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Description

· Traffic Calming Measure Density: Number of traffic calming measures per km of road length.
The recommended indicator for measuring traffic calming measures in the built environment.  
· Crude Traffic Calming Measure Density: Number of traffic calming measures per square km of land area

An alternative indicator which can be calculated without GIS capability; it should only be used when it is not possible to use the recommended indicator.
· (Type of Road) Traffic Calming Measure Density (three indicators): Number of traffic calming measures per km of specific type of road length (local, collector or high-volume road).  
An alternative indicator for advanced analysis to capture the varying usage of traffic calming measures on different road types; it can be used instead of or in addition to the recommended indicator.
· (Effectiveness Level) Traffic Calming Measure Density: Number of traffic calming measures of specific effectiveness level (highly, moderately, or minimally, as listed in the definitions section below) per km of road length.
An alternative indicator for advanced analysis to capture the varying impact of different traffic calming measure designs; it can be used instead of or in addition to the recommended indicator.
Specific Indicators

· Traffic Calming Measure Density

· Crude Traffic Calming Measure Density
· Local Road Traffic Calming Measure Density

· Collector Road Traffic Calming Measure Density

· High-Volume Road Traffic Calming Measure Density
· Highly Effective Traffic Calming Measure Density

· Moderately Effective Traffic Calming Measure Density

· Minimally Effective Traffic Calming Measure Density 

Ontario Public Health Standards (OPHS)

The Ontario Public Health Standards (OPHS) establish requirements for the fundamental public health programs and services carried out by boards of health, which include assessment and surveillance, health promotion and policy development, disease and injury prevention, and health protection.  The OPHS consist of one Foundational Standard and 13 Program Standards that articulate broad societal goals that result from the activities undertaken by boards of health and many others, including community partners, non-governmental organizations, and governmental bodies.  These results have been expressed in terms of two levels of outcomes: societal outcomes and board of health outcomes.  Societal outcomes entail changes in health status, organizations, systems, norms, policies, environments, and practices and result from the work of many sectors of society, including boards of health, for the improvement of the overall health of the population.  Board of health outcomes are the results of endeavours by boards of health and often focus on changes in awareness, knowledge, attitudes, skills, practices, environments, and policies.  Boards of health are accountable for these outcomes.  The standards also outline the requirements that boards of health must implement to achieve the stated results.

Outcomes Related to this Indicator:

· Board of Health Outcome (Chronic Disease Prevention): There is increased awareness among community partners about the factors associated with chronic diseases that are required to inform program planning and policy development, including the importance of creating healthy environments. 
Assessment and Surveillance Requirements Related to this Indicator

· The board of health shall conduct surveillance, including the ongoing collection, collation, analysis, and periodic reporting of population health indicators, as required by the Health Protection and Promotion Act and in accordance with the Population Health Assessment and Surveillance Protocol, 2008 (or as current) (Foundational Standard). 
Protocol Requirements Related to this Indicator 

· The board of health shall collect or access the following types of population health data and information: Physical environment factors (Population Health Assessment and Surveillance Protocol, 1b)

http://www.ontario.ca/publichealthstandards
Corresponding Health Indicator(s) from Statistics Canada and CIHI

None. 
Data Sources 
Spatial Datasets (Line) necessary for calculations:

Roads Data (Ontario Road Network - ORN) (6)
Original Source: Ministry of Natural Resources
Distributed by: Ministry of Natural Resources
Metadata URL: http://publicdocs.mnr.gov.on.ca/View.asp?Document_ID=17566&Attachment_ID=37853 
Use: Generation of network dataset - used in part for the creation of the service areas (walking catchment areas)

- OR - 
Road Network File (RNF) 
Original Source: Statistics Canada, 2005- 2010.
Distributed By: Statistics Canada
Metadata URL: http://www.statcan.gc.ca/bsolc/olc-cel/olc-cel?lang=eng&catno=92-500-GWE 
Use: Generation of network dataset - used in part for the creation of the service areas (walking catchment areas)
Suggested Citation: Road Network File, Census [year]. Statistics Canada Catalogue [no.]. 

- OR - 

Local Single-Line Road Network File (SLRN)
Original Source: (Local Agency, Government)
Distributed By: (Local Agency, Government)
Metadata URL: (Local Agency, Government)
Use: Generation of network dataset - used in part for the creation of the service areas (walking catchment areas)
Spatial Datasets (Point) necessary for calculations:

Traffic Calming Measures
Original Source: (Local Agency, Municipal Government)
Distributed By: (Local Agency, Municipal Government)
Metadata URL: (Local Agency, Municipal Government)
Use: Generation of the measures/km calculation

Spatial Datasets (Areas) necessary for calculations:

Area of Interest 
Original Source: (Local Agency, Government)
Distributed By: (Local Agency, Government)
Metadata URL: (Local Agency, Government)
Use: Calculations will be based on the roads/traffic calming points within these areas (eg. Public Health units, Census geographies, etc.).  If a health unit would like to know the calming measures /km of road length within their unit, they will need to have a health unit layer available to perform the necessary calculations. The source will be dependent on the area of interest.
Analysis Check List 
· Spatial joins and intersections may join (and therefore incorrectly classify) traffic calming measure points to the incorrect road, depending on the placement of the road and the traffic calming measure.
· There may be other methods for calculating this indicator that are not discussed in this document.  The preferred method should ultimately be chosen by the analyst performing the calculations.
· Although various complexities of calculations can be made, for the purposes of this indicator, a mid-level complexity choice is used: number of traffic calming measures per km of road per geography.  Very simple (if you do not have access to GIS) and more complicated calculations (if more specific results are desired) are discussed at the end of this section.

· The purpose of this indicator is to determine the number of traffic calming measures (in this case, per total km of road) for a geography of interest (e.g. Public health unit).  As this is largely a location-based operation, the use of a Geographic Information System (GIS) is critical for reasonable estimations

· It is assumed that the analyst performing the calculation for this indicator is familiar with the ESRI suite of tools, including ArcMap.  The standard ESRI software package (with no extensions) was used to perform all calculations.  The calculations within this indicator can also be performed using other GIS software packages (such as MapInfo, QuantumGIS) but the processes and terminology may differ.

· Using the provided model as a guide, should help to work through the steps for this indicator calculation whether or not ArcGIS is the software of choice when performing the spatial operations.
· Processing times will depend on the number of lines (roads), intersect features (geographies), as well as the number of traffic calming measures in the study area.
Method of Calculation

The calculation below assumes that the user has access to all the discussed data and has access and knowledge of a Geographic Information System (GIS).  
Method #1 (recommended)

Traffic Calming Measure Density: 


[image: image1]
· Three key spatial datasets are necessary to make the calculations within this indicator, using a GIS: a road network, where the traffic calming measures would normally be found; an area of interest, such as a health unit, census geography, etc.; and point locations that represent the traffic calming measures within the area of interest.

· The method of calculation for this indicator has three components:
· Calculation of the number of traffic calming measure points within the area of interest (geography, such as health unit boundaries);
· Calculation of the total distance of roads within the same area of interest (geography, such as health unit boundaries); and
· Calculating the final number of measures per distance of road (e.g. 120 measures/km of road) within the geography of interest

· The first step is to perform spatial queries to determine the number of traffic calming measure point locations that fall within the area of interest.  This will be the numerator in the final calculation.  The second step is to use the roads dataset (likely the ORN from MNR), which spans the entire province and intersect it with the area of interest to ensure the road lengths (in the spatial attribute field in the table) reflect the length only within the area of interest.  Once this dataset has been created, it can be used to generate the total length of roads within the area of interest.  This number will be the denominator in the final calculation.

· The goal is to obtain a total number of traffic calming measures and a total length of road within a community (or other area of interest) to properly calculate the measures per km of road.  Please see attached FIGURE from an example ArcGIS model showing the process to perform the calculations within a GIS.  This is, by no means, the only way to create the calculation but does give an idea how one could approach it using the ESRI suite of tools.
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Alternative approaches to calculating the indicator:
The preferred method of calculation will largely depend on the desired level of detail, the ultimate purpose of the indicator, and the resources available (data, software, staff, etc.).  While a mid-level complexity choice has been discussed as the ideal choice (above), other methods are available ranging from very simple to more complicated and detailed.
Method #2 (simplified)
The easiest (but least accurate) way to calculate the number of traffic calming measures would be to calculate the total number of traffic calming measures per unit area (e.g. 40 traffic calming measures / sq. km in health unit ‘X’).  This method avoids the use of roads data, road-related calculations, geo-coding of traffic calming measures, and GIS altogether provided two data values are available:

· The total number of traffic calming measures in the area of interest (e.g. 4,000 measures in health unit ‘X’); and

· The total area of the area of interest (e.g. 100 sq. km in health unit ‘X’)
Crude Traffic Calming Measure Density: 


[image: image3]
It should be noted when using this method that area plays a direct role in the calculations, and large unoccupied areas that are more rural or non-established where there are no traffic calming measures will dramatically affect the calculations by lowering the count/area calculation).  Therefore, caution should be exercised when comparing values because differences in the amount of roads in each area will bias the results.  When using the crude indicator, it is important to only compare areas with similar urban plans.  As traffic calming measures are generally found on or near roadways, measuring the number of traffic calming measures per road length (as recommended) yields a much more comparable value across geographies.
Method #3 (advanced)

A more advanced method of calculating the number of traffic calming measures would be to calculate the total number of traffic calming measures per km for each road type per geography.  This method requires additional datasets and is more complicated to produce, however will provide much more detailed results.  This method builds upon the recommended method discussed above, but further expands the results into individual road types, where indicator standards may be more applicable (e.g. x measures/km on arterial roads, y measures/km on local roads, etc.).

Local Road Density of Traffic Calming Measures: 
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Collector Road Density of Traffic Calming Measures: 
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Arterial/Freeway Road Density of Traffic Calming Measures: 
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Method #4 (advanced)
Another advanced method would be to calculate the number of traffic calming measures by effectiveness level.  This would result on at least three indicators according to level of effectiveness for traffic calming. 
(Highly or Moderately or Minimally) Effective Density of Traffic Calming Measures: 


[image: image7]
Basic Categories


All categories can be applied either to the recommended or the crude Traffic Calming Measure Density indicators, depending on the availability of GIS analysis.  Again, the crude indicator is limited for comparative analyses.  

· Reference Geographic Areas: 
· Census geography (e.g. Dissemination Areas, Census Tracts)
· Municipal Boundaries (e.g. Municipalities, Planning Areas, Neighbourhoods)
· Public Health Units  
· Road Type:
· Local Roads
· Collector Roads
· High-volume  Roads  
Traffic calming schemes differ across road types, in terms of quantity and types of traffic calming measures as well as applicable standards.  To isolate measurement for each road type, limit the method of calculation to the appropriate category as follows:

(Local or Collector or High-volume) Road Traffic Calming Measure Density: 
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· Effectiveness Level on Speed Limit Reduction  
· Highly Effective
· Moderately Effective

· Minimally Effective

See definitions section for detailed description of categories. Different types of traffic calming measures have different impacts on roadways (2, 3, 5).  The above categories are based on effectiveness on speed reduction from evidence-based observations (2).  Other categories can be created based on the literature into other built environment outcomes, such as collision prevention, as necessary.  

To isolate measurement for each level of effectiveness, limit the method of calculation to the appropriate category as follows:

(Highly or Moderately or Minimally) Effective Traffic Calming Measure Density: 
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Indicator Comments

· It must be noted that the intent of the indicator is not to suggest that street segments with the greatest density of traffic calming measures are inherently the safest.  Proper road design can be the strongest influence on a driver’s travel speed and can reduce the need to introduce traffic calming measures after the roadway has been constructed.  The research supporting this indicator speaks to reduced vehicular speeds and enhanced traffic calming measures as having significant health benefits; however, it is acknowledged that certain roads already satisfy these criteria with no adjustments to posted speed or introduction of traffic calming measures.   Further research is being conducted to better capture these discrepancies.

· A general comment about single line street network lengths vs. total lengths of lanes: If values were compared (or based on a standard or measure ) that used total lane length vs. single line street network length, the results could be confusing and may not reflect the proper status of traffic calming measures within an area.  Although most available Ontario road datasets are in the single line street network (SLSN) format, it should be clearly stated when comparing to areas or values – or if deriving a standard – what lengths are used and how they are determined.  .The distinction between local and arterial roads seems to be important in traffic calming. Most of applications are focused on local roads.  The literature is not clear about traffic calming measures for arterial roads (5).
· In this indicator, the effect of area-wide calming schemes, such as those highlighted by Bellefleur & Gagnon, 2011 (3), is captured through the number of individual traffic calming measures.

· Photo-Radar Speed Enforcement: “Where authorized by (jurisdictional) law, photo-radar is a new speed enforcement option. Photo-radar uses a radar unit to measure the speed of passing vehicles and a camera to take a photograph of any vehicle exceeding the speed limit” (6, p. 118).  They are considered to be complementary to physical traffic calming (6).
Definitions 
· TRAFFIC CALMING:  A combination of mainly physical measures that reduce the negative effects of motor vehicle use, alter driver behaviour and/or improve conditions for non-motorized street users.  Although some of these measures, such as parallel vehicle parking, may have been designed for objectives other than traffic calming, they have a secondary effect on traffic speed. 

· Chicane:  A series of curb extensions on alternating sides of a roadway, which narrow a roadway and require vehicles to meander to travel through the chicane.  It can be designed to incorporate one or two lanes.

· Curb Extension:  An intrusion of the curb into the roadway to reduce its width.

· Curb Radius:  A small-radius circular curved curb, connecting the tangent curbs of intersecting streets. A curb radius reduction usually ranges from 3-5 metres.

· Directional Closure: An intrusion of the curb, approximately to the centreline of a roadway, to obstruct (prohibit) one direction of traffic.

· Diverter:  A raised barrier placed diagonally across an intersection, which forces traffic to perform a turning movement rather than proceed straight through.

· Full Closure:  Typically includes a raised barrier extending across the width of a roadway to obstruct all traffic movements.

· On-Street Parking: Provision for motor vehicles to park on the roadway surface or on the unpaved shoulder of a roadway.  As a traffic calming measure, the introduction of on-street parking would effectively reduce the width of the travelled portion of the roadway.

· Intersection Channelization:  Raised islands located within an intersection, used to positively guide or obstruct (prohibit) specific turning movements.  Typically used as a traffic operations optimization device rather than traffic calming.

· Non-Regulatory Traffic Calming Signage: Advisory signs that, while sometimes persuasive, cannot legally be enforced.  Such signs include "Traffic Calmed Neighbourhood" and “No Through Traffic” (the latter not to be confused with the regulatory “Through Movement Prohibited” sign).

· Posted Speed Limit:  An approved speed limit by municipal by-law or provincial regulation. 

· Radar Speed Display Units: Display units that are randomly located from street to street, based on citizen requests.  Their purpose is to remind drivers that they are speeding, thus encouraging compliance with the posted speed limit (6). 

· Raised Crosswalk:  A marked pedestrian crosswalk at an intersection or mid-block location constructed to the same elevation as adjacent curbs and sidewalks.

· Raised Intersection: An intersection — inclusive of crosswalks — which has been raised to the elevation of adjacent curbs and sidewalks.

· Raised Median Island: A raised island constructed along or near the centreline of a roadway to reduce the overall width of the adjacent travel lanes.  Apart from not approving access at all, this feature is the most effective tool used in access management.

· Raised Median Through Intersection: A raised island located on or near the centreline of a roadway through an intersection, which prevents left turns and through movements to and from the intersecting street.

· Right-in/Right-out Directional Island: A raised triangular (“pork-chop”) island at an intersection approach or private access designed to prevent left turns and through movements to and from the intersecting street/access.

· Roundabout: Similar to a traffic circle, typically used on arterial and collector streets, and are distinguished by “Yield” signs and raised median islands on all approaches and, in some cases, flared entry approaches to two or more lanes.  While not intentionally designed as a traffic calming measure, its physical deflection actually allows it to do so.

· Rumble Strips:  Raised buttons or bars, or grooves closely spaced at regular intervals on the roadway that create both noise and vibration in a moving vehicle to reduce the instance of run-off-road collisions.

· Sidewalk Extension: A sidewalk constructed across the intersection with a local street at its original elevation, with the local street raised to the level of the sidewalk at the intersection.

· Speed Hump:  A raised area of a roadway, which deflects both the wheels and frame of traversing vehicles.

· Textured Crosswalk:  A crosswalk incorporating a textured and/or patterned surface which contrasts with the adjacent roadway 

· Traffic Circle: A raised circular island located in the centre of an intersection, which requires vehicles to travel through the intersection in a counter-clockwise direction around the island.

· ROAD TYPES

· Local Road – A low speed thoroughfare dedicated to provide access to the front of properties (Includes ORN [NRN] road classes: Local / Street [7], Local / Strata [6] and Local / Unknown [5].  (1))

· Collector Road – A minor thoroughfare mainly used to access properties and to feed traffic with right of way (Includes ORN [NRN] road class: Collector [4].   (1))

· High-Volume Roads – Major and high-speed thoroughfares with pedestrian access (Includes ORN [NRN] road classes: Arterial [3], and Expressway / Highway [2].  (1))

· EFFECTIVENESS LEVEL ON SPEED LIMIT REDUCTION: Potential level categories of traffic calming measures according to their effectiveness on speed limit reduction (partially based on 2):
· Highly Effective: Chicane (one lane); Raised Crosswalk; Roundabout; Speed Hump; and Traffic Circle.

· Moderately Effective: Chicane (two lanes); Curb Extension; Reduced Curb Radius; Diverter; Full Closure; On-Street Parking; Posted Speed Limit Below 30 km/h; Radar Speed Display Units; Raised Intersection; Raised Median Island; Raised Median Through Intersection; Sidewalk Extension

· Minimally Effective: Directional Closure; Intersection Channelization; Non-Regulatory Traffic Calming Signage; Right-in/Right-out Directional Island; Rumble Strips; Textured Crosswalk

Cross-References to Other Indicators

· Population Density (Section 2C: Built Environment and Health)

· Proximity to Community Focal Point (Section 2C: Built Environment and Health)

· Land Use Mix (Section 2C: Built Environment and Health)

· Job Density (Section 2C: Built Environment and Health)

· Commuting Population (Section 2A: Social Environment and Health) 
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Number of traffic calming measures


    Total road length [km]





number of traffic calming measures in the area of interest


total area [sq. km]





number of traffic calming measures on local roads


total local road length [km]





number of traffic calming measures on collector roads


total collector road length [km]





number of traffic calming measures on arterial roads and freeways


total arterial road and freeway length [km]





number of traffic calming measures of a given effectiveness level (see definitions)


total arterial road and freeway length [km]








number of traffic calming measures on (local/collector/high-volume) roads


total (local/collector/high-volume) road length [km]





number of (highly/moderately/minimally) effective traffic calming measures


total road length [km]








