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Sixteenth Land Holdings Inc. 
4134 16th Avenue Lands 
City of Markham 
4134 16th Avenue  
Traffic Impact Study Update Report 
West Side Plan of Subdivision 
East Side Plan of Subdivision 
 
 

1 Introduction 
 
Sixteenth Land Holdings Inc. has retained Poulos & Chung Limited (PC) to prepare analyses and 
studies in support of Draft Plans of Subdivision (West Side and East Side) application to permit 
the development of a residential community on the subject property. 
 
The property is municipally known as 4134 16th Avenue, in the City of Markham, Region of 
York.  The property is located in Part lots 16, 17 and 18, Concession 5.  Except for an area 
adjacent to Kennedy Road, the balance of the property is currently used by its former owner 
York Downs Golf & Country Club for a golf course. 
 
The location of the subject Property is shown in Figure 1.1. 
 
The property is a total of 168.64 hectares (416.72 acres), and is located on the north side of 16th. 
Avenue, on the west side of Kennedy Road, and has a small amount of frontage onto the east 
side of Warden Avenue as well.  There is existing residential development surrounding the 
property on all sides. 
 
A tributary of the Berczy Creek crosses the western portion of the property, and the Bruce Creek 
traverses the property in a roughly north / south direction, bisecting the property into west and 
east tableland areas. 
 
The current golf course use has been in operation since York Downs Golf & Country Club 
opened on site in the early 1970’s.  The current Official Plan designation of ‘Private Open 
Space’ for the areas outside of the valley lands reflects this historic golf course use.   
 
Sixteenth Land Holdings Inc. intends to develop the property for a residential community and is 
submitting an OPA to redesignate the developable portion of the property from ‘Private Open 
Space’ to appropriate urban residential designations to permit the development of residential 
uses. A separate Transportation Assessment Study has also been filed in support of the OPA 
application. 
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Since the submission of the October 2016 Traffic Impact Study the Project Team has acquired 
input from the public and authorities. This has resulted in updated draft plans of subdivision for 
the east and west portions of the property. 
 
The updated East draft plan of subdivision contains a total of 1,257 dwelling units 
 
The updated West draft plan of subdivision contains a total of 1,164 dwelling units. 
 
This submission updates the development impact assessment and also provides additional 
analyses and outputs to respond to comments received from the authorities. 
 

2 Basis of Analysis 
 
The key background information, parameters and analysis process steps presented in the October 
2016 Traffic Impact Study continue to be applied in this update report. 

3 Updated Draft Plans of Subdivision 
  
The updated Composite Plan is shown in Figure 3.1. 
 
The following table compares the resultant dwelling unit count in the updated plan to the original 
number of dwelling units contained in the October 2016 submission. 
 

Table 1 
 

Dwelling Unit Count Comparison 
Between  

Initial and Updated Draft Plans 
 

Residential Unit Type Original Plans Updated Plans 
   
Single Detached Lots 1087 988 
Townhouses 597 660 
Mid Rise Townhouses 227 323 
Mid Rise Condominium 300 190 
Mixed Use Residential 210 210 
   
Total 2,421 2,371 
 
It is evident that the updated composite plan has 50 dwelling units less than the original plan. 
 
 
The updated West and East Draft Plans are shown in Figures 3.2 and 3.3 respectively. 
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4 Development Impact Assessment 

 

4.1 Draft Plans of Subdivision 
 

The new Composite Plan contains 2,371 dwelling units. 
 
The Traffic Impact Assessment Study submitted in October, 2016 assessed 2, 421 dwelling units. 
 
The new roadway network providing direct and convenient vehicular access to the subject lands 
is shown in Figure 4.1. 
 
The internal roadway network now contains a continuous north south collector road between 
Major Mackenzie Drive and 16th Avenue via the extension of Yorkton Boulevard and connection 
to Prospectors Drive. 
 
PC has examined in detail: 
 

• The revised dwelling unit type mix (for the updated plan, which has 2,371 dwelling 
units) and concludes that a slight reduction in vehicle trips inbound and outbound 
occurs in both the roadway AM and PM peak hours; 
 

• The previous detailed analysis outputs and concludes that the updated draft plan 
statistics do not change any of the results and performance measures as determined in 
the October 2016 Traffic Impact Assessment Study. 

 
Therefore the findings and conclusions of the October 2016 Traffic Impact Study do not change 
and continue to remain valid. 
 
 

4.2 Screenline and Intersection Capacity Analysis 
 

An expanded traffic analysis was undertaken for this update analysis. 

The expanded traffic analysis examined total traffic flows (background and development) for the 
typical weekday AM and PM peak hour peak direction of travel. The years examined included 
the anticipated development levels of 2021, 2024 and 2026. 

The expanded analysis is based upon: 

• The location of screenlines around the Block bounded by Major Mackenzie Drive, 
Kennedy Road, 16th Avenue and Warden Avenue; 
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• Calculating and examining at the sreenline locations the: 
 

o Arterial road intersection performance (based on the outputs produced by the 
Synchro Software program as contained in the October 2016 report); 
 

o The volume to capacity ratio produced at the screenline location by 
identifying the total peak hour peak direction of travel and dividing it by the 
available (screenline) individual lane capacity. 

The findings of the screenline and intersection capacity analysis are presented in the following 
Figures: 

• Figure 4.2 summarizes the roadway AM peak hour condition; 
• Figure 4.3 summarizes the roadway PM peak hour condition. 

It should be noted that years 2021 and 2024 did not include the road widening program. Year 
2026 included the road widening program. 

The expanded analysis clearly illustrates that in each year examined: 

• The available screenline capacity is greater than the forecast total vehicle demand. 
The total demand does not exceed the available screenline capacity with the exception 
of one time period, however; 
 

• The intersection capacity analysis shows that several arterial road intersections will 
experience vehicle demands greater than the capacity provided. 

It is apparent that the above capacity analysis differences can be partially explained by the fact 
that the intersections are controlled by traffic signals. The traffic signals allocate time to serve 
through and turning vehicle demands. Inherent in this division of time is lost time to clear 
vehicles after each cycle (amber / all red and lost time). The reduction in available time serves to 
increase delays resulting in the build up queues. 

However, the most significant reason for the difference between screenline and intersection 
capacity findings is the methodology and parameters set when the Synchro Software Program is 
used to assess intersection performance. 

Typical analysis process steps set certain defined software parameters. (In York Region the 
default Synchro Software parameters are maintained). These parameters control the the Synchro 
software analysis process and resultant outputs.  As an example upon examining existing 
intersection demands using Synchro, it is evident that the volume to capacity ratio output 
produced indicates that the theoretical capacity has been exceeded.  This implies that more traffic 
travelled through the intersection than is considered physically feasible. As a result, it is likely 
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that the default parameters in Synchro are resulting in an underestimation of the capacity of the 
intersection. Driver performance is more efficient than that calculated by the software program. 
The comparison to the screenline analysis indicates that this is likely the case. In actual fact since 
the total vehicle demand has been cleared by the intersection in the one hour period it can be 
concluded that the intersection has not reached capacity. It may be close to capacity but not over 
capacity. The parameters of the Synchro software program can be adjusted to reflect this 
efficiency and the result will be a better intersection volume to capacity ratio than that identified 
in the October 2016 analysis. 

If these same parameter adjustments are applied to the assessment of future horizon years then 
the resultant volume to capacity ratios will also be better than that identified in the October 2016 
analysis. 

5 Active Transportation System 
 
 
The Active Transportation System is shown in Figure 5.1. 
 
The key active transportation components include: 
 

• Sidewalks on both sides of all collector roads; 
 

• Sidewalk on one side of all local roads; 
 

• Exclusive bike lanes on the collector roads; 
 

• Trails and walkways within the Berczy Creek open space area, connecting to all areas 
of the community, with: 
 

• Connections to the bounding arterial roads including the existing trail network south 
of 16th Avenue. The connections to the existing trails south of 16th Avenue are 
accommodated at the pedestrian cross – walks located at existing and proposed 
intersections controlled by traffic signals. 
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6 Transit System 
 
The Transit System is shown in Figure 6.1. 
 
The transit system consists of: 
 

• Existing transit services operated by York Region Transit which are in service on 16th 
Avenue, Kennedy Road and Warden Avenue. It is expected that York Region Transit 
will continue to increase frequency of service as demand continues to increase. The 
16th Avenue service can be expected to be one of the first to be expanded when the 
High Occupancy Vehicle lanes are introduced through the planned widening 
program; 
 

• The opportunity to introduce transit on Street A (extension of Bur Oak Avenue). York 
Region Transit can either introduce a new transit route pattern or modify an existing 
local transit route to place service on this road. 

 
It is evident that the existing and planned transit system provides direct accessibility to all major 
attractors, generators and employment areas within the City of Markham. In addition direct 
transfers are available to the rapid transit network including VIVA and GO Transit. 

7 Non – Automotive Demand Analysis and Operational Capacity 
Verification 

 

7.1 Transit 
 
PC used the following methodology to estimate transit demand (2026) generated by the subject 
lands. 
 
The analysis steps included: 
 

• Using the forecast total site generated traffic flows in horizon year 2026; 
 

• Determining that the total auto related vehicle trips account for 79% (forecast auto 
related 2026) of total person trip making in the AM and PM peak hours; 

 
• Calculating the total person trip making by dividing the number of AM and PM 

vehicle trips generated by 0.79 and then: 
 

o Multiplying the resultant number by 1.2 to account for the vehicle passenger 
ratio; 
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• This resulted in the total person trip making during the roadway peak hours. The 
resultant number was then used as follows: 
 

o A ratio of 0.13 was applied to estimate the total transit person trips; 
o A ration of 0.04 was applied to estimate the total walk person trips; 
o A ratio of 0.01 was applied to estimate the total bicycle person trips. 

 
The resultant total person trip making by non – automotive modes of transportation during the 
roadway peak hours is shown in Figure 7.1. 
 
It is expected that non – automotive trips will have a similar trip distribution pattern as the 
vehicle mode of transportation. In addition, the distribution pattern will be influenced by the 
frequency and location of transit services. 
 
Figure 7.2 presents the transit demand during the roadway AM and PM peak hours. 
 
The transit demand was determined in two parts. The first part examined the vehicle flow pattern 
as directed toward the bounding arterial roads of 16th Avenue and Kennedy Road. A significant 
portion of the subject land population is located within a close proximity to the existing and 
planned arterial transit services. 
 
The second part estimated the transit demand attracted to the Street “A” transit service. 
 
For each part analyzed the governing criteria is the 5 minute or 400 meter walking distance to a 
transit service. 
 
It is evident that the entire subject lands are within a 5 minute or 400 meter walking distance to 
transit. 
 
PC can state that: 
 

• The total transit demand from the entire subject lands can be easily serviced and 
provided sufficient operating capacity by buses running on a 20 or 30 minute 
headway. This can be secured for both roadway peak hours; 
 

• It is anticipated that York Region Transit can modify and change service / route 
structures to constantly serve any change in demand at satisfactorily levels of service. 

 
 

7.2 Pedestrians 
 
The methodology to determine the pedestrian demand (2026) is presented in Section 7.1. 
 
The determined pedestrian demand generated by the subject lands in the AM and PM peak hours 
is shown in Figure 7.3. 
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The determined pedestrian demand by collector road segment was subjected to speed, density 
and volume calculations as recommended by the Highway Capacity Manual (HCM). 
 
These calculations enabled pedestrian volume space to be measured against walking speed 
within the sidewalk space. 
 
Appendix A contains an excerpt from the HCM describing the calculation process and the 
relationship to determining the resultant level of service. 
 
It is evident that all collector roads secure a Level of Service “A” during the roadway AM peak 
hour. Similarly the roadway PM peak hour secures the same level of service. 
 

7.3 Bicyclists 
 
The methodology to determine the bicycle demand (2026) is summarized in Section 7.1. 
 
The determined bicycle demand generated by the subject lands in the AM and PM peak hour is 
shown in Figure 7.4. 
 
Appendix B contains an excerpt from the HCM describing the capacity analysis for on – street 
bicycle facilities. 
 
This excerpt defines a level of service based upon the bicycle flow rate (bike / hour) as measured 
against the bicycle mean speed. 
 
Upon examining the bicycle demand and assuming the lowest bicycle speed it is evident that a 
Level of Service “A” can be secured. It is therefore concluded that all bicycle demands can be 
satisfactorily accommodated.  
 

7.4 Recreational 
 
The subject lands contain significant trails and walkways. These trails and walkways will mostly 
be used for recreational trip making. 
 
It can be expected that some pedestrians and bicyclists will use the trails and walkways during 
the roadway peak hours. 
 
The demand to use the trails and walkways either during the roadway peak hours or off peak 
hours can be expected to be low. The demand level in any hour of the day can be expected to be 
less that the pedestrian demand determined on the collector roads. 
 
The 3.0 meter space allocated for the trails and paths can provide sufficient operating capacity to 
satisfactory serve all total demands  
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8 Phasing Plan 
 

8.1 Updated Phasing Plan 
 
The updated Phasing plan is shown in Figure 8.1. 
 

8.2 Development Impact Assessment 
 
The new phasing plan contains 509 dwelling units. 
 
The Traffic Impact Assessment Study submitted in October, 2016 assessed 482 dwelling units as 
the initial stage of the phasing plan. 
 
This phasing plan contains an increase of 27 dwelling units. 
 
PC has examined in detail: 
 

• The revised dwelling unit type mix (for the updated plan, which has 509 dwelling 
units) and concludes that a slight increase in vehicle trips inbound and outbound 
occurs in both the roadway AM and PM peak hours; 
 

• This increase in vehicle trip making is negligible and only results in an increase of 
about 15 vehicle trips in the peak hour peak direction of travel. Inserting this new 
traffic flow into the intersection calculations did not cause a measurable change in the 
key output performance levels; 

 
• The previous detailed analysis outputs.  This leads PC to conclude that the updated 

Phase 1 statistics do not change any of the results and performance measures as 
determined in the October 2016 Traffic Impact Assessment Study. 

 
Therefore the findings and conclusions of the October 2016 Traffic Impact Study do not change 
and continue to remain valid. 
 
Detailed engineering continues to refine the delivery and location of services for the entire 
phasing plan. As these details are worked out minor adjustments could occur to the dwelling unit 
numbers. As these adjustments occur and if the dwelling unit number rises accordingly; further 
traffic analysis can be conducted. Such an approach, as stages are finalized will provide updated 
traffic flow information with additional accurate horizon year calculations. 
. 
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8.3 Travel Demand Management Plan 
 
Sixteenth Land Holdings Inc is committed to delivering the critical physical Travel Demand 
Management (TDM) elements and measures necessary to provide modal options and choices for 
residents to complete all trip purposes. 
 
Sixteenth Land Holdings Inc also recognizes the importance of working with the City, the 
Region and York Region Transit (YRT) to educate and incentivize residents to consider 
sustainable modes of transportation other than the automobile as they move into their new home.  
 
Residents after moving into their new home and living in the community for a few years have 
begun to establish travel modal choices.  At this point in time it is important that authorities ask 
them about their travel behavior and determine the uptake of TDM measures. This review and 
monitoring process will acknowledge and permit strengthening of successful measures and 
identify measures to be modified or bring forth new ones to further encourage change.  
 
It is recognized that detailed TDM plans will be prepared and submitted by phase of 
development. These TDM plans will take into account numerous transportation factors and 
opportunities including: 
 

• The planned improvements and additions to the Regional Roadway Network; 
 

• The incremental and planned improvements and additions to the transit system; 
 

• The connection of the subject lands active transportation systems to the planned area 
pedestrian, bicycle, trail and path system; 

 
• City of Markham municipal wide and York Region region-wide TDM initiatives; 

 
• Supporting and encouraging the use of increasing York Region (YRT and VIVA) 

transit service enhancements; 
 

• Supporting and encouraging the use of Smart Commute initiatives and incentives. 
 

Each TDM plan to be formulated will have a combination of “soft” and “hard" measures. “Soft” 
measures are those defined as using incentives, educational material and follow up surveys to 
measure uptake and success and to identify new or modified measures to further encourage non 
automobile travel. “Hard” measures are those identified as physical infrastructure designed to 
support and encourage TDM activity. This includes accessibility to and integration with transit. 
 
The City of Markham and York Region have introduced and continue to expand and modify: 
 

• TDM Policies and Programs; 
 

• Supporting Active Transportation facilities; 
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• Markham Active Transportation initiatives designed to support walking and 
bicycling. 

 
These initiatives can be summarized as follows: 
 

Table 8.1 
Summary of Municipal and Region TDM Initiatives 

 
Initial TDM Initiatives Summary Description Ongoing Authority Actions 

Education, Promotion and 
Outreach 

• Information and Education; 
• Target Marketing; 
• Special Events; 
• Recognition and Rewards; 
• Monitoring and Follow-Up 

• Development Charge based 
program continually developing 
and implementation by 
Authorities; 
 

Travel Incentives and 
Disincentives 

• Ride matching; 
• Information Services; 
• Road and Transit Pricing; 
• Work and School Based Incentives; 
• Site Specific Support Facilities*.  

• Smart Commute; 
 

Active Transportation 
 
 
 
Transit  

• Transportation Master Plan 
Directions*; 

• Secondary Plan Directions*. 
 
• Very good introductory transit 

service 
 
 

• Transit Target Modal Splits; 
• Pedestrian Networks; 
• Bicycle Networks; 
• Trails and Paths; 
• Continual transit route 

enhancements and increased 
frequency of service. 

 (*)  Sixteenth Land Holdings Inc will deliver infrastructure to permit residents to easily choose 
sustainable transportation modal options. 
 
The cornerstone of the Sixteenth Land Holdings Inc plan will be the delivery of the following 
hard measures: 
 

• The on – street bicycle lanes within each collector road; 
 

• The connecting trail and path network; 
 

• Integration and connection to transit including the installation of bicycle racks at the 
key bus stops. Key bus stops include along the arterial road, and along Street “A” the 
extension of Bur Oak Avenue and path / trail connections. 

 
The primary soft TDM measures are: 
 

• Education, promotion and outreach; 
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• Information packages; 

 
• Travel incentive (Presto Card purchase); 

 
• Initial meeting with residents where YRT will distribute Presto Cards and provide 

information about YRT and modal choice options; 
 

• Monitoring and survey program preparation by YRT and City of Markham; 
 

• Second information meeting with residents (after 2 years or so) where YRT and City 
of Markham will distribute survey forms and provide further follow up TDM 
information; 

 
• Third information meeting with residents (after 3 years or so) where YRT will present 

TDM uptake information, identify success and introduce further information 
packages 

 
Sixteenth Land Holdings Inc will provide support to YRT and the City of Markham as these 
information meetings occur. This will include: 
 

• Preparation of a Community Map illustrating scale and access to sustainable 
transportation services and facilities. This is to be made available to the authorities at the 
initial information meeting; 
 

• Assistance to YRT as they distribute information packages to each of the three resident 
information meetings. This includes: 

 
o Coordination and liaison with YRT to establish information meeting dates; 
 
o Names and addresses of residents; 

 
o Identification and securing of meeting room sufficient in size to accommodate 

all residents invited. This will be done for each of the 3 information meetings 
with residents. A 4 hour booking period will be secured; 

 
o Assistance to YRT during the information meetings to direct and organize 

attending residents. 
 
The initial stage of the phasing plan is to consist of 509 dwelling units. 
 
York Region and the City of Markham will be responsible for the purchase / distribution of 
Presto Cards and the preparation of information packages and survey materials to be distributed 
at any of the resident information meetings. 
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Sixteenth Land Holdings Inc. will provide a Line of Credit amount of ($75 x 509 dwelling units) 
$38,175.00 to coordinate and secure the resident meeting dates and meeting room venues. 
 
Remaining phases will include updated TDM plan submissions. 

9 Conclusions and Recommendations 
 
This updated transportation analysis provides the following conclusions: 

• The October 2016 Traffic Impact Analysis containing the detailed performance analysis of 
12 boundary road intersections continues to be valid for the: 

o The new Composite Plan and the new West and East Draft Plan of 
Subdivisions; 

o The updated Phase 1 development; 
 

• The October 26, 2016 traffic analysis is very conservative based upon the use of Synchro 
software default settings when analyzing intersection operations. This evidenced by the 
updated analysis presented in section 4.2 of this report, where screenline capacity is 
compared to arterial road intersection capacity; 

• Detailed engineering continues to refine the delivery and location of services for the entire 
phasing plan. As these details are worked out minor adjustments could occur to the dwelling 
unit numbers. As these adjustments occur and if the dwelling unit number rises accordingly; 
further traffic analysis can be conducted. Such an approach, as stages are finalized will 
provide updated traffic flow information with additional accurate horizon year calculations. 
As is evidenced by the screeline analysis; a more refined analysis can come forward as the 
phasing plan continues forward;  

 
• The subject lands including a significant portion of the planned residential dwelling units 

have excellent accessibility to existing transit along 16th Avenue and Kennedy Road. Upon 
completion of Street “A” and with the introduction of internal transit all of the dwelling units 
will be within a 5 minute walk of transit; 
 

• The active transportation system (sidewalks and exclusive bike lanes) along with the trail and 
path network provide: 

 
 

o Comfortable and convenient access to the internal public school, retail / 
commercial area and public school; 
 

o Direct and controlled connections to nearby retail commercial plaza and high 
school; 
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o Direct and controlled connections to the existing trail and path system south of 
16th Avenue; 
 

• The TDM plan presented contains the most recent enhancements and process steps identified 
by York Region and the City of Markham. 

This updated transportation analysis continues to support the recommendations contained in the 
October Traffic Impact Assessment report. 
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AM Peak Direction - Westbound AM Peak Direction - Southbound

Horizon 2021

 North South  Screeline A -East of Warden East  West Screeline C -   North of Major Mackenzie Dr.

Volumes Capacity V/C Volumes Capacity V/C

Major Mackenzie 2471 3089 0.80 Warden Ave 1574 2176 0.72

16th Avenue 2099 2937 0.71 Kennedy Rd. 1191 1609 0.74

Total SL  "A" 4081 5077 0.80 Total SL "C" 2765 3785 0.73

North South Screeline B -  East  of Kennedy East West Screeline D -  16 North of 16th Ave

Major Mackenzie 2085 2668 0.78 Warden Ave 1739 2008 0.87

16th Avenue 1538 2562 0.60 Kennedy Rd. 1946 1659 1.17

Bur Oak Ave. 651 976 0.67

Total SL "B" 1006 1413 0.71 Total SL "D" 3685 3667 1.00

Horizon 2024

 North South  Screeline A -East of Warden East  West Screeline C -   North of Major Mackenzie Dr.

Volumes Capacity V/C Volumes Capacity V/C

Major Mackenzie 2547 3433 0.74 Warden Ave 1638 2069 0.79

16th Avenue 2258 2475 0.91 Kennedy Rd. 1236 1553 0.80

Total SL  "A" 4805 5908 0.81 Total SL "C" 2874 3622 0.79

North South Screeline B -  East  of Kennedy East West Screeline D -  16 North of 16th Ave

Major Mackenzie 2139 2922 0.73 Warden Ave 1814 2249 0.81

16th Avenue 1583 1712 0.92 Kennedy Rd. 1946 2461 0.79

Bur Oak Ave. 670 1006 0.67

Total SL "B" 4392 5640 0.78 Total SL "D" 3760 4710 0.80

Horizon 2026

 North South  Screeline A -East of Warden East  West Screeline C -   North of Major Mackenzie Dr.

Volumes Capacity V/C Volumes Capacity V/C

Major Mackenzie 2832 3433 0.82 Warden Ave 1686 2069 0.81

16th Avenue 2482 2441 1.02 Kennedy Rd. 1273 1545 0.82

Total SL  "A" 5314 5874 0.90 Total SL "C" 2959 3614 0.82

North South Screeline B -  East  of Kennedy East West Screeline D -  16 North of 16th Ave

Major Mackenzie 2183 2916 0.75 Warden Ave 1893 2239 0.85

16th Avenue 1624 1694 0.96 Kennedy Rd. 3216 2320 1.39

Bur Oak Ave. 687 1022 0.67

Total SL "B" 4494 5632 0.80 Total SL "D" 5109 4559 1.12
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Horizon 2021

 North South  Screeline E -West of Warden East  West Screeline G -   Southof Major Mackenzie Dr.

Volumes Capacity V/C Volumes Capacity V/C

Major Mackenzie 2052 2542 0.81 Warden Ave 1640 2021 0.81

16th Avenue 1946 2245 0.87 Kennedy Rd. 1020 2119 0.48

Total SL  "E" 3642 4245 0.86 Total SL "G" 2660 4140 0.64

North South Screeline F-  West   of Kennedy East West Screeline H -   South  of 16th Ave.

Major Mackenzie 2026 2488 0.81 Warden Ave 1793 1943 0.92

16th Avenue 2033 2655 0.77 Kennedy Rd. 1760 1549 1.14

Bur Oak Ave. 70 575 0.12

Total SL "F" 123 911 0.14 Total SL "H" 3553 3492 1.02

Horizon 2024

 North South  Screeline E -West of Warden East  West Screeline G -   Southof Major Mackenzie Dr.

Volumes Capacity V/C Volumes Capacity V/C

Major Mackenzie 2134 2639 0.81 Warden Ave 1696 1790 0.95

16th Avenue 2053 2128 0.96 Kennedy Rd. 1050 1936 0.54

Total SL  "E" 4187 4767 0.88 Total SL "G" 2746 3726 0.74

North South Screeline F- West  of Kennedy East West Screeline H -   South  of 16th Ave.

Major Mackenzie 2076 2731 0.76 Warden Ave 1898 2093 0.91

16th Avenue 2050 2016 1.02 Kennedy Rd. 1828 1695 1.08

Bur Oak Ave. 51 506 0.10

Total SL "F" 4177 5253 0.80 Total SL "H" 3726 3788 0.98

Horizon 2026

 North South  Screeline E -West of Warden East  West Screeline G -   Southof Major Mackenzie Dr.

Volumes Capacity V/C Volumes Capacity V/C

Major Mackenzie 2386 2644 0.90 Warden Ave 1737 1706 1.02

16th Avenue 2211 2094 1.06 Kennedy Rd. 1092 1924 0.57

Total SL  "E" 4597 4738 0.97 Total SL "G" 2829 3630 0.78

North South Screeline F-  West  of Kennedy East West Screeline H -   South  of 16th Ave.

Major Mackenzie 2116 2723 0.78 Warden Ave 2048 2079 0.99

16th Avenue 2155 1967 1.10 Kennedy Rd. 1933 2169 0.89

Bur Oak Ave. 60 514 0.12

Total SL "F" 4331 5204 0.83 Total SL "H" 3981 4248 0.94

Screenline Volumes and Volume over Capacity
PM  Peak Hour  - Years 2021, 2024 and 2026

Figure 4.3

Intersection Volume/Capcity
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1.17(2026)

Intersection Volume/Capcity
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1.02 (2026)

Intersection Volume/Capcity

1.01(2021)
1.04(2024)
1.06 (2026)

Intersection Volume/Capcity

1.14 (2021)
1.14 (2024)
0.98 (2026)



15.208 Base J October 2017

16th Land Holdings Inc.
4134 16th Avenue Land  

4134 16TH AVENUE, CITY OF MARKHAM, REGION OF YORK

October 25, 2017 ACTIVE TRANSPORTATION PLAN

EXISTING RESIDENTIAL

EXISTING RESIDENTIAL

EXISTING RESIDENTIAL

EXISTING
OPEN 
SPACE

APPROVED DRAFT PLAN
YORKTON PHASE 2

EXISTING RESIDENTIAL

EXISTING RESIDENTIAL

EXISTING
RESIDENTIAL

EXISTING
RESIDENTIAL

EXISTING RESIDENTIAL

EXISTING RESIDENTIAL

G
LE

N
B
O

U
R

N
E
 P

A
R

K
 D

R
IV

E

EXISTING
OPEN SPACE

A
IT

K
E

N
 C

IR
C

L
E

WALNUT G
LEN P

LACE

SCOTT HALL COURT

S
A

D
D

L
E

W
O

R
T

H
 R

D
.

DELHI CRESCENT

WILFRED MURISON AVE.

NORMANDALE ROAD

BECKETT  AVENUE.

ROYAL COUNTY DOWN CRECENT

C
O

U
N
TR

Y
 E

S
TATE

S
 D

R
IV

E

NIPIGON AVENUE

G
L
E

N
R

ID
G

E
 D

R
IV

E

AITKEN CIRCLE

16th AVENUE

LEGEND
Existing Sidewalks

Approved Sidewalks 
(not yet constructed)

Proposed Sidewalks

Existing Trails / Walkways

Proposed Trails / Walkways

Existing Bike Lanes

Approved / Planned Bike Lanes
(not yet constructed)

Proposed Bike Lanes

Existing Shared Bike Route

Proposed Shared Bike Route

Existing Traffic Lights

Proposed Traffic Lights

Proposed Bus Stop

STREET 'A'

S
T

R
E

E
T

 'B
'

S
TR

E
E
T 

'B
'

STREET 'O'

STREET 'Y
' STREET 'BB'

STR
EET 'S

'

STREET 'L'

STR
EET 'R

'

STR
EET 'S'

STREET 'C'

STR
EET 'U

' STREET 'Y'

STR
EET 'Y'

S
T

R
E

E
T

 'M
'

S
T

R
E

E
T

 'K
'

S
T

R
E

E
T

 'J
'

S
T

R
E

E
T

 'I
'

S
T

R
E

E
T

 'H
'

S
T

R
E

E
T

 'K
'

S
T

R
E

E
T

 'J
'

STREET 'AA'

STREET 'V'

STREET 'U'

STREET 'Z'

STREET 'P' S
T

R
E

E
T

 'O
'

STR
EET 'Q

'

S
T

R
E

E
T

 'W
'

STR
EET 'A

'

STR
EET 'D

'

S
T

R
E

E
T

 'H
'

STREET 'AA'

S
T

R
E

E
T

 'I
'

S
T

R
E

E
T

 'X
'

S
T

R
E

E
T

 'N
'

S
T

R
E

E
T

 'N
'

S
T

R
E

E
T

 'B
'

STREET 'A'

STREET 'E'

STREET 'E'STREET 'G'

S
T.

 'F
'STREET 'I'

STR
EET 'T'

STREET 'V'

BLOCK 6
PARK
1.039ha

BLOCK  1
WOODLOT / WETLAND

7.385ha

BLOCK  3
SWM
5.782ha

BLOCK 2
SWM

1.029ha

BLOCK 5
PARK

2.286ha

BLOCK 4 
PARK
0.701ha

BLOCK 8
SCHOOL

BLOCK 7
PARK
0.229ha

2.457ha

BLOCK 9
MEDIUM DENSITY

1.908ha

BLOCK 10

 

Laneway TH 

Condo Block

0.689ha

BLOCK 17
WALKWAY

0.066ha
BLOCK 16 
WALKWAY

0.020ha

S
T

R
E

E
T

 'H
'

STR
EET 'A

'

S
TR

E
E
T 'B

'

STREET 'B'

S
T

R
E

E
T

 'C
'

S
T

R
E

E
T

 'D
'

STR
EET 'M

'

S
T

R
E

E
T

 'V
'

S
T

R
E

E
T

 'N
'

STREET 'G'

STR
EET 'S'

STR
EET 'K'

STREET 'J'

STREET 'F'

ST. 
'P

'

S
T

R
E

E
T

 'I
'

ST. 
'O

'

STREET 'Q'

STR
EET 'L

'

S
T

R
E

E
T

 'T
'

STREET 'U'

STREET 'U'

STR
EET 'K

'

S
T

R
E

E
T

 'J
'

STREET N
'

S
T

R
E

E
T

 'E
'

S
T

R
E

E
T

 'F
'

STREET 'E'

STREET 'F'

S
T

R
E

E
T

 'V
'

S
T.

 ‘R
’

S
T

R
E

E
T

 ‘W
’

BLOCK 10
PARK - 0.251ha

BLOCK 11BLOCK 4
PARK - 0.495haOPEN SPACE 0- .222ha

Existing Pedestrian

BLOCK  3
OPEN SPACE

6.103ha

Crossing

BRUCE CREEK

BR
U
C
E C

R
EEK

B
E
R

C
Z
Y
 C

R
E
E
K

BLOCK  2
OPEN SPACE

7.235ha

BLOCK 14BLOCK 8
MEDIUM DENSITYPARK

1.998ha1.335ha

BLOCK  1
OPEN SPACE

24.674ha

BLOCK 7
PARK
2.149ha

BLOCK 13
MEDIUM DENSITY

1.288ha

BLOCK 5
SWM

1.116ha BLOCK 6
SWM

BLOCK 12 1.379ha
MIXED-USE

3.527ha

B
L
O

C
K

 9

P
A

R
K

0
.2

6
5
h
a

Existing 
Pedestrian 
Crossing

Existing 
Pedestrian
Crossing

Existing 
Pedestrian Crossing

PARKSTONE ROAD

EXISTING PARK

W
A

R
D

E
N

 A
V

E
N

U
E

P
R

O
S

P
E

C
T

O
R

S
 D

R
IV

E

ANGUS GLEN BOULEVARD

ROYAL TROON CRECENT

Y
O

R
K

T
O

N
 B

O
U

L
E

V
A

R
D

BUR OAK AVE.

ANGUS GLEN        BOULEVARD

16th AVENUE 16th AVENUE

K
E

N
N

E
D

Y
 R

O
A

D

D
A

N
C

E
R

S
 D

R
IV

E

0m 100m 200m

Active Transportation System
Figure 5.1



15.208 Base J October 2017

16th Land Holdings Inc.
4134 16th Avenue Land  

4134 16TH AVENUE, CITY OF MARKHAM, REGION OF YORK

October 19, 2017 PROPOSED TRANSIT ROUTE

EXISTING RESIDENTIAL

EXISTING RESIDENTIAL

EXISTING RESIDENTIAL

EXISTING
OPEN 
SPACE

APPROVED DRAFT PLAN
YORKTON PHASE 2

EXISTING RESIDENTIAL

EXISTING RESIDENTIAL

EXISTING
RESIDENTIAL

EXISTING
RESIDENTIAL

EXISTING RESIDENTIAL

EXISTING RESIDENTIAL

G
LE

N
B
O

U
R

N
E
 P

A
R

K
 D

R
IV

E

EXISTING
OPEN SPACE

A
IT

K
E

N
 C

IR
C

L
E

WALNUT G
LEN P

LACE

SCOTT HALL COURT

S
A

D
D

L
E

W
O

R
T

H
 R

D
.

DELHI CRESCENT

WILFRED MURISON AVE.

NORMANDALE ROAD

BECKETT  AVENUE.

ROYAL COUNTY DOWN CRECENT

C
O

U
N
TR

Y
 E

S
TATE

S
 D

R
IV

E

NIPIGON AVENUE

G
L
E

N
R

ID
G

E
 D

R
IV

E

AITKEN CIRCLE

16th AVENUE

68B

18

16

8

LEGEND
Open Space

Parks

School

SWM Pond

#8

#16

#18

#68B

Proposed

Proposed Bus Stops

Bus Routes:

STREET 'A'

S
T

R
E

E
T

 'B
'

S
TR

E
E
T 

'B
'

STREET 'O'

STREET 'Y
' STREET 'BB'

STR
EET 'S

'

STREET 'L'

STR
EET 'R

'

STR
EET 'S'

STREET 'C'

STR
EET 'U

' STREET 'Y'

STR
EET 'Y'

S
T

R
E

E
T

 'M
'

S
T

R
E

E
T

 'K
'

S
T

R
E

E
T

 'J
'

S
T

R
E

E
T

 'I
'

S
T

R
E

E
T

 'H
'

S
T

R
E

E
T

 'K
'

S
T

R
E

E
T

 'J
'

STREET 'AA'

STREET 'V'

STREET 'U'

STREET 'Z'

STREET 'P' S
T

R
E

E
T

 'O
'

STR
EET 'Q

'

S
T

R
E

E
T

 'W
'

STR
EET 'A

'

STR
EET 'D

'

S
T

R
E

E
T

 'H
'

STREET 'AA'

S
T

R
E

E
T

 'I
'

S
T

R
E

E
T

 'X
'

S
T

R
E

E
T

 'N
'

S
T

R
E

E
T

 'N
'

S
T

R
E

E
T

 'B
'

STREET 'A'

STREET 'E'

STREET 'E'STREET 'G'

S
T.

 'F
'STREET 'I'

STR
EET 'T'

STREET 'V'

BLOCK 6
PARK
1.039ha

BLOCK  1
WOODLOT / WETLAND

7.385ha

BLOCK  3
SWM
5.782ha

BLOCK 2
SWM

1.029ha

BLOCK 5
PARK

2.286ha

BLOCK 4 
PARK
0.701ha

BLOCK 8
SCHOOL

BLOCK 7
PARK
0.229ha

2.457ha

BLOCK 9
MEDIUM DENSITY

1.908ha

BLOCK 10

 

Laneway TH 

Condo Block

0.689ha

BLOCK 17
WALKWAY

0.066ha
BLOCK 16 
WALKWAY

0.020ha

S
T

R
E

E
T

 'H
'

STR
EET 'A

'

S
TR

E
E
T 'B

'

STREET 'B'

S
T

R
E

E
T

 'C
'

S
T

R
E

E
T

 'D
'

STR
EET 'M

'

S
T

R
E

E
T

 'V
'

S
T

R
E

E
T

 'N
'

STREET 'G'

STR
EET 'S'

STR
EET 'K'

STREET 'J'

STREET 'F'

ST. 
'P

'

S
T

R
E

E
T

 'I
'

ST. 
'O

'

STREET 'Q'

STR
EET 'L

'
S

T
R

E
E

T
 'T

'

STREET 'U'

STREET 'U'

STR
EET 'K

'
S

T
R

E
E

T
 'J

'

STREET N
'

S
T

R
E

E
T

 'E
'

S
T

R
E

E
T

 'F
'

STREET 'E'

STREET 'F'

S
T

R
E

E
T

 'V
'

S
T.

 ‘R
’

S
T

R
E

E
T

 ‘W
’

BLOCK 10
PARK - 0.251ha

BLOCK 11BLOCK 4
PARK - 0.495haOPEN SPACE 0- .222ha

Existing Pedestrian

BLOCK  3
OPEN SPACE

6.103ha

Crossing

BRUCE CREEK

BR
U
C
E C

R
EEK

B
E
R

C
Z
Y
 C

R
E
E
K

BLOCK  2
OPEN SPACE

7.235ha

BLOCK 14BLOCK 8
MEDIUM DENSITYPARK

1.998ha1.335ha

BLOCK  1
OPEN SPACE

24.674ha

BLOCK 7
PARK
2.149ha

BLOCK 13
MEDIUM DENSITY

1.288ha

BLOCK 5
SWM

1.116ha BLOCK 6
SWM

BLOCK 12 1.379ha
MIXED-USE

3.527ha

B
L
O

C
K

 9

P
A

R
K

0
.2

6
5
h
a

Existing 
Pedestrian 
Crossing

Existing 
Pedestrian
Crossing

Existing 
Pedestrian Crossing

PARKSTONE ROAD

EXISTING PARK

W
A

R
D

E
N

 A
V

E
N

U
E

P
R

O
S

P
E

C
T

O
R

S
 D

R
IV

E

ANGUS GLEN BOULEVARD

ROYAL TROON CRECENT

Y
O

R
K

T
O

N
 B

O
U

L
E

V
A

R
D

BUR OAK AVE.

ANGUS GLEN        BOULEVARD

16th AVENUE 16th AVENUE

K
E

N
N

E
D

Y
 R

O
A

D

D
A

N
C

E
R

S
 D

R
IV

E

0m 100m 200m

Proposed Transit Route
Figure 6.1

N



15.208 Base J October 2017

16th Land Holdings Inc.
4134 16th Avenue Land  

Auto, Transit , Walk and Bicycle Trip Generation
Figure 7.1 

Vehicle Trips Residential Vehicle Trip Reduction 13% Modal Reduction Person Trips ( 1.2 vehicle Occupancy)
Employment Vehicle Trip Reduction 7%

Weekday Weekday Weekday Weekday Weekday Weekday

Land Uses Units ITE Code AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour

In Out Total In Out Total In Out Total In Out Total In Out Total In Out Total

Total Westside 1116 108 416 524 426 229 655 90 346 435 354 190 544 136 525 661 538 288 826

Total Eastside 1255 143 507 650 534 296 830 119 420 539 443 245 689 181 639 819 674 373 1046

Net Commercial Vehicle Trips 22 55 77 20 30 50 21 56 77 19 31 50 32 86 118 29 47 76

Elementary School ( Student) 600 600 149 122 270 44 46 90 123 101 224 37 38 75 900 900 1,800 200 200 400

Total  (Vehicle Trips) 2371 422 1100 1522 1025 600 1625 353 923 1276 853 504 1357 1249 2149 3398 1441 908 2348

Estimates based on number of students plus parents

Estimated Transit Trips Estimated Walk  Trips Estimated Cycling Trips

Weekday Weekday Weekday Weekday Weekday Weekday

Land Uses Units AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour

In Out Total In Out Total In Out Total In Out Total In Out Total In Out Total

Total Westside 1116 18 68 86 70 37 107 5 21 26 22 12 33 1 5 7 5 3 8

Total Eastside 1255 23 83 106 88 48 136 7 26 33 27 15 42 2 6 8 7 4 10

Net Commercial Vehicle Trips 4 11 15 4 6 10 1 3 5 1 2 3 0 1 1 0 0 1

Elementary School ( Student) 600 0 0 0 0 0 0 180 90 270 20 40 60 18 0 34 0 6 11

Total  (Vehicle Trips) 2371 45 162 208 161 92 253 194 140 334 70 68 138 22 12 50 12 13 31

Note No Public Transit is assumed for the school site It is assumed 20% of school trips by walk to school (AM) It is assumed 15% of school trips by Bicycle in bound)

10%outbound( AM) , 10% In and20% Out in the pm 0% Outbound (AM), o% (inbound) and 10% outbound
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Estimated Transit Demand from Subject Lands
AM ( PM) Peak Hour

Figure 7.2
 

400 m walking distance zones to 16th Avenue / Kennedy Road 

400 m walking distance zones to Bur Oak  
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XX (YY)  AM (PM) Transit Demand from the 400 walking distance zone
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U.S. Department of Transportation

Federal Highway Administration
1200 New Jersey Avenue, SE
Washington, DC 20590
202-366-4000

Federal Highway Administration Research and Technology
Coordinating, Developing, and Delivering Highway Transportation 
Innovations

This report is an archived publication and may contain dated technical, contact, and link information
Federal Highway Administration > Publications > Research Publications > Safety > Pedestrian and Bicyclist Safety > 

98108 > Capacity Analysis of Pedestrian and Bicycle Facilities 

Publication Number: FHWA-RD-98-108
Date: February 1998

Capacity Analysis of Pedestrian and Bicycle 
Facilities

Recommended Procedures for the "Bicycles" Chapter of the Highway Capacity Manual

2. UNINTERRUPTED BICYCLE FACILITIES
This section focuses on the operational analyses of uninterrupted bicycle facilities, including 
exclusive off–street bicycle paths, mixed–use off–street paths, and designated bicycle lanes (or 
paved shoulders). The concept of "frequency of events" is proposed as the service measure of 
effectiveness for all three types of uninterrupted bicycle facilities. Events, for these procedures, 
are bicycle maneuvers required by a bicyclist on a path, including passings (same direction 
encounters) and meetings (opposite direction encounters) as presented by Botma (1995). 

The total frequency of events on a facility for these procedures is related to the service volumes of 
bicycles using or projected to be using the facility, and does not have to be observed directly. 
Botma has determined the relationship between service volumes of bicycles and the frequencies 
of passings and meetings under a variety of conditions with the use of field studies and simulation. 
These relationships are based on certain assumptions regarding the mean speeds and speed 
distributions of bicycles and pedestrians, which are listed with the various procedures. The speeds 
of pedestrians and bicycles and their variability affect the number of passings and meetings that 
occur. If an analyst has detailed information available regarding local pedestrian and bicycle 
speeds, alternate volume/frequency relationships can be developed (Botma, 1995). However, the 
development of alternate equations will not be covered here. 

A "lane" for bicycles throughout the recommended procedures is considered to be approximately 
1.0 m (3.3 ft). However, the actual width of a bicycle facility is much less important than the 
number of effective bicycle lanes the facility operates with for these analyses. Each additional 
effective lane being used by bicyclists dramatically increases capacity irrespective of the width of 
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the facility. While this report assumes that 2.1– to 2.4–m (7– to 8–ft) paths and 3–m (10–ft) paths 
will typically operate with two and three effective lanes, respectively, a particular facility may 
operate with a different number of effective lanes. Therefore, it is imperative that the number of 
effective bicycle lanes be observed in the field where possible prior to conducting these analyses.

Pending the development of metric standards for bicycle facilities, it is expected that most of the 
existing 2.4–m– (8–ft–) wide bicycle facilities conforming to current American Association of State 
and Highway Transportation Officials (AASHTO) English unit standards (AASHTO, 1991) will 
operate as two–lane facilities. However, due to the additional width, one should keep in mind that 
the LOS derived using the two–lane procedures may be on the conservative side. Unfortunately, 
until further research is conducted regarding these procedures in the United States, it is 
impossible to quantify the effect of minor differences in path width for a given number of effective 
bicycle lanes. However, it is the opinion of the research team that the procedures contained in this 
document will apply to most of the current existing 2.4–m (8–ft) bicycle facilities in the United 
States. 

When using the following procedures, the analyst should note that bicycle flows have different 
peaking characteristics than motor vehicles. Bicycle volumes peak more abruptly, especially in the 
vicinity of college and university campuses. Daily volumes, or even hourly volumes, may not 
appear to be very substantial until this peaking is considered. One study in Madison, Wisconsin 
(Hunter and Huang, 1995), measured peak hour volumes as 10 to 15 percent of total daily volume 
at various locations. Another study in the state of Washington (Niemeier, 1996), conducted 
primarily in the Seattle area, measured peak hour factors between 0.52 and 0.82 at various 
locations. The applicability of these particular observations to other areas is unknown, but it is 
obvious from these numbers that failure to account for peaking characteristics when determining 
flow rates will often result in overly optimistic estimates of LOS. 

The two–lane path procedures have also been extended to three–lane paths using the three–lane 
volumes reported by Botma (1995) and the same weights between passings and meetings as for 
two–lane paths. Botma only reported frequencies for two–lane paths in his article because he was 
unsure of the extension to three lanes. Therefore, the three–lane facility analyses presented here 
should be used with caution. While it is expected that a two–way path with 3–m (10–ft) lanes will 
operate with more than two effective lanes, the exact relationship between number of lanes and 
lane width is not yet known for U.S. conditions, and may depend on local bicyclist behavior. 

Perhaps the most important thing to note when using the uninterrupted bicycle facility procedures 
is that LOS "F" is not equivalent to capacityfor the facility. An unacceptable number of events is 
always reached prior to capacity, and, in some cases, capacity can be almost twice the volume at 
which LOS F is reached. The procedures in this document are based on frequencies of events 
and perceived LOS, not on the carrying capacity of the facility.

2.1 Exclusive Off–Street Bicycle Paths

Exclusive off–street bicycle paths are separated from motor vehicle traffic and do not allow 
pedestrians. These facilities are often constructed to serve areas not served by city streets or to 
provide recreational opportunities for the public, as illustrated in Figure 1. These bicycle facilities 
accommodate the highest volumes of bicycles among the three types of uninterrupted facilities 
addressed in this document, and provide the best LOS because the bicycles are not forced to 
share the facility with other modes traveling at much higher or lower speeds. 

The following equations, which were originally presented by Botma (1995), are proposed for 
computing the total frequency of events on exclusive bicycle paths. The equations are set up for 
two–way bicycle paths. For one–way exclusive bicycle paths, a value of zero would be used for 
the bicycle volume traveling in the opposite direction of that being evaluated. 

Fpass= 0.188 (Vbike-sm) [1]

Fmeet= 2 (Vbike-op) [2]

Ftotal= 0.5(Fmeet) + Fpass [3]
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FIGURE 1: Exclusive bicycle path

where:

F pass = frequency of passing in events/h;

F meet = frequency of meeting in events/h;

F total = total weighted frequency of events in events/h;

V bike-sm = bike volume in the same direction being analyzed in bikes/h; and

V bike-op = bike volume in the opposite direction being analyzed in bikes/h.

The frequencies of meetings and passings 
resulting from these equations are based on 
the assumption that bicycle speeds on 
paths are normally distributed with a mean 
of 18 km/h (11.2 mi/h) and a standard 
deviation of 3 km/h (1.9 mi/h). These values 
are reasonable, based on the information 
reported in the Bicycle Literature Review 
Section of the Research Reportfor this 
project (Rouphail et al., 1997). If the 
observed mean speed or standard deviation 
of speed differs from these values, 
equations 1, 2, and 3 cannot be used. 
Consult Table 5 and Example 3 (described 
later) for such situations. 

Tables 1 and 2, which are based on 
Botma's work, are then proposed to convert 
the total frequency of events to LOS. 
Service volumes for a 50:50 directional split 
are provided in the tables for reference. If a 
50:50 directional split for the facility an be 
assumed, the LOS can be obtained directly 
by using the service volumes in the tables. For splits other than 50:50, Equations 1 through 3 can 
be used in combination with Tables 1 and 2. 

TABLE 1 Level of Service (LOS) for two-lane, two-way exclusive bicycle paths (2.1- to 2.4-m 
paths)

LOS Total frequency of 
events (events/h)

Two-lane service volume 
(bikes/h) in both directions 

(50:50 split)
A < 40 65
B < 60 105
C < 100 170
D < 150 250
E < 195 325
F ≥ 195 ------

SOURCE: Adapted from Botma, 1995.
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FIGURE 2: Mixed–use off–street bicycle path

TABLE 2 Level of Service (LOS) for three-lane, two-way exclusive bicycle paths (3–m 
paths)

LOS Total frequency of 
events (events/h)

Three-lane service volume 
(bikes/h) in both directions 

(50:50 split)
A < 90 150
B < 140 230
C < 210 350
D < 300 500
E < 375 630
F ≥ 375 ------

SOURCE: Adapted from Botma, 1995.

All the service volumes given in this section for exclusive paths assume "ideal" conditions. Lateral 
obstructions, extended sections with appreciable grades, and other local factors may reduce the 
LOS for a facility. Unfortunately, such factors have not been sufficiently documented to date to 
make a quantitative assessment of their effects. 

2.2 Mixed–Use, Off-Street Paths

Mixed-use, off-street paths, like exclusive 
bicycle paths, are separated from motor 
vehicle traffic. However, mixed-use paths 
allow others to use the path, including 
pedestrians, rollerbladers, rollerskaters, 
skateboarders, and those in wheelchairs 
and any other imaginable mode of non-
motorized transportation, as illustrated in 
Figure 2. Mixed-use paths are often 
constructed for the same reasons as 
exclusive bicycle paths: to serve areas not 
served by city streets or to provide 
recreational opportunities for the public. 
Mixed-use paths are also very common on 
university campuses in the United States 
because motor vehicle traffic and parking 
are often heavily restricted. In the United 
States, there are very few paths limited 
exclusively to bicycles. Most off-street paths in this country fall into the mixed-use path category. 

On mixed–use facilities, the presence of pedestrians can be detrimental to bicycle capacity 
because they move at much lower speeds. However, it is very difficult to establish a single 
bicycle/pedestrian equivalent value because the relationship between the two modes differs 
depending on their respective volumes, directional splits, and other conditions. 

Note that the LOS on a mixed–use facility is not necessarily the same from the viewpoint of 
pedestrians and bicycles. Pedestrian LOS on mixed–use paths is discussed separately in the 
pedestrian chapter of the Research Reportfor this project (Rouphail et al., 1997). 

The following equations, which were originally presented by Botma (1995), are proposed for 
computing the total frequency of events on mixed–use bicycle paths. The equations are set up for 
two–way bicycle paths. For the rare case of one–way mixed–use bicycle paths (i.e., a 100/0 
directional split), the analyst would enter a value of zero for both the bicycle and pedestrian 
volumes traveling in the opposite direction of that being evaluated. 
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Fpass = 3 (V ped–sm) + 0.188 
(V bike–sm)

[4]

F meet = 5 (V ped–op) + 2 (V 
bike–op)

[5]

F total = 0.5(F meet) + F pass [6]

where:

F pass = frequency of passing in events/h;

F meet = frequency of meeting in events/h;

F total = total weighted frequency of events in events/h;

V ped-sm = pedestrian volume in the same direction being analyzed in ped/h;

V ped-op = bike volume in the opposite direction being analyzed in ped/h;

V bike-sm = bike volume in the same direction being analyzed in bikes/h; and

V bike-op = bike volume in the opposite direction being analyzed in bikes/h.

As in the previous section, the frequencies of meetings and passings resulting from these 
equations are also based on the assumption that bicycle speeds are normally distributed with a 
mean of 18 km/h (11.2 mi/h), and that pedestrian speeds are normally distributed with a mean of 
4.5 km/h (2.8 mi/h). Slower average pedestrian speeds would cause an increase in the frequency 
of both passings and meetings. 

The frequency of events for mixed-use paths for several different bicycle volumes and directional 
splits has been computed at selected pedestrian volumes for the convenience of the user. These 
are presented in Table 3. Alternatively, the user may utilize Equations 4 through 6 to compute the 
total frequency of events. Once computed, the number of events is entered in Table 4 to estimate 
the prevailing LOS. 

TABLE 3 Total frequency of events for mixed-use paths

Bike vol 
both dir 
(bikes/h)

Directional 
split of 
bikes 

(same:opp)

Total frequency of events (events/h)

Two-way pedestrian volumes of

0 (ped/h)
*

20 (ped/h)* 40 (ped/h)* 80 (ped/h)*

100 30:70 76 131 186 296
100 40:60 68 123 178 288
100 50:50 59 114 169 279
100 60:40 51 106 161 271
100 70:30 43 98 153 263
200 30:70 151 206 261 371
200 40:60 135 190 245 355
200 50:50 119 174 229 339
200 60:40 103 158 213 323
200 70:30 86 141 196 306
400 30:70 303 358 413 523
400 40:60 270 325 380 490
400 50:50 238 293 348 458
400 60:40 205 260 315 425
400 70:30 173 228 283 393
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FIGURE 3: Designated on-street bicycle lane

800 30:70 605 660 715 825
800 40:60 540 595 650 760
800 50:50 475 530 585 695
800 60:40 410 465 520 630
800 70:30 345 400 455 565

* 50:50 directional split assumed for pedestrians
SOURCE: Adapted from Botma, 1995.

It is important to note that all the service volumes given in this section for mixed-use paths 
assume "ideal" geometric and traffic conditions. Lateral obstructions, extended sections with 
appreciable grades, and other local factors may reduce the LOS for a facility. Unfortunately, such 
factors have not been sufficiently documented to date to make a quantitative assessment of their 
effects. 

TABLE 4 Bicycle Level of Service (LOS) for mixed-use paths

LOS Total frequency of events (events/h) for 
two-lane paths (2.1- to 2.4-m paths)

Total frequency of events (events/h) 
for three-lane paths (3-m paths)

A < 40 < 90
B < 60 < 140
C < 100 < 210
D < 150 < 300
E < 195 < 375
F ≥ 195 ≥ 375

SOURCE: Adapted from Botma, 1995.

2.3 On-Street Bicycle Facilities

Bicycle lanes are lanes on a street designated exclusively for the use of bicycles. These lanes are 
separated from motor vehicle traffic by pavement markings, as illustrated in Figure 3. Bicycle 
lanes are normally placed on streets where bicycle use is fairly high and the separation of bicycles 
from motor vehicle traffic is warranted. For additional information about the planning for on-street 
bicycle facilities, the user is referred to a study by Harkey et al. (1998). 

Paved shoulders are part of the cross section of the street, but not part of the traveled way for 
motor vehicles. Bicycles using paved shoulders are separated from motor vehicles by the right 
edge line (shoulder stripe). Paved shoulders are often constructed on new roadway facilities when 
allowed by right-of-way requirements. 

Bicycles generally use paved shoulders as one-way facilities in the same direction as motor 
vehicle traffic, much like bicycle lanes. For the purpose of analysis, designated bicycle lanes and 
paved shoulders will be treated the same. The procedures in this section are appropriate for on-
street facilities where there are significant distances between interruptions, such as traffic signals 
or STOP signs. See the Combined Bicycle Facility section of this document for a discussion of on-
street bicycle lanes or paved shoulders with frequent interruptions. 

The widths of on-street bicycle facilities vary 
greatly in the United States, ranging from 
1.2-m (4-ft) designated bicycle lanes to 3-m- 
(10-ft-) wide paved shoulders. However, 
due to the fact that bicycles using on-street 
facilities can "borrow" space from the 
adjacent lane under low to moderate motor 
vehicle volumes, there are very few on-
street facilities that do not operate with at 
least two effective lanes (allowing passing). 
Due to this and the fact that on-street 
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bicycle facilities are normally provided for the exclusive use of bicycles, it is recommended that 
the procedures for exclusive bicycle paths presented previously in this document also be used 
here for on-street facilities. 

It is expected that on-street bicycle lanes and paved shoulders with widths up to 1.8 m (6 ft) will 
operate with two effective lanes and that wider paved shoulders will operate as three effective 
lanes. However, heavy motor vehicle volumes, high speeds, roadway debris, or other local 
conditions may affect the actual width available to the bicyclists. As mentioned earlier, an 
observation of facility operation prior to analysis is recommended to determine the actual number 
of effective lanes.

One important distinction between on-street facilities and exclusive off-street facilities is the 
multitude of possible factors affecting LOS for on-street facilities, including adjacent motor vehicle 
traffic (which is often moving much faster than the bicycles), heavy vehicle traffic, commercial and 
residential driveways, and adjacent on-street parking. The service volumes given in this section 
for on-street facilities are for "ideal" conditions. The factors mentioned here, in addition to lateral 
obstructions, extended sections with appreciable grades, and other local factors, may reduce the 
LOS for a facility. Unfortunately, such factors have not been sufficiently documented to date to 
make a quantitative assessment of their effects. One possible approach to determining LOS for 
on-street bicycle facilities is to quantify the impact of prevailing geometric and traffic conditions on 
the average and standard deviation of bicycle speeds on the facility. Under this framework, the 
expectation is that friction with vehicular traffic, parked vehicles, and driveway density would result 
in a lower mean speed and higher standard deviation than on a comparable off-street path. To 
illustrate this effect, Table 5 gives the number of events and corresponding LOS for a range of 
bicycle volumes and average and standard deviations of bicycle speeds. As indicated in the table, 
the number of events 

increases (and LOS drops) as speed decreases and standard deviation increases. For example, 
with a bicycle flow rate of 200 bicycles/h, the LOS may vary from A to E depending on the 
observed values of mean and standard deviation of bicycle speeds. With proper calibration of 
these two parameters, the proposed methodology could, therefore, be equally applied to on-street 
bicycle facilities. The standard deviation of speeds describes the variation in speeds about the 
average or mean bicycle speed for the facility. The standard deviation will be relatively smaller for 
those facilities used primarily by commuters, and relatively larger for recreational facilities. 

TABLE 5 Effect of bicycle mean and standard deviation of speeds on events and Level of 
Service (LOS) for one-way, on-street bicycle facilities

Bicycle 
flow rate 
(bike/h)

Standard 
deviation a

(km/h)

Number of events and LOS

Bicycle mean speed (km/h)

12 13 14 15 16 17 18 19 20

100 1.5 28
(A)

26
(A)

24
(A)

--- 21
(A)

20
(A)

19
(A)

18
(A)

17
(A)

100 3.0 56
(B)

52
(B)

48
(B)

23
(A)

42
(B)

40
(B)

38
(A)

36
(A)

34
(A)

100 4.5 85
(C)

78
(C)

73
(C)

68
(C)

63
(C)

60
(C)

56
(B)

53
(B)

51
(B)

200 1.5 56
(B)

52
(B)

48
(B)

45
(B)

42
(B)

40
(B)

38
(A)

36
(A)

34
(A)

200 3.0 113
(D)

104
(D)

97
(C)

90
(C)

85
(C)

80
(C)

75
(C)

71
(C)

68
(C)

200 4.5 169
(E)

156
(E)

145
(D)

135
(D)

127
(D)

119
(D)

113
(D)

107
(D)

102
(D)

300 1.5
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85
(C)

78
(C)

73
(C)

68
(C)

63
(C)

60
(C)

56
(B)

53
(B)

51
(B)

300 3.0 169
(E)

156
(E)

145
(D)

135
(D)

127
(D)

119
(D)

113
(D)

107
(D)

102
(D)

300 4.5 254
(F)

234
(F)

218
(F)

203
(F)

190
(E)

179
(E)

179
(E)

160
(E)

152
(E)

aStandard deviation of bicycle speeds. If standard deviation data are unavailable, use 
the following default values:
1.5 km/h for facilities used primarily by commuters
2.0 km/h for facilities used by various user types
4.5 km/h for facilities used primary by recreational users 
SOURCE: Adapted from Botma, 1995.
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