current conditions and connect to the pathway system would be a 

logical step towards increased integration of bicycles on downtown streets. In 

concluding, it should be stated that the modified Davis model has been proven to 

be a useful, easy to apply tool for evaluating the state of roadway conditions for 

on-street cyclists. 
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Appendix 1 - The Highway Traffic Act of Alberta R.S.A 

2000, Chapter H-8, Sections 142-148. 

1 In this Act, 

(b.1) "bicycle" means, except in Parts 2 and 5, a cycle propelled by human 

power on which a person can ride, regardless of the number of wheels it has, 

and includes a vehicle that 

(i) may be propelled by muscular or mechanical power, 

(ii) is fitted with pedals that are continually operable to propel it, 

(iii) weighs not more than 35 kilograms, 

(iv) has a motor that produces not more than 750 watts and that is 

driven by electricity or has an engine displacement of not more than 50 

cubic centimetres, 

(v) has no hand-operated or foot-operated clutch or gearbox driven by 

the motor that transfers power to the driven wheel, and 

(vi) does not have sufficient power to enable it to attain a speed greater 

than 35 kilometres per hour on level ground within a distance of 2 

kilometres from a standing start; 

143 In this Part, 

(a) "bicycle" means any cycle propelled by human power on which a 

person may ride, regardless of the number of wheels it has; 

(b) "cycle" means a bicycle, a motor cycle or a moped. 

Rules of road apply to bicycles and motor cycles 

144 Unless the context otherwise requires, a person operating a bicycle or 

motor cycle on a highway 

(a) has all the rights, and 

(b) is subject to all the duties, of a driver under Part 3. 
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146 (1) A person who is operating a cycle on a highway 

(a) shall keep both hands on the handlebars of the cycle, except when 

making a signal in accordance with this Act, 

(b) shall keep both feet on the pedals or foot rests of the cycle, 

(c) shall not ride other than on or astride a regular seat of the cycle, 

and 

(d) shall not use the cycle to carry more persons at one time than the 

number for which it is designed and equipped. 

(2) A person who is operating a bicycle on a highway shall ride as near as 

practicable to the right hand curb or edge of the roadway. 

(3) A person shall not operate a cycle on a roadway where signs prohibit its use. 

(4) A person who is riding as a passenger on a cycle 

(a) shall not ride other than on a regular seat of the cycle intended for a 

passenger, and 

(b) shall keep both feet on the foot rests provided for the use of the 

passenger riding on the seat. 

147 A person who is operating or riding as a passenger on a cycle shall not 

(a) hold onto, 

(b) be attached to, or 

(c) attach the cycle to, any other moving vehicle. 

148 A person operating a cycle on a highway 

(a) shall not ride to the side of another cycle travelling in the same 

direction, but 

(b) shall ride directly in line to the rear or front of the other cycle, 

except when overtaking and passing the other cycle. 
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Appendix 2 - City of Calgary Traffic By-law (No. 26M96) 

Section 41 

(1) Unless the context otherwise requires, a person operating a bicycle on a 

highway has all the rights and is subject to all the duties that any vehicle operator 

has under this Bylaw. 

(2) Notwithstanding Subsection (1) of Section 42, a carrier of a newspaper may 

ride a bicycle on a sidewalk, or boulevard: 

(a) if he is delivering copies of the newspaper at the time; and 

(b) if the bicycle does not interfere with other persons proceeding by foot 

on the said sidewalk, footpath or boulevard. 

(3) Notwithstanding Subsection (2), the Traffic Engineer may designate those 

portions of sidewalks, or boulevards where bicycles may be ridden by other 

persons who are not carriers of newspapers delivering copies thereof. 

(4) Where this Bylaw permits a person to ride a bicycle or use in-line skates on 

any sidewalk, where pedestrians are also allowed, the person shall ride the 

bicycle or use the in-line skates only in such a way that it will not interfere with a 

pedestrian lawfully on or using such sidewalk. 

(5) No person shall ride a bicycle on Deerfoot Trail, being a highway in the City of 

Calgary, between 64th Avenue North and Marquis of Lome Trail (commonly 

referred to as Highway 22X). 
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Appendix 3 

The Calgary Cycle Plan 

Among the Cycle Plan Goals are found the following points: 

(Numbering is as it appears in the plan). 

1.3.1 Existing System Evaluation, Expansion 

Improve the continuity, clarity and safety of existing facilities and 

guide system development and expansion for all Calgarians. 

1.3.2 Engineering Goal 

Develop standards and specifications for a system of safe, efficient, 

and visually appealing pathway and bikeway facilities for cyclist and 

pedestrian use. 

1.3.3 Education Goal 

Increase acceptance and understanding among road and pathway 

users, reduce the frequency and severity of bike accidents, and 

reduce conflicts between cyclists, pedestrians, and motorists. 

1.3.5 Encouragement Goal 

Provide the facilities, information, and operating environment which 

make cycling an attractive and exciting transportation and 

recreation choice. 

1.3.6 Environmental Goal 

Promote cycling as an environmentally friendly and responsible 

form of transportation and recreation. 

Specific recommendations include the following: 
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# 14 

That by July 1998, the Transportation Department prepare a report 

for the S.P.C on Transportation, Transit, and Parking detailing the 

formation of a Bikeway/Pathway Technical Review Committee to 

review all existing and future pathway/bikeway/road interfaces to 

ensure continuity, coordinated development and safe operation. 

# 18 

That by July 1999, the Transportation Department develop a 

network of routes which facilitate bike and pedestrian access and 

movement within the Downtown Central Business District. 

# 19 

That by July 2000, the Transportation Department identify and 

establish bike routes adjacent to major roads where conditions 

preclude the accommodation of cyclists. 

# 2 0 

That when lane marking is done on major roads, the width of inside 

lanes be kept to the minimum standard of 3.5 meters with all 

additional width being allocated to the curb lane. 

# 4 4 

That a bike and pedestrian facilities retrofit program be established 

as part of the Engineering & Environmental Services Department, 

Streets Division, capital budget. 

# 4 5 

That future Transportation Demand Management initiatives include 

enhancing non-motorized transportation options. 
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Appendix 4 - The Municipal Development Plan 

2-1J Monitor and review policies and strategies that encourage less 

automobile use and the need to commute, and that encourage transit use, 

walking and cycling. 

2-1.41R All bridges will accommodate pedestrian and bicycle use and all 

new road and bridge construction required will comply with the vision statement. 

2-2.3.1 A Offer a reasonable choice of travel modes and accessibility to all 

Calgarians. 

2-2.3.3E Strategically manage congestion in the system to encourage other 

modes of transportation such as transit, walking or cycling. 

2-2.3.3H Address the provision of walking and cycling facilities with respect 

to river crossings and associated roadways. 

2-2.3.6C Recognize cycling as a component of the City's transportation 

system. 

2-2.3.6D Promote cycling through education, provision of facilities and 

enforcement of safety rules. 

2- 2.3.7D Explore economic incentives and alternative modes of 

transportation to provide more evenly balanced transportation. 

3- 1C Design infrastructure in the Downtown to adequately accommodate 

future development, e.g. sewers, water, roads, pedestrian and cycling facilities, 

protective services, open space, etc. 
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Appendix 5 - Clearance Interval Calculation 

Two ways in which the clearance interval can be calculated are explored here. 

1) The California Bicycle Advisory Committee Method for Clearance Timing 

The most important factors to consider in calculating the yellow interval are 

reaction time, the approach speed, and braking deceleration. For automobiles, 

reaction time is normally taken to be 1 second, speed as the 85 t h percentile, and 

braking as 3m/second, which is conservative, and allows for variations in weather 

conditions, vehicles and judgment (Wachtel, Forester & Pelz, 1995). The 

resultant yellow times should lie between 3 and 6 seconds, according to the The 

Manual on Uniform Traffic Control Devices (MUTCD). 

The speed of cyclists depends on the rider's fitness, age and purpose of the trip. 

A mean speed (for university students) has been found to be 22.6 km/h (Taylor 

1993). Reasonable braking deceleration numbers of bicycles register a mean of 

2.25m/second (Taylor, 1993). These average speed and deceleration numbers 

are used in this study. 

Amber Phase Formula: 

a > Tr + v/2b 

where 

a = amber (signal time, seconds) 

Tr = reaction time (seconds) 

v = approach speed (mph) 

b = deceleration (ft/second) 

(Wachtel, Forester, Pelz 1995). 
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The values used in this formula must be in imperial units in order to function 

properly. 

If we keep the reaction time of automobile drivers as consistent with cyclists at 1 

second, assume a speed of 14.1 mph, and assume deceleration at 7.5 ft/second, 

(Taylor's university Student Measure, noted above) the yellow interval formula 

yields 1.94 seconds. Faster cyclists are assumed to be able to achieve greater 

braking efficiency: using v=25 mph, b=12 ft/sec results in 2.04 seconds of yellow 

time (Wachtel et al., 1995). 

Note that the fastest cyclists normally travel no faster than motor vehicles, and 

the braking deceleration of the two types of vehicles is comparable. Bicycle 

stopping time is therefore equal to or less than motor vehicle stopping time. 

Thus, yellow intervals that are adequate for motorists should also be adequate 

for cyclists in all cases (Wachtel et al., 1995). The MUTCD recommends that 

yellow times should lie between 3 and 6 seconds. 

For calculation of the all-red interval, the relevant factors are the width of the 

intersection and the length of the vehicle. Long all-red times are normally most 

justified for any traffic signal controlling a wide intersection - the wider the 

intersection, the longer the interval. 

Traffic law requires that vehicles facing a green light proceed only when the 

intersection has cleared of vehicles which have lawfully entered the intersection. 

However, this does not eliminate all conflict, particularly when a vehicle enters 

the intersection just as the light changes from yellow to red; this is the rationale 

for all-red intervals. The formula for their calculation is: 

Red Phase Formula: 

r > (w + l)/v 
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where 

r = red (signal time, seconds) 

w = width (ft) 

I = length of vehicle (ft) 

v = speed (mph) 

(Wachtel et al., 1995). 

The values used must again be in imperial units in order to function properly. 

Wachtel et al. calculate that the following speed categories would accommodate 

98% of each population group: 12mph (18 ft/second) for fast cyclists, 8mph (12 

ft/second) for casual adult cyclists, and 6mph (9 ft/second) for children. As an 

example, a cyclist with a length of 6 feet and a speed of 10 mph entering an 

intersection 130 feet wide, results in a red interval of 13.6 seconds. 

2) Canadian Capacity Guide for Signalized Intersections 

The City of Calgary refers to the following formula when setting signal clearance 

times, as do other Canadian jurisdictions. 

Amber Clearance: 

A = tPr + v I (2a + 2gG) 

Where: A = amber interval (seconds) 

tPr = time of perception and reaction (Use 1.0s) 

v = speed (meters/second) 

a = average deceleration rate (Use 3.0m/s2) 

g = gravitational constant (9.81 m/s) 

G = average grade of approach within 50 m of the stop line 

(%/100); (a downhill grade is negative) 
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In Calgary, on a flat section of street, this is: 

1 + 5 0 / ( 6 + 19.62) = 2.95. 

The typical amber time (in practice, after rounding) is 3.5 seconds. This number 

seems low, and is due to the relatively low speed limit of 50 km/h. 

Red Clearance: 

Tall = (Wc + Lveh) I Vc 

Where: ran = all red period (seconds) 

Wc = distance to clear (meters), measured from stop line to far 

crosswalk line on other side of intersection; if no crosswalk use 

distance to projected face of curb. 

Lveh = length of clearing vehicle (use O.Ometers, as width of 

crosswalk included in Wc, this will roughly cover the vehicle width, 

and once the nose of the vehicle is at the far crosswalk line it will 

act as a barrier.) 

If there is no crosswalk use 6.0m. 

Vc = clearing speed of the last vehicle (meters/second) used as the 

speed limit. 

In Calgary the formula calculates as follows: 

(10-23m+2)/22.56 = .53 - 1.11 

The red phase in practice is rounded up to 2.0 in the downtown; the City of 

Calgary always uses at least 1 second of all red as a matter of policy. 
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The City of Calgary Engineering Department also applies the following "Notes for 

Practitioners": 

• for advance turns use 3.0s for protected/permissive & 4.0s for protected 

only turns 

• round down total clearances of 0.1 & 0,6 to next lowest 0.5s, round up all 

other clearances to nearest 0.5s 

• standard amber period is 4.0s or 3.5s 

• all clearances to include an all-red period of at least 1.0s; this is total 

rounded clearance minus amber period. This value shall not be more than 

0.2s lower than calculated 

• all reds must be shorter than amber periods. 
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Appendix 6 - Raw Street Section Data 

Street Sections Pavement Pavement Pavement Pavement Pavement Pavement Location Location Location Location Location Location Formula 

Location of Block Section 

Average 
Dally 

Traffic* 
#of 

Lanes 

Curb 
Lane 

Width (m) Cracking Patching Ridging Potholes 

Rough 
Railroad 
Crossing 

Dangerous 
Drainage 
Grates 

Truck 
Traffic 
Value 

Midblock 
Access 
Points Parking Grade 

Right 
Turn 
Lane 

Commercial 
Land use 

RSI 
Formula 

9th Ave. - 9th/8th St. S.W. 32000 5 3.80 0.00 0.75 0.25 4.3 
9th Ave. - 8th/7th St. S.W. 31000 5 3.50 0.75 0.00 0.00 0.25 4.7 
9th Ave. - 7th/6th St. S.W. 35000 5 3.70 0 00 0.25 0.25 4.2 
9th Ave. - 6th/5th St. S.W. 29000 5 3.70 0.75 0 00 0.00 0.25 4.2 
9th Ave. - 5th/4th St. S.W. 26000 5 3.70 0.50 1.50 0.75 0.00 0.25 0.25 6.2 
9th Ave. - 4th/3rd St. S.W. 26000 5 4.20 0.75 0.00 0.25 0.25 3.4 
9th Ave. - 3rd/2nd St. S.W. 33000 5 4.20 0.00 0.00 0.25 3.0 
9th Ave. -2nd/1stSt. S.W. 25000 5 4.20 0.00 0.50 0.50 0.25 3.3 
9th Ave. -1 st/Center St. S.W. 22000 5 3.00 0 00 0.25 0.50 0.25 4.8 
9th Ave. • Center/1 st St. S.E. 22000 5 3.00 0.00 000 0.50 0.25 0.25 4.8 
9th Ave. -1st/2ndSt. S.E. 17000 5 3.50 0.25 0.50 0.50 025 4.1 

Westbound 
8th Ave. - 9th/8th St. S.W. 4000 1 4.40 000 0.50 0 50 0.25 2.6 
8th Ave. - 8th/7th St. S.W. 4000 1 600 0.00 000 025 -1.0 
8th Ave. - 7th/6th St. S.W. 4000 1 4.60 0.00 0.50 0.50 0.25 2 3 
8th Ave. - 6th/5th St. S.W. 4000 1 4.60 0.00 0.25 0.50 0.25 2.0 
8th Ave. - 5th/4th St. S.W. 4000 1 3.90 0.00 0.25 0.50 0.25 3.2 
8th Ave. • 4th/3rd St. S.W. 3000 1 3.40 0.75 0.00 000 0.25 3.6 
8th Ave. • 3rd/2nd St. S.W. 250 1 4.50 0.50 0.25 0.50 025 1.2 
8th Ave. -2nd/1stSt. S.W. 250 1 4.20 0.75 0.75 0.00 0.50 025 2.4 
8th Ave. - 1 st/Center St. S.W. 250 1 4.20 0.75 0.25 0.00 0.50 0.25 1.9 
8th Ave. - Center/1st St. S.E. 250 1 4.20 0.75 0.25 0.00 0.50 0.25 1.9 
8th Ave. • 1st/2nd St. S.E. 250 1 6.20 1.50 0.25 0.00 0.50 025 -0.6 

Eastbound 
8th Ave. - 9th/8th St. S.W. 4000 1 3.70 0.00 0.50 0.50 0.25 3.7 
8th Ave. - 8th/7th St. S.W. 4000 1 5.40 0.00 0.25 0.50 0.25 0.7 
8th Ave. - 7th/6th St. S.W 4000 1 4.60 0.00 0.00 0.50 0.25 1.8 
8th Ave. - 6th/5th St. S.W. 4000 1 4.50 0.00 0.00 050 0.25 19 
8th Ave. - 5th/4th St. S.W. 4000 1 3.30 0.00 o.oo 0.50 0.25 3.9 
8th Ave. - 4th/3rd St. S.W. 2000 1 3.30 0.00 000 050 0.25 3.1 

6th Ave. - 91h/8th St. S.W. 21000 3 3.00 0.25 0.25 0.50 0.25 6.1 
6th Ave. - 8th/7th St. S.W. 26000 4 3.10 0.25 0.75 0 25 0.00 0.25 6.0 
6th Ave. - 7th/6th St. S.W. 25000 4 3.10 0.50 0.75 0.25 0.75 0.25 6.9 
6th Ave. - 6th/5th St. S.W. 27000 4 3.20 0.25 0.00 0.25 4.9 
6th Ave. - Sth/4th St. S.W. 30000 4 4.60 0.25 0.00 0.25 2.9 
6th Ave. - 4th/3rd St. S.W. 28000 4 3.80 0.75 0.25 0.25 0.25 5.0 
6th Ave. • 3rd/2nd St. S.W. 27000 4 3.00 0.25 0.25 0.25 5.5 
6th Ave. -2nd/1stSt. S.W. 25000 4 3.50 0.25 0.50 0.25 4.7 
6th Ave. - 1st/Center St. S.W. 25000 4 3.00 0.75 0.25 0.25 0.25 6.0 
6th Ave.-Center/1 st St. S.E. 24000 4 2.50 0.25 0.75 0.25 6.5 
6th Ave. - 1st/2ndSt. S.E. 25000 4 4.10 0.25 0.75 0.25 4.0 

5th Ave. - 9th/8th St. S.W. 22000 3 3.20 0.75 000 0.75 0.50 0 25 6.9 
5th Ave. - 8th/7th St. S.W. 24000 3 3.20 0.25 0.50 0.50 0.25 6.4 
5th Ave. - 7th/6th St. S.W. 22000 3 3.10 0.25 0.50 0.50 0.25 6.3 
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5th Ave. - 6th/5th St. S.W. 24000 3 3.10 0.25 0.00 0.50 0.25 6.1 
5th Ave. - 5th/4th St. S.W. 23000 4 330 0.25 0 50 0.25 4.9 
5th Ave. - 4th/3rd St. S.W. 29000 4 3.00 0.75 0.25 0.50 0.50 0.25 7.2 
5th Ave. - 3rd/2nd St. S.W. 31000 4 3.00 0.25 0.75 0.25 6.4 
5th Ave. -2nd/1stSt. S.W. 32000 4 4,20 0.25 0.25 0.25 4.0 
5th Ave. - 1st/Center St. S.W. 31000 5 1.90 0.75 0.25 0.25 0.50 0.25 8.3 
5th Ave. - Center/1st St. S.E. 27000 4 2.70 0.75 0.25 0.75 0.25 7.2 
5th Ave. - 1st/2nd St. S.E. 28000 5 3.60 0.75 0.00 0.25 0.25 4.6 

4th Ave. - 9th/8th St. S.W. 26000 4 3.30 0.00 0.00 0.25 4.4 
4th Ave. - 8th/7th St. S.W. 21000 3 3.00 0.00 0.25 0.50 0.25 5.8 
4th Ave. - 7th/6th St. S.W. 24000 3 3.00 0.00 0.25 0.50 0.25 6.2 
4th Ave. - 6th/5th St. S.W. 21000 2 3.00 000 0.50 0.50 0.25 7.5 
4th Ave. - 5th/4th St. S.W. 29000 4 3.20 0.00 0.75 0.25 5.6 
4th Ave. - 4th/3rd St. S.W. 29000 4 4.60 0.00 0.00 0.25 2.6 
4th Ave. - 3rd/2nd St. S.W. 30000 4 3.00 0.00 0.50 0.50 025 6.3 
4th Ave. -2nd/1stSt. S.W. 29000 3 3.00 0.75 0.00 0.25 0.50 025 7.7 
4th Ave. - 1st/Center St. S.W 27000 4 3 00 1.50 0.00 0.25 0.50 025 7.2 
4th Ave. - Center/1st St. S.E. 29000 4 3.70 0.00 0.25 0.25 0.25 4.5 
4th Ave. -1st/2ndSt. S.E. 42000 4 4.10 0.00 000 0.50 0.25 5.2 

Westbound 
3rd Ave. - 8th/7th St. S.W. 2218 1 3.20 0 00 0.00 0.50 3.1 
3rd Ave. - 7th/6th St. S.W. 730 1 3.50 0 75 0.00 0.00 0.50 2.8 
3rd Ave. • 6th/5th St. S.W. 3669 1 6.00 0.00 0.25 0.50 0.25 -0.4 
3rd Ave. - 5th/4th St. S.W. 3419 1 6.00 0.00 0.00 0.50 0.25 -0.7 
3rd Ave. - 4th/3rd St. S.W. 4787 1 5.50 0.00 0.00 0 50 0.25 0.6 
3rd Ave. - 3rd/2nd St. S.W. 4485 1 3.80 0.00 0.50 0.50 0.25 3.8 
3rd Ave. -2nd/1stSt. S.W. 5525 1 3.60 0.00 0.25 0.50 0.25 4.3 
3rd Ave. • 1st/Center St. S.W. 4862 1 4.00 0.00 0.75 0.50 0.25 3.9 
3rd Ave. - Center/1 st St. S.E. 5500 1 3.60 0.00 0.75 0.50 0.25 4.8 
Riverfront Ave, 1st/2nd St.S.E. 6500 1 4.50 0.00 0.00 0.50 0.25 2.9 

Eastbound 
3rd Ave. - 8th/7th St. S.W. 2000 1 2.60 0.25 0.00 0.00 0.50 4.2 
3rd Ave. • Tth/eth St. S.W. 2644 1 3.50 0.00 0.00 0.50 2.8 
3rd Ave. • 6th/5th St. S.W. 2356 1 6 00 0.25 0.00 0.50 0.25 -0.9 
3rd Ave. - 5th/4th St. S.W. 5060 1 6 00 0.00 0.25 0.50 0.25 0.2 
3rd Ave. - 4th/3rd St. S.W. 4394 1 6.00 0.00 0.50 0.50 0.25 0.1 
3rd Ave. - 3rd/2nd St. S.W. 5184 1 4.00 0.00 1.00 0.50 0.25 4.2 
3rd Ave. -2nd/1stSt. S.W. 2184 1 3.60 0.00 0.75 0.50 0.25 3.4 
3rd Ave. • 1st/Center St. S.W. 1880 1 4.20 0.50 0.00 0.50 0.50 025 2.6 
3rd Ave. • Center/1st St. S.E. 965 1 4.00 0.00 0.50 0.50 0.25 2.0 
Riverfront Ave, 1st/2nd St.S.E. 6500 1 4.80 0 00 0.00 0.50 0.25 2.5 

Westbound 
2nd Ave. - 7th/6th St. S.W. 1200 1 3.70 0 25 0.25 0.75 000 0.50 0.50 3.6 
2nd Ave. • 6th/5th St. S.W. 1500 1 3.70 0.00 0.00 0.50 0.25 2.2 
2nd Ave. - 5th/4th St. S.W. 1911 1 3.90 0.00 0.25 0.50 0.25 2.3 
2nd Ave. - 4th/3rd St. S.W. 4199 1 6.20 0.25 0.00 0.25 0.25 -0.8 
2nd Ave. - 3rd/2nd St. S.W. 3045 1 5 00 0 00 0.25 0.50 025 1.0 
2nd Ave. -2nd/1stSt. S.W. n/a 1 5 00 0.00 0.00 0.50 0.25 n/a 
2nd Ave. - 1st/Center St. S.W. 2500 1 5.20 0.00 0.75 0.50 0.25 0.9 
2nd Ave. - Center/1st St. S.E. 2337 1 2.50 0.00 0.00 0.50 0.25 4.5 

Eastbound 
2nd Ave. - 7th/6th St. S.W. 2168 1 4.60 0.25 0.25 0.75 0.00 025 0.50 2.3 
2nd Ave - 6th/5th St. S.W. 2250 1 4.50 0.25 0.50 0.50 0.25 2.0 
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2nd Ave. - 5th/4th St. S.W. 3000 1 4.70 0.25 0.00 0.50 0.25 1.5 
2nd Ave. - 4th/3rd St. S.W. 3762 1 4.70 0.25 0.25 0.25 0.50 0.25 2.3 
2nd Ave. - 3rd/2nd St. S.W. 4342 1 3.90 0.00 0.50 0.50 0.25 3.6 
2nd Ave. -2nd/1stSt. S.W. n/a 1 3.90 0.00 0.25 0.50 0.25 n/a 
2nd Ave. - 1st/Center St. S.W. 2171 1 3.70 0.00 0.50 0.50 0.25 3.0 
2nd Ave. - Center/1st St. S.E. 2000 1 3.70 000 0.75 0.50 0.25 3.2 

9th St. - 9th/8th Ave. S.W. 9000 2 3.00 0.00 0.25 0.50 0.25 4.8 
9th St. - 8th/7th Ave. S.W. 9000 2 4.00 o.oo 0.25 0.50 0.25 3.2 
9th St. • 7th/6th Ave. S.W. 9000 2 4.00 0.00 0.25 0.50 0.25 3.2 
9th St. - 6th/5th Ave. S.W. 9000 2 3.80 0.00 0.25 0.25 0.25 3.3 
9th St. - 5th/4th Ave. S.W. 17000 4 380 0.00 0.25 0.25 2.9 

Northbound 
8th St. • 9th/8th Ave. S.W. 7000 2 2.80 0.25 0.00 025 025 0.25 4.8 
8th St. - 8th/7th Ave. S.W. 7000 2 5.20 0.75 0.50 0.00 0 25 0.25 1.6 
8th St. - 7th/6th Ave. S.W. 6500 2 3.50 025 0.75 0.25 0.50 0.50 0.25 5.0 
8th St. - 6th/5th Ave. S.W. 6500 2 3.80 0.25 0.25 0.25 0.25 3.0 
8th St. - 5th/4th Ave. S.W. 5000 1 3.60 0 50 0.75 0.00 025 0.50 025 5.3 
8th St. - 4th/3rd Ave. S.W. 5000 1 4.40 0.00 0.25 0.50 0.25 2.8 

Southbound 
8th St. - 9th/8th Ave. S.W. 7000 2 2.80 0.25 0.25 025 0.25 4.8 
8th St. • 8th/7th Ave. S.W. 7000 2 4.20 0.75 0.00 0 50 0.25 3.0 
8th St. - 7th/6th Ave. S.W. 2000 2 520 0.00 0.25 0.25 -0.7 
8th St. -4th/3rd Ave. S.W. 5000 1 4.00 0 00 0.25 0.50 0.25 3.4 

Northbound 
7th St. - 4th/3rd Ave. S.W. 3000 1 390 0.25 0.00 0.50 0.25 2.8 
7th St. - 3rd/2nd Ave. S.W. 1893 1 2.90 000 0.25 0.50 3.7 

Southbound 
7th St. - 9th/8th Ave. S.W. 9000 2 3.80 0.75 0.00 025 0.50 0.25 4.3 
7th St. - 8th/7th Ave. S.W. 9000 2 4.00 0.50 0.00 0.25 0.50 0.25 3.7 
7th St. • 7th/6th Ave. S.W. 9000 2 4.10 0.25 0.50 0.25 3.0 
7th St. • 6th/5th Ave. S.W. 9000 2 3.40 0.00 0.25 0.50 0.25 0.25 4.4 
7th St. - 5th/4th Ave. S.W. 9000 2 3.40 0.00 0.25 0.50 0.25 4.2 
7th St. - 4th/3rd Ave. S.W. 497 1 3.90 0.25 0.25 0.50 0.25 2.0 
7th St. - 3rd/2nd Ave. S.W. 1027 1 2.90 0.25 0.25 0.50 3.6 

Northbound 
6th St. - 9th/8th Ave. S.W. 9000 2 3.60 0.50 0.00 0.50 0.50 0.25 4.6 
6th St. - 8th/7th Ave. S.W. 9000 2 4.00 000 0.25 0.25 2.7 
6th St. - 7th/6th Ave. S.W. 9000 2 4.50 0.75 0.50 0.75 000 0.25 0 50 0.25 4.4 
6th St. - 6th/5th Ave. S.W. 9000 2 3.40 0.75 0.00 0.25 0.50 025 4.9 
6th St. - 5th/4th Ave. S.W. 7500 1 4.10 0.00 0.50 0.50 0.25 4.5 
6th St. • 4th/3rd Ave. S.W. 4000 1 500 0.25 0.75 0.00 1.00 0.50 0.25 3.1 
6th St. • 3rd/2nd Ave. S.W. 554 1 4.10 0 00 000 0.50 0.25 1.2 

Southbound 
6th St. - 4th/3rd Ave. S.W. 2218 1 3.50 0.25 0.00 0.25 050 0.25 3.4 
6th St. - 3rd/2nd Ave. S.W. 2000 1 5.80 0.50 0.25 050 0.25 -0.2 

Northbound 
5th St. - 4th/3rd Ave. S.W. 4000 1 3.50 0.25 0.00 0.50 0.25 3.8 
5th St. - 3rd/2nd Ave. S.W. 3208 1 6.00 0.25 0.00 0.50 0.25 -0.6 

Southbound 
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5th St. - 9th/8th Ave. S.W. 15000 2 3.40 0.75 0.00 0.50 0.25 5.9 
5th St. - 8th/7th Ave. S.W. 18000 4 3.10 0.00 0.25 0.25 0.25 4.4 
5th St. - 7th/6th Ave. S.W. 18000 4 3.00 0.75 0.00 0.25 0.50 0.25 5.6 
5th St. - 6th/5th Ave. S.W. 15000 3 2.00 0.00 0.50 0.25 0.25 6.7 
5th St. - 5th/4th Ave. S.W. 14000 3 3.00 0.00 0.25 0.50 0.25 4.9 
5th St. - 4th/3rd Ave. S.W. 1027 1 3.20 0.25 0.25 0.50 0.25 3.4 
5th St. - 3rd/2nd Ave. S.W. 1000 1 6.00 0.25 0.25 0.50 0.25 -1.2 

Northbound 
4th St. - 9th/8th Ave. S.W. 15000 2 3.30 0.00 0.50 0.25 0.25 5.6 
4th St. - 8th/7th Ave. S.W. 17000 5 3.80 1.50 0.00 0.25 0.25 4.1 
4th St. - 7th/6th Ave. S.W. 17000 5 3.10 0.75 0.00 0.25 0.25 4.5 
4th St. - 6th/5th Ave. S.W. 15000 3 3.30 0.50 0.00 0.00 0.25 0.25 4.6 
4th St. - 5th/4th Ave. S.W. 9000 2 4.00 0.00 0.50 0.50 0.25 3.5 
4th St. - 4th/3rd Ave. S.W. 4000 2 3.50 0.00 0.25 0.50 0.25 3.0 
4th St. • 3rd/2nd Ave S.W 2012 1 580 0.50 0.00 0.75 0.50 0.25 0.3 

Southbound 
4th St. - 4th/3rd Ave. S.W. 7665 1 3.50 0.25 0.75 0.00 0.25 0.50 0.25 6 3 
4th St. • 3rd/2nd Ave. S.W. 2951 1 6.00 0.00 0.25 0.50 0.25 -0.7 

Northbound 
3rd St. - 4th/3rd Ave. S.W. 4000 1 360 0.00 0.00 0.50 0.25 3.4 
3rd St. - 3rd/2nd Ave. S.W. 1427 1 3.60 0.25 0.00 0.00 0.50 0.25 2.6 

Southbound 
3rd St. - 9th/8th Ave. S.W. 9000 3 3.60 0.00 050 0.50 0.25 3.5 
3rd St. - 8th77th Ave. S.W. 9000 2 3.60 0.00 0.00 0.50 0.25 3.6 
3rd St. • 7th/6th Ave. S.W. 9000 2 3.60 0.25 0.00 0.25 0 50 0.25 4.1 
3rd St. - 6th/5th Ave. S.W. 9000 2 3.60 0.25 0.00 0.25 0.50 0.25 4.1 
3rd St. • 5th/4th Ave. S.W. 9000 2 3.60 0.00 0.00 0.50 0.25 3.6 
3rd St. - 4th/3rd Ave. S.W. 2031 1 3.60 0.25 0.00 0.00 0.50 0.25 2.9 
3rd St. - 3rd/2nd Ave. S.W. 1573 1 3.60 0.25 0.00 0.00 0.50 0.25 2.7 

Northbound 
2nd St. - 9th/8th Ave. S.W. 10000 2 6.10 0.00 0.50 0.25 -0.3 
2nd St. - 8th/7th Ave. S.W. 10000 2 2.80 0.00 0.25 050 0.25 5.4 
2nd St. - 7th/6th Ave. S.W. 10000 2 3.50 0.75 0.00 0.25 0.25 4.5 
2nd St. - 6th/5th Ave. S.W. 10000 2 330 000 0.00 0.25 0 25 4.1 
2nd St. - 5th/4th Ave. S.W. 10000 1 6.00 0.00 0 00 0.50 0.25 1.9 
2nd St. - 4th/3rd Ave. S.W. 5000 1 460 0.00 0.25 0.50 0.25 2.4 
2nd St. - 3rd/2nd Ave. S.W. 2249 1 4.00 0.50 0.00 0.00 0.50 0.25 2.6 

Southbound 
2nd St. - 4th/3rd Ave. S.W. 3983 1 4.90 0.25 0.25 0.50 0.25 1.8 
2nd St. - 3rd/2nd Ave. S.W. 3663 1 3.80 0.00 0.25 050 0.25 3.2 

Northbound 
1st St. -9th/8thAve. S.W. 5500 2 3.50 0.75 0.25 0.00 0.25 3.6 
1st St. - 8th/7th Ave. S.W. 5500 2 360 0.75 0.25 0.25 0.25 3.7 
1st St. -7th/ethAve. S.W. 5500 2 2.40 0.25 0.25 0.50 0.25 5.4 
1st St. -6th/5th Ave. S.W. 6000 2 5.20 0.25 0.25 0.25 0.4 
1st St. -5th/4thAve. S.W. 5500 2 2.50 000 0.00 0.50 0.25 4.7 
1st St. -4th/3rd Ave. S.W. 4000 1 4.50 0.00 0.25 0.50 0.25 2.2 
1st St. -3rd/2ndAve. S.W. 827 1 4.70 0.00 0.25 0.50 0.25 0.6 

Southbound 
1st St. -9th/8thAve. S.W. 5500 2 3.50 0.25 0.25 0.25 3.1 
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1st St. -8th/7thAve. S.W. 5500 2 4 30 0.25 0.00 0.25 1.5 
1st St. -7th/6thAve. S.W. 5500 1 3.40 0.75 0.25 0.25 0.25 5.1 
1st St. - 6th/5th Ave. S.W. 6000 2 2.20 0.25 0.00 0.50 0.25 5.6 
1st St. -5th/4thAve. S.W. 5500 2 3.70 0.75 0.25 0.00 0.50 0.25 3.7 
1st St. -4th/3rdAve. S.W. 2748 1 4.30 0.25 0.00 0.50 0.25 2.0 
1st St. -3rd/2ndAve. S.W. 2000 1 4.20 0.00 0.25 0.50 0.25 1.9 

Northbound 
Centre St. • 9th/8th Ave. S.W. 5500 2 4.20 0.00 0.50 0.25 1.9 
Centre St. - 8th/7th Ave. S.W. 5500 2 3.60 0.00 0.50 0.25 2.9 
Centre St. - 7th/6th Ave. S.W. 5500 2 2.30 0.25 0.25 0.50 0.25 5.5 
Centre St. - 6th/5th Ave. S.W. 7500 2 3.20 0.75 0.00 0.00 0.25 4.2 
Centre St. - 5th/4th Ave. S.W. 9500 2 3.50 0.25 o.oo 025 3.6 
Centre St. - 4th/3rd Ave. S.W. 11500 2 3 50 0.50 0.00 0.25 4.3 
Centre St. • 3rd/2nd Ave. S.W. 11500 2 3.40 0.00 0 00 0.25 3.9 

Southbound 
Centre St. - 9th/8th Ave. S.W. 5500 2 3.70 0.00 0.25 0.25 2.5 
Centre St. - 8th/7th Ave. S.W. 5500 2 3.60 0.00 0.25 0.25 2.7 
Centre St. - 7th/6th Ave. S.W. 5500 2 2.80 0.50 0.25 0.50 0.25 5.0 
Centre St - 6îh'5th Ave S.W. 7500 2 3.50 0.75 0.25 0.25 0.25 4.2 
Centre St. • 5th/4th Ave. S.W. 9500 2 5.90 0.25 000 025 -0.3 
Centre St. • 4th/3rd Ave. S.W. 11500 2 3.60 0.75 0.75 000 0.25 5.1 
Centre St. - 3rd/2nd Ave. S.W 11500 2 3.60 0.75 0.00 0.00 0.25 4.4 

1st St. - 9th/8th Ave. S.E. 26000 4 5.00 0.00 0.25 0.25 1.9 
1st St. -8th/7thAve. S.E. 26000 4 3.20 0.00 0.50 0.25 5.1 
1st St. - 7th/6th Ave. S.E. 25000 4 3.30 0.75 0.75 0.00 0.25 0.25 6.1 
1st St. - 6th/5th Ave. S.E. 24000 4 3.90 0.00 0.25 0.25 3.5 
1st St. -5th/4thAve. S.E. 25000 4 5.20 0.75 0.00 0.00 0.25 1.9 
1st St. -4th/3rdAve. S.E. 10000 4 2.70 0.00 0.50 0.50 0.25 4.8 
1st St. • 3rd/2nd Ave. S.E. 8000 3 4.60 0.00 0.00 0.50 0.25 1.2 

2nd St. - 9th/8th Ave. S.E. 29000 4 3.50 0.75 0.00 000 050 0.25 5.6 
2nd St. • 8th/7th Ave. S.E. 29000 4 3.50 0.25 0.75 0.00 0.00 0.50 0.25 5.9 
2nd St - 7th/6th Ave. S.E. 29000 4 3.50 0.00 0.00 0.50 0.25 4.9 
2nd St. - 6th/5th Ave. S.E. 22000 3 3.60 0.00 0.00 0.25 0.25 4.5 
2nd St. - 5th/4th Ave. S.E. 10000 2 6.00 000 0.00 0.50 0.25 -0.1 
2nd St. - 4th/Riverfront. S.E. 5000 2 4.80 0.50 0.00 0 50 050 0.25 0.25 2.1 

* Values in Italics are estimates 
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Appendix 7 - Raw Intersection Data 

Intersections 
• 

Geometric 
Factor 
Values Location Value Formula 

Location (travelling 
on X at Y) 

Cross 
Street 

Volume* 

Volume on 
Route Being 

Indexed 
Right 

Turn Lane 

Dual 
Right 
Turns 

One, Two 
Way 
Stop 

Two 
Through 

Lanes 

Three or 
More 

Through 
Lanes 

Substandard 
Curb Radii 

Restricted 
Sight 

Distance 

Substandard 
Clearance 

Interval 

Intersection 
Evaluation Index 

(IEI) Value 

9th Ave. / 9th St. S.W. 9000 32000 0.5 0 6.2 
9th Ave. / 8th St. S.W. n/a 31000 0 n/a 
9th Ave. / 7th St. S.W. 0 35000 0.5 0 6.0 
9th Ave. /6th St. S.W. 0 29000 0.5 0 5.4 
9th Ave. / 5th St. S.W. 15000 26000 0.5 5.9 
9th Ave. / 4th St. S.W. n/a 26000 0 n/a 
9th Ave. / 3rd St. S.W. 9000 33000 0.5 0 6.3 
9th Ave. /2nd St. S.W. 0 25000 0.5 0 5.0 
9th Ave./1st St. S.W. 12000 22000 0.5 5.2 
9th Ave. / Center St. S.W. 0 22000 0.5 0 4.7 
9th Ave. / 1st St. S.E. 26000 17000 1.00 0.5 6.6 
9th Ave. / 2nd St. S.E. 31000 19000 0.5 0 6 3 

Westbound 
8th Ave. /9th St. S.W. 6000 4000 no 1.8 

8th Ave. / 8th St. S.W. 13500 4000 no 2.2 
8th Ave / 7th St. S.W 7500 4000 no 1.8 

8th Ave. / 6th St. S.W. 8000 4000 no 1.9 
8th Ave. / 5th St. S.W. 16500 4000 no 2.4 
8th Ave. / 4th St. S.W. 16000 3000 no 2.2 
8th Ave. / 3rd St. S.W. 8000 150 no 0 9 
8th Ave. /2nd St. S.W. 10000 150 no 1.0 
8th Ave./1st St. S.W. 11000 150 no 1.1 
8th Ave. / Center St S.E. 11000 150 no 1.1 
8th Ave. / 1st St. S.E. 25500 150 no 2 6 
8th Ave. / 2nd St. S.E. n/a 150 no 0 0.0 

Eastbound 
8th Ave. / 9th St. S.W. 6000 4000 no 1.8 
8th Ave. / 8th St. S.W. 13500 4000 no 2.2 
8th Ave. / 7th St. S.W. 7500 4000 no 1.8 
8th Ave. / 6th St. S.W. 8000 4000 no 1.9 
8th Ave. / 5th St. S.W. 16500 4000 no 2.4 
8th Ave. / 4th St. S.W. 16000 2000 no 2.0 
8th Ave. / 3rd St. S.W. 8000 150 no 0 0.9 

6th Ave. / 9th St. S.W. 6000 21000 0.5 0 4.8 
6th Ave. / 8th St. S.W. 12000 26000 0.5 5.7 
6th Ave. / 7th St. S.W. 7500 25000 0.5 5.3 
6th Ave. / 6th St. S.W. 8000 27000 0.5 0.25 5.8 
6th Ave. / 5th St. S.W. 15000 30000 0.5 0 75 7.1 
6th Ave. / 4th St. S.W. 17000 28000 0.5 6.2 
6th Ave. / 3rd St. S.W. 6000 27000 0.5 5.4 
6th Ave. / 2nd St. S.W. 10000 25000 0.5 5.4 
6th Ave. / 1st St. S.W. 11500 25000 0.5 5.5 
6th Ave. / Center St. S.E. 13000 24000 0.5 025 5.7 
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6th Ave. / 1st St. S.E. 24000 25000 0.5 0.75 7.2 
6th Ave. / 2nd St. S.E. 29000 18000 0.5 6 0 

5th Ave. / 9th St. S.W. 17000 11000 0.5 4.1 
5th Ave. / 8th St. S.W. 10000 22000 0.5 0 5.1 
5th Ave. / 7th St. S.W. 10000 24000 0.5 0.25 5.6 
5th Ave. / 6th St. S.W. 10000 22000 0.5 0 5.1 
5th Ave. /5th St. S.W. 14000 24000 0.5 5.6 
5th Ave./4th St. S.W. 15000 23000 0.5 0.75 6.3 
5th Ave. / 3rd St. S.W. 6000 29000 0.5 5.7 
5th Ave. / 2nd St. S.W. 10000 31000 0.5 0 6.1 
5th Ave./1st St. S.W. 11500 32000 0.5 6.3 
5th Ave. / Center St. S.E. 17000 31000 0.5 6.6 
5th Ave./1st St. S.E. 24500 27000 0.5 0.25 6.9 
5th Ave. / 2nd St. S.E. 22000 28000 0.5 0.75 7.4 

4th Ave. / 9th St. S.W. 17000 26000 0.5 6.0 
4th Ave. / 8th St. S.W. 10000 21000 0.5 5.0 
4th Ave. / 7th St. S.W. 10000 24000 0.5 5.3 
4th Ave. / 6th St. S.W. 10000 21000 0.5 0.25 5.2 
4th Ave. / 5th St. S.W. 8000 29000 0.5 5.8 
4th Ave. / 4th St. S.W. 10000 29000 0.5 5.9 
4th Ave. 13rd St. S.W. 6000 30000 0.5 5.8 
4th Ave. / 2nd St. S.W. 10000 29000 0.5 5.9 
4th Ave./1st St. S.W. 11000 27000 0.5 5.7 
4th Ave. / Center St. S.E. 21000 29000 0.75 0.5 7.4 
4th Ave. / 1st St. S.E. 12000 42000 0.5 0.75 8.2 
4th Ave. / 2nd St. S.E. 10000 40000 0.5 7.1 

Westbound 
3rd Ave. 18th St. S.W. 200 2218 0.5 no 0.5 0 3.1 
3rd Ave. / 7th St. S.W. 4027 730 no 0 0.8 
3rd Ave. / 6th St. S.W. 6000 3669 no 1.7 
3rd Ave. / 5th St. S.W. 5000 3419 no 1.7 
3rd Ave. / 4th St. S.W. 7000 4787 no 2.0 
3rd Ave. / 3rd St. S.W. 6000 4485 no 1.9 
3rd Ave./2nd St. S.W. 9000 5525 no 2.2 
3rd Ave./1st St. S.W. 6000 4862 no 2.0 
3rd Ave. / Center St. S.E. 23000 6500 no 3.4 

Eastbound 
3rd Ave. / 7th St. S.W. 4027 2000 no 0 1.3 
3rd Ave. / 6th St. S.W. 6000 2644 no 1.5 
3rd Ave. / 5th St. S.W. 5000 2356 no 1.4 
3rd Ave. / 4th St. S.W. 7000 5060 no 2.0 
3rd Ave. / 3rd St. S.W. 6000 4394 no 1.9 
3rd Ave. / 2nd St. S.W. 9000 5184 no 2.1 
3rd Ave./1st St. S.W. 6000 2184 no 1.4 
3rd Ave. / Center St. S.E. 23000 1880 no 2.6 
3rd Ave./1st St. S.E. 8000 965 0.5 no 0 1.6 

Westbound 
2nd Ave. 17th St. S.W. 1500 2168 no 0 1.5 
2nd Ave. / 6th St. S.W. 1500 2500 no 0 1.7 
2nd Ave. / 5th St. S.W. 1500 1911 no 0 1.5 
2nd Ave. / 4th St. S.W. 2000 4199 no 0 2.0 
2nd Ave. / 3rd St. S.W. 1500 3045 no 1.8 
2nd Ave. /2nd St. S.W. 8500 3045 no 1.7 
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2nd Ave./1st St. S.W. 3000 2170 no 0 1.4 
2nd Ave. / Center St. S.E. 23000 2337 no 2.7 
Riverfront Ave./2nd Ave S.E. 2337 12500 0.5 no 3.7 
Riverfront Ave./lst St. S.E. 6000 12500 0.25 3.5 
Riverfront Ave./2nd St. S.E. 8000 12500 0.5 no 3.8 

Eastbound 
2nd Ave. / 7th St. S.W. 1500 2168 0.5 no 0 2.0 
2nd Ave. / 6th St. S.W. 1500 2500 no 0 1.7 
2nd Ave. / 5th St. S.W. 1500 2750 no 0 1.7 
2nd Ave. / 4th St. S.W. 2000 3762 no 0 1.9 
2nd Ave. / 3rd St. S.W. 1500 4342 no 2.1 
2nd Ave. / 2nd St. S.W. 3000 858 no 08 
2nd Ave. / 1st St. S.W. n/a nd no 
2nd Ave. / Center St. S.E. 23000 2171 no 2.7 
2nd Ave./Riverfront Ave. S.E. 12500 2000 0.5 no 0 2.2 
Riverfront Ave./1st St. S.E. 8000 12500 no 3.3 
Riverfront Ave./2nd St. S.E. 5000 12500 0.5 no 3.7 

Streets 
9th St / 9th Ave. S.W. 30000 9000 0.5 0.5 5.4 
9th St / 8th Ave. S.W. 10000 9000 0.25 3.1 
9th St / 7th Ave. S.W. 500 9000 0.25 3.1 
9th St / 6th Ave. S.W. 21000 9000 0.75 0.25 3.9 
9th St / 5th Ave. S.W. 11000 9000 025 0.75 3.9 
9th St / 4th Ave. S.W. 12000 17000 0.5 4 6 

Northbound 
8th St / 9th Ave. S.W. n/a 7000 n/a 0 n/a 
8th St/8th Ave. S.W. 10000 7000 0.25 2.8 
8th St / 7th Ave. S.W. 500 7000 0.25 2.9 
8th St / 6th Ave. S.W. 26000 6500 0.25 0.75 4.7 
8th St / 5th Ave. S.W. 22000 6500 1.00 0.25 4.6 
8th St/4th Ave. S.W. 21000 5000 0.75 3.7 
8th St / 3rd Ave. S.W. 2218 5000 0 2.1 

Southbound 
8th St / 9th Ave. S.W. n/a 7000 0.25 0 n/a 
8th St / 8th Ave. S.W. 10000 7000 0.25 2 8 
8th St / 7th Ave. S.W. 500 2000 0.25 2.1 
8th St / 3rd Ave. S.W. 4027 2000 0.5 1.8 

Northbound 
7th St /3rd Ave. S.W. 3000 4000 0 1.8 
7th St / 2nd Ave. S.W. 1893 3000 0.5 0 2.2 

Southbound 
7th St /9th Ave. S.W. 31000 9000 0.25 0.5 0 5.2 
7th St/8th Ave. S.W. 10000 9000 0.25 3.1 
7th St/7th Ave. S.W. 500 9000 0.25 3.1 
7th St / 6th Ave. S.W. 25000 9000 1.00 0.25 5.2 
7th St / 5th Ave. S.W. 24000 9000 0.25 0.75 4.8 
7th St / 4th Ave. S.W. 24000 4000 3.1 
7th St / 3rd Ave. S.W. 730 3000 0 2.0 
7th St / 2nd Ave. S.W. 500 2000 0.5 0 2.4 

Northbound 
6th St / 8th Ave. S.W. 10000 9000 025 3.1 



Appendices 
6th St / 7th Ave. S.W. 500 9000 0.25 3.1 
6th St / 6th Ave. S.W. 27000 9000 0.25 0.75 5.1 
6th St / 5th Ave. S.W. 22000 9000 0.25 3.9 
6th St /4th Ave. S.W. 21000 9000 0.75 4.4 
6th St / 3rd Ave. S.W. 7200 4000 0.25 2.1 
6th St / 2nd Ave. S.W. 1200 3000 0 1.8 

Southbound 
6th St/4th Ave. S.W. 21000 4000 2 8 
6th St / 3rd Ave. S.W. 7200 3000 1.6 
6th St / 2nd Ave. S.W. 1200 1000 0 1.1 

Northbound 
5th St / 3rd Ave. S.W. 6260 4000 1.8 
5th St / 2nd Ave. S.W. 1911 1000 0 1.0 

Southbound 
5th St / 9th Ave. S.W. 29000 15000 0.5 0.75 6.3 
5th St / 8th Ave. S.W. 10000 18000 0.75 0.5 5.3 
5th St / 7th Ave. S.W. 500 18000 0.5 4.3 
5th St / 6th Ave. S.W. 30000 15000 1.00 0.25 0.25 6.7 
5th St / 5th Ave. S.W. 24000 14000 0.25 0.75 5.5 
5th St / 4th Ave. S.W. 29000 4000 0.25 3.8 
5th St / 3rd Ave. S.W. 5400 4000 18 
5th St 12nd Ave. S.W. 1911 1000 0 1.0 

Northbound 
4th St / 9th Ave. S.W. n/a 15000 0.5 0 n/a 
4th St / 8th Ave. S.W. 10000 17000 0.5 4.5 
4th St / 7th Ave. S.W. 500 17000 0.5 4.2 
4th St / 6th Ave. S.W. 28000 15000 0.5 0.75 6.2 
4th St 15th Ave. S.W. 23000 9000 1.00 0.25 5.0 
4th St / 4th Ave. S.W. 29000 4000 0.25 0.75 4.5 
4th St /3rd Ave. S.W. 9800 4000 2.0 
4th St / 2nd Ave. S.W. 8000 3000 1.6 

Southbound 
4th St/4th Ave. S.W. 29000 4000 0 3.5 
4th St / 3rd Ave. S.W. 9800 4000 2.0 
4th St / 2nd Ave. S.W. 8000 1000 0 1.1 

Northbound 
3rd St / 3rd Ave. S.W. 9600 4500 2.0 
3rd St /2nd Ave. S.W. 7100 4500 1.9 

Southbound 
3rd St / 9th Ave. S.W. 26000 9000 0.25 0.5 0 4.8 
3rd St 18th Ave. S.W. 2000 9000 0.25 3.0 
3rd St / 7th Ave. S.W. 500 9000 0.25 3.1 
3rd St / 6th Ave. S.W. 27000 9000 0.25 4.4 
3rd St / 5th Ave. S.W. 29000 9000 0.25 0.75 5.3 
3rd St / 4th Ave. S.W. 30000 4500 3.7 
3rd St / 3rd Ave. S.W. 9600 4500 2.0 
3rd St / 2nd Ave. S.W. 7100 1000 1.1 

Northbound 
2nd St / 9th Ave. S.W. 0 10000 0.25 0 3.3 
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2nd St / Stri Ave. S.W. 0 10000 0.25 3.3 
2nd St / 7th Ave. S.W. 500 10000 0.25 3.2 
2nd St / 6th Ave. S.W. 25000 10000 0.25 0.75 5.1 
2nd St / 5th Ave. S.W. 31000 10000 1.00 0.25 5.8 
2nd St / 4th Ave. S.W. 29000 10000 0.75 5.2 

2nd St / 3rd Ave. S.W. 10700 5000 2.2 
2nd St / 2nd Ave. S.W. 1500 5000 2 2 

Southbound 
2nd St / 4th Ave. S.W. 29000 10000 0.25 4.7 
2nd St / 3rd Ave. S.W. 10700 5000 2.2 
2nd St / 2nd Ave. S.W. 1500 5000 2.2 

Northbound 
1stSt/91h Ave. S.W. 23500 5500 0.25 3.5 
1st St /8th Ave. S.W. 0 5500 0.25 2.8 
1stSt/7th Ave. S.W. 500 5500 0.25 2.7 
1stSt/6th Ave. S.W. 25000 5500 0.25 0.75 4.4 
1st St/5th Ave. S.W. 32000 6000 4.1 
1stSt/4th Ave. S.W. 27000 5500 0.75 4.3 
1stSt /3rdAve. S.W. 7100 4000 1.8 
1stSt /2nd Ave. S.W. 2170 4000 0 1.9 

Southbound 
1stSt/9th Ave. S.W. 23500 5500 0.75 4.0 
1stSt/8th Ave. S.W. 250 5500 0.25 2.7 
1stSt/7th Ave. S.W. 500 5500 0.25 2.7 
1stSt/6th Ave. S.W. 25000 6000 0.25 3.7 
1stSt/5th Ave. S.W. 32000 5500 075 4.8 
1 st St / 4th Ave. S.W. 27000 4000 0.25 3.6 
1stSt /3rd Ave. S.W. 7100 4000 1.8 
1st S t /2nd Ave. S.W. 2170 3000 0 1.7 

Northbound 
Center St / 8th Ave. S.W. 250 5500 0.25 2.7 
Center St / 7th Ave. S.W. 500 5500 0.25 2.7 
Center St / 6th Ave. S.W. 24000 5500 0.25 075 4.3 
Center St / 5th Ave. S.W. 31000 7500 0.25 4.5 
Center St / 4th Ave. S.W. 29000 9500 0.25 0.75 5.3 
Center St / 3rd Ave. S.W. 8280 11500 0.25 3.4 
Center St / 2nd Ave. S.W. 4750 11500 0.25 3.3 

Southbound 
Center St /9 th Ave. S.W. 22000 5500 0.25 0.5 0 3.9 
Center St /8th Ave. S.W. 250 5500 0.25 2.7 
Center St /7th Ave. S.W. 500 5500 0.25 2.7 
Center St / 6th Ave. S.W 24000 7500 0.25 0.25 4.1 
Center St / 5th Ave. S.W. 31000 9500 0.25 0.75 5.5 
Center St /4th Ave. S.W. 29000 11500 0.25 4.9 
Center St / 3rd Ave. S.W. 8280 11500 0.25 3.4 
Center St / 2nd Ave. S.W. 4750 14500 0.25 3.7 

Southbound 
1stSt/9th Ave. S.E. 22000 26000 0.5 0.75 7.1 
1stSt/8th Ave. S.E. 250 26000 0.5 5.1 
1st St / 7th Ave. S.E 500 25000 0.5 5.0 
1st St/6th Ave. S E 25000 24000 0.5 6.4 



Appendices 
1st St /5th Ave. S.E. 27000 25000 0.5 0.75 7.4 
1st St /4th Ave. S.E. 42000 10000 0.5 6.1 
1st St /3rd Ave. S.E. 965 8000 0.5 0 3.2 

Northbound 
2nd St / 9th Ave. S.E. 17000 31000 0.5 6.6 
2nd St / 8th Ave. S.E. 250 29000 0.5 5.4 
2nd St / 7th Ave. S.E. 500 29000 0.5 5.4 
2nd St /6th Ave. S.E. 18000 29000 0.5 0.75 7.2 
2nd St / 5th Ave. S.E. 28000 22000 1.00 0.5 7.4 
2nd St /4 th Ave. S.E. 40000 10000 0.25 0.75 6.4 
2nd St / Riverfont Ave. S.E. 12500 5000 0.75 0.5 no 0 3.6 
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Appendix 8 - Calculation Data 
Street Sect ions Results In tersect ions Resul ts Averages Categor ies 

Location of Block Section 
RSI 

Formula 
peak hour 

equ iv 
Location (travelling on X at 

Y) IEI Formula Street In tersect ions R a t i n a Descr ip t ion 

9th Ave. - 9th/8th St. S.W. 4.30 9th Ave. / 9th St. S.W. 6.16 9th Avenue 

9th Ave. - 8th/7th St. S.W. 4.71 9th Ave. / 8th St. S.W. n/a 4.28 avg 5.74 5.0 Fair 

9th Ave. - 7th/6th St. S.W. 4.20 9th Ave. / 7th St. S.W. 6.00 4.25 median 5.93 5.1 Fair 

9th Ave. - 6th/5th St. S.W. 4.22 9th Ave. / 6th St. S.W. 5.40 

9th Ave. - 5th/4th St. S.W. 6.23 9th Ave. / 5th St. S.W. 5.87 

9th Ave. - 4th/3rd St. S.W. 3.41 9th Ave. / 4th St. S.W. n/a 0 - 4 Excellent 

9th Ave. - 3rd/2nd St. S.W. 2.97 9th Ave. / 3rd St. S.W. 6.27 4 - 5 Good 

9th Ave. -2nd/1st St. S.W. 3.33 9th Ave. / 2nd St. S.W. 5.00 5 - 6 Fair 

9th Ave. - 1 st/Center St. S.W. 4.80 9th A v e . / 1 s t St. S.W. 5.19 6+ Poor 

9th Ave. - Center/1st St. S.E. 4.80 9th Ave. / Center St. S.W. 4.70 

9th Ave. - 1st/2nd St. S.E. 4.09 9th A v e . / 1 s t St. S.E. 6.59 

Average 4.28 9th A v e . / 2 n d St. S.E. 6.26 

Average 5.74 

Westbound Westbound 8th Avenue Westbound 

8th Ave. - 9th/8th St. S.W. 2.60 3.47 8th Ave. / 9th St. S.W. 1.80 1.78 avg 1.59 1.7 Excellent 

8th Ave. - 8th/7th St. S.W. -1.01 -0.15 8th Ave. / 8th St. S.W. 2.21 2.03 median 1.82 1.9 Excellent 

8th Ave. - 7th/6th St. S.W. 2.28 3.14 8th Ave. / 7th St. S.W. 1.85 

8th Ave. - 6th/5th St. S.W. 2.03 2.89 8th Ave. / 6th St. S.W. 1.87 

8th Ave. - 5th/4th St. S.W. 3.17 4.03 8th Ave. / 5th St. S.W. 2.44 

8th Ave. - 4th/3rd St. S.W. 3.59 4.24 8th Ave. / 4th St. S.W. 2.22 

8th Ave. - 3rd/2nd St. S.W. 1.19 1.25 8th Ave. / 3rd St. S.W. 0.85 

8th Ave . -2nd /1s tS t . S.W. 2.43 2.49 8th Ave. / 2nd St. S.W. 1.04 8th Avenue Westbound (One-way section only) 

8th Ave. - 1 st/Center St. S.W. 1.93 1.99 8th A v e . / 1 s t St. S.W. 1.14 1.43 1.18 1.3 Excellent 

8th Ave. - Center/1st St. S.E. 1.93 1.99 8th Ave. / Center St. S.E. 1.14 

8th Ave. - 1st/2nd St. S.E. -0.59 -0.53 8th A v e . / 1 s t St. S.E. 2.58 

Average 1.78 2.25 8th Ave. / 2nd St. S.E. 0.00 

Average 1.59 

Average one way 1.43 Average one way 1.18 

Eastbound Eastbound 

8th Ave. - 9th/8th St. S.W. 3.75 4.61 8th Ave. / 9th St. S.W. 1.80 8th Avenue Eastbound 

8th Ave. - 8th/7th St. S.W. 0.72 1.58 8th Ave. / 8th St. S.W. 2.21 2.53 avg 1.86 2.2 Excellent 

8th Ave. - 7th/6th St. S.W. 1.78 2.64 8th Ave. / 7th St. S.W. 1.85 2.52 median 1.87 2.2 Excellent 
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8th Ave. - 6th/5th St. S.W. 1.94 2.80 8th Ave. / 6th St. S.W. 1.87 

8th Ave. - 5th/4th St. S.W. 3.90 4.76 8th Ave. / 5th St. S.W. 2.44 8th Avenue both ways: avg Excellent 

8th Ave. - 4th/3rd St. S.W. 3.10 3.53 8th Ave. / 4th St. S.W. 2.02 median 2.1 Excellent 

Average 2.53 3.32 8th Ave. / 3rd St. S.W. 0.85 Peak Hour (no intersections) 

Average 1.86 8th Avenue both ways: avg 2.6 Excellent 

median 2.8 Excellent 

6th Ave. - 9th/8th St. S.W. 6.09 6th Ave. / 9th St. S.W. 4.76 6th Avenue 

6th Ave. - 8th/7th St. S.W. 5.98 6th Ave. / 8th St. S.W. 5.67 5.33 avg 5.84 5.6 Fair 

6th Ave. - 7th/6th St. S.W. 6.88 6th Ave. / 7th St. S.W. 5.29 5.49 median 5.71 5.6 Fair 

6th Ave. - 6th/5th St. S.W. 4.92 6th Ave. / 6th St. S.W. 5.79 

6th Ave. - 5th/4th St. S.W. 2.93 6th Ave. / 5th St. S.W. 7.08 

6th Ave. - 4th/3rd St. S.W. 5.04 6th Ave. / 4th St. S.W. 6.24 

6th Ave. - 3rd/2nd St. S.W. 5.49 6th Ave. / 3rd St. S.W. 5.44 

6th Ave. -2nd/1stSt . S.W. 4.73 6th Ave. / 2nd St. S.W. 5.43 

6th Ave. - 1 st/Center St. S.W. 6.04 6th A v e . / 1st St. S.W. 5.52 

6th Ave. - Center/1st St. S.E. 6.51 6th Ave. / Center St. S.E. 5.75 

6th Ave. - 1st/2nd St. S.E. 4.00 6th A v e . / 1 s t St. S.E. 7.17 

Average 5.33 6th Ave. / 2nd St. S.E. 5.97 

Average 5.84 

5th Ave. - 9th/8th St. S.W. 6.90 5th Ave. / 9th St. S.W. 4.09 5th Avenue 

5th Ave. - 8th/7th St. S.W. 6.42 5th Ave. / 8th St. S.W. 5.08 6.21 avg 5.89 6.0 Poor 

5th Ave. - 7th/6th St. S.W. 6.31 5th Ave. / 7th St. S.W. 5.56 6.39 median 5.88 6.1 Poor 

5th Ave. - 6th/5th St. S.W. 6.08 5th Ave. / 6th St. S.W. 5.08 

5th Ave. - 5th/4th St. S.W. 4.85 5th Ave. / 5th St. S.W. 5.56 

5th Ave. - 4th/3rd St. S.W. 7.19 5th Ave. / 4th St. S.W. 6.26 

5th Ave. - 3rd/2nd St. S.W. 6.39 5th Ave. / 3rd St. S.W. 5.66 

5th Ave . -2nd /1s tS t . S.W. 4.03 5th Ave. / 2nd St. S.W. 6.11 

5th Ave. - 1 st/Center St. S.W. 8.32 5th Ave. / 1st St. S.W. 6.32 

5th Ave. - Center/1 st St. S.E. 7.23 5th Ave. / Center St. S.E. 6.59 

5th Ave. - 1st/2nd St. S.E. 4.55 5th Ave. / 1st St. S.E. 6.95 

Average 6.21 5th Ave. / 2nd St. S.E. 7.37 

Average 5.89 

4th Ave. - 9th/8th St. S.W. 4.40 4th Ave. / 9th St. S.W. 6.01 4th Avenue 

4th Ave. - 8th/7th St. S.W. 5.84 4th Ave. / 8th St. S.W. 4.95 5.74 avg 6.10 5.9 Fair 

4th Ave. - 7th/6th St. S.W. 6.24 4th Ave. / 7th St. S.W. 5.31 5.84 median 5.83 5.8 Fair 
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4th Ave. - 6th/5th St. S.W. 7.49 4th Ave. / 6th St. S.W. 5.20 

4th Ave. - 5th/4th St. S.W. 5.62 4th Ave. / 5th St. S.W. 5.77 

4th Ave. - 4th/3rd St. S.W. 2.58 4th Ave. / 4th St. S.W. 5.89 

4th Ave. - 3rd/2nd St. S.W. 6.29 4th Ave. / 3rd St. S.W. 5.77 

4th Ave. - 2nd/1st St. S.W. 7.66 4th Ave. / 2nd St. S.W. 5.89 

4th Ave. - 1 st/Center St. S.W. 7.24 4th A v e . / 1 s t St. S.W. 5.72 

4th Ave. - Center/1st St. S.E. 4.55 4th Ave. / Center St. S.E. 7.41 

4th Ave. - 1st/2nd St. S.E. 5.20 4th A v e . / 1 s t St. S.E. 8.21 

Average 5.74 4th Ave. / 2nd St. S.E. 7.10 

Average 6.10 

Westbound Westbound 3rd Avenue Westbound 

3rd Ave. - 8th/7th St. S.W. 3.10 3.58 3rd Ave. / 8th St. S.W. 3.08 2.45 avg 2.08 2.3 Excellent 

3rd Ave. - 7th/6th St. S.W. 2.77 2.93 3rd Ave. / 7th St. S.W. 0.78 3.10 median 1.98 2.5 Excellent 

3rd Ave. - 6th/5th St. S.W. -0.39 0.40 3rd Ave. / 6th St. S.W. 1.73 

3rd Ave. - 5th/4th St. S.W. -0.74 -0.01 3rd Ave. / 5th St. S.W. 1.65 

3rd Ave. - 4th/3rd St. S.W. 0.62 1.65 3rd Ave. / 4th St. S.W. 1.99 

3rd Ave. - 3rd/2nd St. S.W. 3.78 4.75 3rd Ave. / 3rd St. S.W. 1.90 

3rd Ave. -2nd/1s tSt . S.W. 4.27 5.46 3rd Ave. / 2nd St. S.W. 2.21 

3rd Ave. - 1 st/Center St. S.W. 3.85 4.90 3rd Ave. / 1st St. S.W. 1.98 

3rd Ave. - Center/1 st St. S.E. 4.76 5.95 3rd Ave. / Center St. S.E. 3.39 

Average 2.45 3.29 Average 2.08 

Eastbound Eastbound 3rd Avenue Eastbound 

3rd Ave. - 8th/7th St. S.W. 4.25 4.68 3rd Ave. / 7th St. S.W. 1.27 2.08 avg 1.76 1.9 Excellent 

3rd Ave. - 7th/6th St. S.W. 2.78 3.35 3rd Ave. / 6th St. S.W. 1.48 2.58 median 1.61 2.1 Excellent 

3rd Ave. - 6th/5th St. S.W. -0.92 -0.41 3rd Ave. / 5th St. S.W. 1.38 

3rd Ave. - 5th/4th St. S.W. 0.16 1.25 3rd Ave. / 4th St. S.W. 2.05 3rd Avenue both ways: avg 2.1 Excellent 
3rd Ave. - 4th/3rd St. S.W. 0.15 1.09 3rd Ave. / 3rd St. S.W. 1.88 median 2.3 Excellent 

3rd Ave. - 3rd/2nd St. S.W. 4.23 5.35 3rd Ave. / 2nd St. S.W. 2.15 

3rd Ave . -2nd /1s tS t . S.W. 3.44 3.91 3rd A v e . / 1 s t St. S.W. 1.35 Peak Hour (no intersections) avg 3.0 Excellent 

3rd Ave. - 1st/Center St. S.W. 2.58 2.99 3rd Ave. / Center St. S.E. 2.64 median 3.2 Excellent 

3rd Ave. - Center/1st St. S.E. 2.04 2.25 3rd A v e . / 1 s t St. S.E. 1.61 

Average 2.08 2.72 Average 1.76 
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Westbound Westbound 2nd Avenue Westbound 

2nd Ave. - 7th/6th St. S.W. 3.63 2nd Ave. / 7th St. S.W. 1.55 2.11 avg 2.37 2.2 Excellent 

2nd Ave. - 6th/5th St. S.W. 2.25 2nd Ave. / 6th St. S.W. 1.65 2.29 median 1.79 2.0 Excellent 

2nd Ave. - 5th/4th St. S.W. 2.34 2nd Ave. / 5th St. S.W. 1.46 

2nd Ave. - 4th/3rd St. S.W. -0.76 2nd Ave. / 4th St. S.W. 1.97 

2nd Ave. - 3rd/2nd St. S.W. 0.99 2nd Ave. / 3rd St. S.W. 1.79 

2nd Ave. -2nd /1s tS t . S.W. n/a 2nd Ave. / 2nd St. S.W. 1.68 

2nd Ave. - 1 st/Center St. 
S.W. 0.95 2nd A v e . / 1 s t St. S.W. 1.40 

2nd Ave. - Center/1 st St. S.E. 4.55 2nd Ave. / Center St. S.E. 2.72 

Riverfront Ave, 1st/2nd 
St.S.E. 2.94 Riverfront Ave./2nd Ave S.E. 3.67 

Average 2.11 Riverfront Ave./1st St. S.E. 3.45 

Riverfront Ave./2nd St. S.E. 3.77 

Average 2.28 

Eastbound Eastbound 2nd Avenue Eastbound 

2nd Ave. - 7th/6th St. S.W. 2.29 2nd Ave. / 7th St. S.W. 2.05 2.53 avg 2.21 2.4 Excellent 

2nd Ave. - 6th/5th St. S.W. 1.99 2nd Ave. / 6th St. S.W. 1.65 2.37 median 2.06 2.2 Excellent 

2nd Ave. - 5th/4th St. S.W. 1.46 2nd Ave. / 5th St. S.W. 1.72 

2nd Ave. - 4th/3rd St. S.W. 2.27 2nd Ave. / 4th St. S.W. 1.88 2nd Avenue both ways: avg 2.3 Excellent 

2nd Ave. - 3rd/2nd St. S.W. 3.56 2nd Ave. / 3rd St. S.W. 2.07 median 2.1 Excellent 

2nd A v e . - 2 n d / 1 s t S t . S.W. n/a 2nd Ave. / 2nd St. S.W. 0.83 

2nd Ave. - 1 st/Center St. 
S.W. 3.02 2nd A v e . / 1 s t St. S.W. n/a 

2nd Ave. - Center/1 st St. S.E. 3.20 2nd Ave. / Center St. S.E. 2.69 

Riverfront Ave, 1st/2nd 
St.S.E. 2.45 2nd Ave./Riverfront Ave. S.E. 2.23 

Average 2.53 Riverfront Ave./1st St. S.E. 3.27 

Riverfront Ave./2nd St. S.E. 3.68 

Average 2.21 

9th St. - 9th/8th Ave. S.W. 4.84 9th St / 9th Ave. S.W. 5.36 9th Street 

9th St. - 8th/7th Ave. S.W. 3.21 9th St / 8th Ave. S.W. 3.10 3.50 avg 3.98 3.7 Excellent 

9th St. - 7th/6th Ave. S.W. 3.21 9th St / 7th Ave. S.W. 3.09 3.21 median 3.88 3.5 Excellent 

9th St. - 6th/5th Ave. S.W. 3.29 9th St / 6th Ave. S.W. 3.85 

9th St. - 5th/4th Ave. S.W. 2.94 9th S t / 5 t h Ave. S.W. 3.90 

Average 3.50 9th S t / 4 t h Ave. S.W. 4.57 

Average 3.98 

187 



Appendices 

Northbound Northbound 8th Street Northbound 

8th St. - 9th/8th Ave. S.W. 4.77 8th St / 9th Ave. S.W. n/a 3.75 avg 3.45 3.6 Excellent 

8th St. - 8th/7th Ave. S.W. 1.60 8th St / 8th Ave. S.W. 2.77 3.90 median 3.30 3.6 Excellent 

8th St. - 7th/6th Ave. S.W. 5.03 8th St / 7th Ave. S.W. 2.87 

8th St. - 6th/5th Ave. S.W. 3.04 8th St / 6th Ave. S.W. 4.65 

8th St. - 5th/4th Ave. S.W. 5.31 8th St / 5th Ave. S.W. 4.56 

8th St. - 4th/3rd Ave. S.W. 2.75 8th S t / 4 t h Ave. S.W. 3.73 

Average 3.75 8th St / 3rd Ave. S.W. 2.11 

Average 3.45 

Southbound Southbound 8th Street Southbound 

8th St. - 9th/8th Ave. S.W. 4.77 8th St / 9th Ave. S.W. n/a 2.63 avg 2.21 2.4 Excellent 

8th St. - 8th/7th Ave. S.W. 2.98 8th St / 8th Ave. S.W. 2.77 3.20 median 2.10 2.6 Excellent 

8th St. - 7th/6th Ave. S.W. -0.65 8th S t / 7 t h Ave. S.W. 2.10 

8th St. - 4th/3rd Ave. S.W. 3.41 8th St / 3rd Ave. S.W. 1.77 8th Street both ways: avg 3.2 Excellent 

Average 2.63 Average 2.21 median 3.0 Excellent 

Northbound Northbound 7th Street Northbound 

7th St. - 4th/3rd Ave. S.W. 2.77 3.42 7th S t / 3 r d Ave. S.W. 1.84 3.24 2.03 2.6 Excellent 

7th St. - 3rd/2nd Ave. S.W. 3.71 4.12 7th St / 2nd Ave. S.W. 2.22 3.24 median 2.03 2.6 Excellent 

Average 3.24 Average 2.03 

Southbound Southbound 7th Street Southbound 

7th St. - 9th/8th Ave. S.W. 4.29 5.25 7th St / 9th Ave. S.W. 5.20 3.62 avg 3.60 3.6 Excellent 

7th St. - 8th/7th Ave. S.W. 3.71 4.68 7th St / 8th Ave. S.W. 3.10 3.71 median 3.10 3.4 Excellent 

7th St. - 7th/6th Ave. S.W. 3.05 4.01 7th St / 7th Ave. S.W. 3.09 

7th St. - 6th/5th Ave. S.W. 4.44 5.41 7th St / 6th Ave. S.W. 5.18 7th Street both ways: avg 3.4 Excellent 

7th St. - 5th/4th Ave. S.W. 4.19 5.16 7th St / 5th Ave. S.W. 4.85 median 3.1 Excellent 

7th St. - 4th/3rd Ave. S.W. 2.02 2.13 7th S t / 4 t h Ave. S.W. 3.09 

7th St. - 3rd/2nd Ave. S.W. 3.62 3.84 7th St / 3rd Ave. S.W. 1.98 Peak Hour (no intersections) avg 4.2 Good 

Average 3.62 4.35 7th St / 2nd Ave. S.W. 2.35 median 4.1 Good 

Average 3.60 
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Northbound Northbound 6th Street Northbound 

6th St. - 9th/8th Ave. S.W. 4.61 5.58 6th St / 8th Ave. S.W. 3.10 3.64 avg 3.36 3.5 Excellent 

6th St. - 8th/7th Ave. S.W. 2.71 3.68 6th St / 7th Ave. S.W. 3.09 4.39 median 3.10 3.7 Excellent 

6th St. - 7th/6th Ave. S.W. 4.39 5.36 6th St / 6th Ave. S.W. 5.10 

6th St. - 6th/5th Ave. S.W. 4.94 5.91 6th S t / 5 t h Ave. S.W. 3.93 

6th St. - 5th/4th Ave. S.W. 4.50 6.11 6th St / 4th Ave. S.W. 4.35 

6th St. - 4th/3rd Ave. S.W. 3.12 3.99 6th St / 3rd Ave. S.W. 2.08 

6th St. - 3rd/2nd Ave. S.W. 1.22 1.34 6th S t / 2 n d Ave. S.W. 1.85 

Average 3.64 4.57 Average 3.36 

6th Street Southbound 

1.56 avg 1.85 1.7 Excellent 

1.56 median 1.61 1.6 Excellent 

Southbound Southbound 

6th St. - 4th/3rd Ave. S.W. 3.36 3.84 6th St / 4th Ave. S.W. 2.82 6th Street both ways: avg 3.Q Excellent 

6th St. - 3rd/2nd Ave. S.W. -0.23 0.20 6th St / 3rd Ave. S.W. 1.61 median 3.1 Excellent 

Average 1.56 6th St / 2nd Ave. S.W. 1.13 

Average 1.85 Peak Hour (no intersections) avg 4.0 Excellent 

median 4.0 Excellent 

Northbound Northbound 5th Street Northbound 

5th St. - 4th/3rd Ave. S.W. 3.83 5th S t / 3 r d Ave. S.W. 1.81 1.62 avg 1.39 1.5 Excellent 

5th St. - 3rd/2nd Ave. S.W. -0.58 5th S t / 2 n d Ave. S.W. 0.98 1.62 median 1.39 1.5 Excellent 

Average 1.62 Average 1.39 

Southbound Southbound 5th Street Southbound 

5th St. - 9th/8th Ave. S.W. 5.89 5th S t / 9 t h Ave. S.W. 6.33 4.24 avg 4.34 4.3 Good 

5th St. - 8th/7th Ave. S.W. 4.43 5th S t / 8 t h Ave. S.W. 5.34 4.91 median 4.82 4.9 Good 

5th St. - 7th/6th Ave. S.W. 5.59 5th S t / 7 t h Ave. S.W. 4.30 

5th St. - 6th/5th Ave. S.W. 6.68 5th S t / 6 t h Ave. S.W. 6.67 5th Street both ways: avg 3.7 Excellent 

5th St. - 5th/4th Ave. S.W. 4.91 5th S t / 5 t h Ave. S.W. 5.54 median 4.3 Good 

5th St. - 4th/3rd Ave. S.W. 3.38 5th S t / 4 t h Ave. S.W. 3.79 

5th St. - 3rd/2nd Ave. S.W. -1.21 5th S t / 3 r d Ave. S.W. 1.79 

Average 4.24 5th St / 2nd Ave. S.W. 0.98 

Average 4.34 

Northbound Northbound 4th Street Northbound 

4th St. - 9th/8th Ave. S.W. 5.55 4th St / 9th Ave. S.W. n/a 3.64 avg 4.01 3.8 Excellent 

4th St. - 8th/7th Ave. S.W. 4.10 4th S t / 8 t h Ave. S.W. 4.46 4.10 median 4.46 4.3 Good 
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4th St. - 7th/6th Ave. S.W. 4.49 4th St / 7th Ave. S.W. 4.19 

4th St. - 6th/5th Ave. S.W. 4.55 4th St / 6th Ave. S.W. 6.25 

4th St. - 5th/4th Ave. S.W. 3.46 4th St / 5th Ave. S.W. 5.01 

4th St. - 4th/3rd Ave. S.W. 3.03 4th S t / 4 t h Ave. S.W. 4.54 

4th St. - 3rd/2nd Ave. S.W. 0.27 4th S t / 3 r d Ave. S.W. 1.96 

Average 3.64 4th St / 2nd Ave. S.W. 1.65 

Average 4.01 

Southbound Southbound 4th Street Southbound 

4th St. - 4th/3rd Ave. S.W. 6.29 4th S t / 4 t h Ave. S.W. 3.54 2.81 avg 2.21 2.5 Excellent 

4th St. - 3rd/2nd Ave. S.W. -0.68 4th St / 3rd Ave. S.W. 1.96 2.81 median 1.96 2.4 Excellent 

Average 2.81 4th St / 2nd Ave. S.W. 1.12 

Average 2.21 4th Street both ways: 3.5 Excellent 

4.1 Good 

Northbound Northbound 3rd Street Northbound 

3rd St. - 4th/3rd Ave. S.W. 3.41 4.27 3rd St / 3rd Ave. S.W. 2.05 3.02 avg 1.99 2.5 Excellent 

3rd St. - 3rd/2nd Ave. S.W. 2.63 2.94 3rd St / 2nd Ave. S.W. 1.94 3.02 median 1.99 2.5 Excellent 

Average 3.02 3.61 Average 1.99 

Southbound Southbound 3rd Street Southbound 

3rd St. - 9th/8th Ave. S.W. 3.51 4.16 3rd St / 9th Ave. S.W. 4.76 3.50 avg 3.41 3.5 Excellent 

3rd St. - 8th/7th Ave. S.W. 3.61 4.58 3rd St / 8th Ave. S.W. 2.99 3.61 median 3.40 3.5 Excellent 

3rd St. - 7th/6th Ave. S.W. 4.11 5.08 3rd S t / 7 t h Ave. S.W. 3.09 

3rd St. - 6th/5th Ave. S.W. 4.11 5.08 3rd St / 6th Ave. S.W. 4.35 3rd Street both ways: avg 3.3 Excellent 

3rd St. - 5th/4th Ave. S.W. 3.61 4.58 3rd St / 5th Ave. S.W. 5.27 median 3.4 Excellent 

3rd St. - 4th/3rd Ave. S.W. 2.88 3.31 3rd St / 4th Ave. S.W. 3.71 

3rd St. - 3rd/2nd Ave. S.W. 2.69 3.03 3rd St / 3rd Ave. S.W. 2.05 Peak Hour {no intersections) avg ¿ J . Good 

Average 3.50 4.26 3rd S t / 2 n d Ave. S.W. 1.06 median 4.3 Good 

Average 3.41 

Northbound Northbound 2nd Street Northbound 

2nd St. - 9th/8th Ave. S.W. -0.27 2nd St / 9th Ave. S.W. 3.25 2.93 avg 3.77 3.4 Excellent 

2nd St. - 8th/7th Ave. S.W. 5.37 2nd St / 8th Ave. S.W. 3.25 2.56 median 3.25 2.9 Excellent 

2nd St. - 7th/6th Ave. S.W. 4.48 2nd St / 7th Ave. S.W. 3.20 

2nd St. - 6th/5th Ave. S.W. 4.05 2nd St / 6th Ave. S.W. 5.07 

2nd St. - 5th/4th Ave. S.W. 1.89 2nd St / 5th Ave. S.W. 5.84 

2nd St. - 4th/3rd Ave. S.W. 2.43 2nd St / 4th Ave. S.W. 5.16 

2nd St. - 3rd/2nd Ave. S.W. 2.56 2nd St / 3rd Ave. S.W. 2.21 
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Average 2.93 2nd S t / 2 n d Ave. S.W. 2.19 

Average 3.77 

Southbound Southbound 2nd Street Southbound 

2nd St. - 4th/3rd Ave. S.W. 1.78 2nd St / 4th Ave. S.W. 4.66 2.49 avg 3.02 2.8 Excellent 

2nd St. - 3rd/2nd Ave. S.W. 3.20 2nd St / 3rd Ave. S.W. 2.21 2.49 median 2.21 2.3 Excellent 

Average 2.49 2nd St / 2nd Ave. S.W. 2.19 

Average 3.02 2nd Street both ways: avg 3.2 Excellent 

median 3.2 Excellent 

Northbound Northbound 1st Street Northbound 

1st St. -9th/8th Ave. S.W. 3.58 4.17 1st S t / 9 t h Ave. S.W. 3.53 2.93 avg 3.20 3.1 Excellent 

1st St. -8th/7th Ave. S.W. 3.66 4.26 1st S t / 8 t h Ave. S.W. 2.80 3.58 median 3.16 3.4 Excellent 

1st St. -7th/6th Ave. S.W. 5.37 5.97 1st S t / 7 t h Ave. S.W. 2.68 

1 st St. - 6th/5th Ave. S.W. 0.40 1.04 1st S t / 6 t h Ave. S.W. 4.41 

1st St. -5th/4th Ave. S.W. 4.71 5.30 1st S t / 5 t h Ave. S.W. 4.12 

1st St. -4th/3rd Ave. S.W. 2.19 3.05 1st S t / 4 t h Ave. S.W. 4.34 

1st St. -3rd/2nd Ave. S.W. 0.60 0.77 1st S t / 3 r d Ave. S.W. 1.83 

Average 2.93 3.51 1st S t / 2 n d Ave. S.W. 1.91 

Average 3.20 

Southbound Southbound 1st Street Southbound 

1st St. -9th/8th Ave. S.W. 3.08 3.67 1st S t / 9 t h Ave. S.W. 4.03 3.27 avg 3.14 3.2 Excellent 

1st St. -8th/7th Ave. S.W. 1.52 2.11 1st S t / 8 t h Ave. S.W. 2.74 3.08 median 3.17 3.1 Excellent 

1st St. - 7th/6th Ave. S.W. 5.09 6.27 1st S t / 7 t h Ave. S.W. 2.68 

1st St. -6th/5th Ave. S.W. 5.55 6.20 1st S t / 6 t h Ave. S.W. 3.74 1st Street both ways: avg 3.1 Excellent 

1st St. -5th/4th Ave. S.W. 3.75 4.34 1st S t / 5 t h Ave. S.W. 4.79 median 3.2 Excellent 

1st St. -4 th /3rdAve. S.W. 2.02 2.61 1st S t / 4 t h Ave. S.W. 3.61 

1st St. -3rd/2nd Ave. S.W. 1.88 2.31 1st S t / 3 r d Ave. S.W. 1.83 Peak Hour (no intersections) avg M Excellent 

Average 3.27 3.93 1st S t / 2 n d Ave. S.W. 1.68 median M Excellent 

Average 3.14 

Northbound Northbound Center Street Northbound 

Centre St. - 9th/8th Ave. S.W. 1.93 Center St / 8th Ave. S.W. 2.74 3.78 avg 3.75 3.8 Excellent 

Centre St. - 8th/7th Ave. S.W. 2.91 Center St / 7th Ave. S.W. 2.68 3.94 median 3.39 3.7 Excellent 

Centre St. - 7th/6th Ave. S.W. 5.54 Center St / 6th Ave. S.W. 4.32 

Centre St. - 6th/5th Ave. S.W. 4.22 Center St / 5th Ave. S.W. 4.49 

Centre St. - 5th/4th Ave. S.W. 3.63 Center St / 4th Ave. S.W. 5.34 

Centre St. - 4th/3rd Ave. S.W. 4.28 Center St / 3rd Ave. S.W. 3.39 

Centre St. - 3rd/2nd Ave. 3.94 Center St / 2nd Ave. S.W. 3.29 
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Exhibit 4.1 - Special Street Sections and Intersections 

2nd Avenue 

3rd Avenue 

4th Avenue 

5th Avenue 

6th Avenue 

7th Avenue 

8th Avenue 

9th Avenue 

Legend • 0,1 & 2-way Stop signs Substandard Clearance Interval 

3 & 4-way Stop signs Dead End Streets • Must Left: Restricted Sight Distance Transit Only Street • Overpasses: Not Assessed 
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Exhibit 4.8 - North & Southbound Street Section Values 
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Exhibit 4.9 - East & Westbound Street Section Values 
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Exhibit 4.10 - Averaged Intersection Values 

2nd Avenue 

3rd Avenue 

4th Avenue 

5th Avenue 

6th Avenue 

7th Avenue 

8th Avenue 

9th Avenue 

§1 
5 6 — 5 6 5 5 

Or • y - g i n b 
6.9 6.2 4.8 

: : •tlji-g^^. 
I 

I Î1ISÏ1 

3.1 

0 ! Iill 
t 

ri u 2.2 

o 

5.6 T 5 4 

4 2 3 - 1 — = • 

:.9 1 . 4 « l _ 7 1 

sani. nníis 

„0 

to 

I - ^ 1 - ^ 1 - ^ 1 - ^ ' i - ^ 1 - ^ ' i i r ^ l 

<o 4 PJ- I v A <o I <o' A <o' I <o A <o A (¾- A I <*>' A I / ! / 1 / 1 / 1 / 1 /1 / 1 / 1 / 1 / 1 /1 
# <f i f 4P ^ <i ¿ / / 

-1 o° 
Legend (¾ Overall Averaged Intersection Rating 

100 M 200 M 

4th Avenue 

5th Avenue 

6th Avenue 

7th Avenue 

8th Avenue 

9th Avenue 

Ofy o/ Calgary 2000 

The Bicycle Compatibility of Streets in Downtown Calgary 



Exhibit 4.11 - Locations Exhibiting greater than 1.0 difference in Values, and High Traffic Sections 
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Exhibit 4 .12 - P roposed Routes th rough the Downtown 

Legend • • • • • • • • • • • • • • • • • Existing on-Street Bicycle Route 

mm mm mm Proposed on-Street Bicycle Route 

Recommended Bicycle Lane / Wide Curb Lane 

• • • • • • H H H i H H Existing Pathway 
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Exhibit 5.1 - Worst-Rated Street Sections & Intersections 
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Exhibit 5.2 - Values & Ratings for Streets and Street Sections 
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Exhibit 5.6 - "Hot Spots': Problem Locations in the Core 
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