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Description

· Ratio of links to nodes or real nodes to total nodes within a study area
· The Density of intersections and blocks
Specific Indicators 

· Connected Node Ratio

· Link Node Ratio

· Intersection Density

· Block 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 following: the importance of creating healthy environments.

Health Promotion and Policy Development Requirement Related to this Indicator

· The board of health shall work with municipalities to support healthy public policies and the creation or enhancement of supportive environments in recreational settings and the built environment.

Assessment and/or 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). 

http://www.ontario.ca/publichealthstandards
Corresponding Health Indicator(s) from Statistics Canada and CIHI 
· None
Corresponding Indicator(s) from Other Sources
Spatial Datasets (Line) necessary for calculations:

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.]. 
Survey Questions
· None

Alternative Data Source(s)
· Local municipal data road dataset

Analysis Check List:
· Intersections on expressways and highways with speed limits of 80km/h or greater are excluded.
· Intersection density is measured as the number of publicly accessible three- or more point intersections per square kilometre, averaged across the study area.

· Block size is measured as the total land area of a block, excluding public rights of way.

· Statistics Canada’s block geometry is the one database which can operationalize the various components of street connectivity. Dissemination Block Boundary Files portray the dissemination block (DB) boundaries for which Census data are disseminated. A dissemination block is an area bounded on all sides by roads and/or boundaries of standard geographic areas; it is the smallest geographic area for which population and dwelling counts are disseminated. The files include the boundaries of about 493,345  dissemination blocks covering all of Canada.  

 Method of Calculation

Specific Ratio

Link node ratio: Total number of intersections in a study area divided by the total number of links (blocks). 

Connected node ratio: The number of 3 and 4 way intersections divided by the number of nodes in a study area (notes would include dead ends or any other type of ‘intersection’ that is not 3 or 4 way.
Intersection density: The number of 3 and 4 way intersections in a study area divided by the ‘area’ of the study area.

Block Density: The total number of Dissemination blocks (DB) within a study area divided by the ‘area’ of the study area.

General Method.

1. Shapefiles for Ontario roads and junctions are imported into ESRI’s ArcMap and clipped to the boundary of the PHU.
2. A ‘Topology’ is created in ArcCatalog using the road and junction shapefiels. Topology rules are then applied to ensure the integrity of the road and junction datasets. (Example, all junctions must intersect with a road segment).
3. A grid with cells of 1km by 1km was places over the PHU road network dataset. The centroid of each one of the cells is then generated and a 500m buffer drawn around the centroid. 
4. Within the buffer zones each one of the different connectivity and density indicators are calculated. 
USING THE CONNECTED NODE RATIO AS AN EXAMPLE
a. First, in the junction dataset 3 and 4 way intersections (real nodes) were identified.

b. A spatial join is then performed between the real nodes and the ‘buffer grid’ to obtain the count of the number of real nodes within each buffer area. This step was then repeated for the total number of node in the dataset.

c. Next, using the ‘field calculator’ in the attribute table the number of real nodes in each buffer area is divided by the total number of nodes in the same area. A ratio of 1 would represent areas with the highest connectivity and 0 would be no connectivity.

d. Finally the Inverse Weighted Distance (IDW) formula is used to interpolate a continuous surface across the health unit for the indicators. (SEE FIGURES AT END)
Basic Categories 
Link: Also referred to as an ‘edge’ or an ‘arc,’ the link connects nodes. When looking at street or neighbourhood connectivity a link would be a street or city block between two intersections.

Node: A point connected by links. When looking at street or neighbourhood connectivity a node would be an “intersection.”
Real node: a 3 or 4 way intersection. The node is intersected by 3 or more links.
Indicator Comments 

· The manner in which the built environment impacts health outcomes is complex and varied, since human behaviour is influenced by multiple factors. 
· The value of an individual indicator is strengthened when considered in combination with other built environment indicators. A range of built environment indicators, such as population density, proximity to community focal point, land use mix and job density, can be used to better appreciate the relationships among the built environment, health outcomes and health behaviours within your region.

· Street connectivity is an important component of walkability as it has an impact on the directness of the route and the number of routes needed to be taken between any two destinations. 

· Literature provides evidence that street connectivity in general has a positive association with the frequency of walking trips, the distance walked and physical activity  

· While there are other measures of network connectivity that can be used, these were chosen since they are relatively straight forward to calculate and execute within a GIS environment. 
· When looking at this indicator it is important to understand the difference between ‘connectivity’ and ‘density.’ 
· The connectivity of a network describes the ratio of links to nodes or real notes to total nodes within a study area. This is important to note as a study area with 1 node and 4 links would be assigned the same connectivity ‘score’ or ratio as a study area with 4 nodes and 16 links. This means that rural road networks could have the same or better connectivity as a downtown neighbourhood. 
· Conversely, network density looks at the density of intersections or city blocks within a study area, thus with these indicators, one will see a much higher ‘score’ or density within urban areas as opposed to rural areas. 
· One should use both types of indicators in conjunction with one another to get an overall sense of the type of network they are looking at in a study area.
· When examining built environment Core Indicators, it is necessary to select the same geographic area of analysis to ensure that the indicators can be used in conjunction with each other.
· There are several ways of calculating connectivity, the one that is presented here is an approach that was chosen for the simplicity of calculation and analysis given the data sources.  
· One of the limitations is that public rights of way or other access points, such as school yards or non-road pathways, not shown in the database are excluded from the calculation. Therefore these exclusions might affect the “real world” walking conditions in these neighbourhoods. 
Definitions

· Dissemination block (DB) is an area bounded on all sides by roads and/or boundaries of standard geographic areas. The dissemination block is the smallest geographic area for which population and dwelling counts are disseminated. Dissemination blocks cover all the territory of Canada.
· Node: A point connected by links. When looking at street or neighbourhood connectivity a node would be and “intersection.’

· Real node: a 3 or 4 way intersection. The node is intersected by 3 or more links.

· Link: Also refered to as an ‘edge’ or and ‘arc’ the link connects nodes. When looking at street or neighbourhood connectivity a link would be a street or city block between two intersections.

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)
· Traffic calming measures
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