
Lawrence Frank & Company, Inc. 
transport planning ● land use planning 

air quality ● public health ● climate change 
 

 

 
© Lawrence Frank & Company, Inc. 2009 

 

 

Evaluating the Public Health 
Impacts of Land Development 
Decisions in Peel 
 

A Template for an Evidence-Based Decision-Making Tool 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Final Report 
For the Regional Municipality of Peel, Peel Health 

January 2009  





 

Table of Contents 

EXECUTIVE SUMMARY ........................................................................................ 1 

Overview of the Research ................................................................................... 1 
Database Development ...................................................................................... 2 
Model Prototype Recommendations .................................................................... 3 
Next Steps ......................................................................................................... 4 
Data Recommendations ..................................................................................... 4 
Recommendations for Model Development .......................................................... 5 
Recommendations for Supportive Policy Development ........................................ 6 

1.  Introduction and Background .......................................................................... 9 

1A.  Project Purpose / About this Report .......................................................... 11 

2.  State of the Research – an Overview ............................................................... 13 

2A.  Physical Activity & Body Weight ................................................................ 15 
Key Land Use Factors ................................................................................... 16 
Key Outcomes/Indicators .............................................................................. 17 

2B.  Exposure to Air Pollution .......................................................................... 17 
Key Land Use Factors ................................................................................... 18 
Key Outcomes/Indicators .............................................................................. 19 

2C. Pedestrian Safety from Traffic .................................................................... 19 
Key Land Use Factors ................................................................................... 20 
Key Outcomes/Indicators .............................................................................. 20 

2D.  Mental Health .......................................................................................... 21 
Key Land Use Factors, Outcomes and Indicators ........................................... 22 

2E.  Conclusions ............................................................................................. 22 

3.  Database Development .................................................................................. 23 

3A. Data Sources ............................................................................................. 23 
Data Limitations ........................................................................................... 23 

3B. Built Environment Measures (Independent Variables) ................................ 25 
1. Assessment of data quality. ....................................................................... 25 
2. Preparing data for use. .............................................................................. 25 
3. Create boundaries of buffered postal codes ................................................ 25 
4.  Aggregate parcel and intersection data to the buffered postal codes. ......... 27 
5.  Calculate Built Environment measures. ................................................... 28 

3C.  Outcome Measures (Dependent Variables) ................................................ 29 
Travel Behaviour Data:  The Transportation Tomorrow Survey (TTS) .............. 30 
Data Limitations ........................................................................................... 32 
Public Health Data:  Canadian Community Health Survey (CCHS) ................. 33 
Data/results from other studies and regions ................................................. 34 

4. SUMMARY Analysis of Data ............................................................................ 35 

4A.  Descriptive Analysis – Built Environment .................................................. 35 
4B.  Descriptive Analysis – TTS ........................................................................ 46 
4C.  Descriptive Analysis – CCHS Physical Activity ........................................... 47 
4D.  Results ..................................................................................................... 50 

Net Residential Density ................................................................................. 50 

i 



Intersection Density ..................................................................................... 51 
Land Use Mix ................................................................................................ 51 
Walkability Index .......................................................................................... 51 
Sidewalk Length ........................................................................................... 52 
Number of Bus Stops in 1km Buffer .............................................................. 52 
Presence of Retail within 1km Buffer ............................................................. 52 
Presence of Supermarket within 1km Buffer .................................................. 52 
Presence of Fast Food or Restaurant within 1km Buffer ................................. 52 
Presence of Parks within 1km Buffer ............................................................. 53 

4E.  Observations ............................................................................................ 53 

5. Model recommendations ................................................................................. 55 

5A.  Recommendations for a Modeling Tool ...................................................... 55 
5B.  Overview of Available Models .................................................................... 55 
5C.  Recommended Model Framework .............................................................. 58 
5D.  Operating I-PLACE3S ............................................................................... 62 

1.  Data Preparation ...................................................................................... 62 
2.  Define Place Types ................................................................................... 64 
3.  Define a project and alternative scenarios ................................................. 64 
4.  Apply Place Types .................................................................................... 65 
5.  Compare Indicators .................................................................................. 65 

5E.  Integrating Research Results into I-PLACE3S ............................................ 66 
Approach to Statistical Analysis .................................................................... 66 
Changes to I-PLACE3S Functionality ............................................................. 67 

5F.  Development of Checklists with Targets and Ranges .................................. 68 

6. The Path Forward:  RECOMMENDATIONS & NEXT STEPS .............................. 71 

Data Recommendations ................................................................................... 71 
Recommendations for Model Development ........................................................ 72 
Recommendations for Supportive Policy Development ...................................... 74 

REFERENCES ....................................................................................................... I 

Appendix A: Peel Region Urban Form Maps ........................................................ A 
Appendix B. One Way ANOVAs and Independent Samples T-Test for Overall Trip 
Making, Trips by Active Modes, and Active Mode Splits in Peel Postal Codes 
Sampled in Transportation Tomorrow Survey .................................................... G 
Appendix C – One Way ANOVAs and Independent Samples T-Test for BMI and 
Energy Expenditures among Peel CCHS Observations ........................................ K 
Appendix D – Chi Square Results for Urban Form Associations with Obesity, 
Walking Prevalence and Physical Activity .......................................................... O 

 

ii 



 

iii 

List of Figures 

Figure 1.  Typical Block Plan Scale and Layout. .................................................. 10 
Figure 2: Postal Code Buffer – ............................................................................. 27 
Figure 3: Intersections (red dots) within Postal Code (1km) buffer (purple boundary)28 
Figure 4 Peel and Toronto Postal Codes with Valid TTS Observations .................. 31 
Figure 5.  Peel and Toronto Postal Codes with Valid CCHS Observations ............. 33 
Figure 6.  Postal Code Counts by Quintile of Net Residential Density (dwelling 

units/acre) within 1 km buffer ...................................................................... 36 
Figure 7.  Postal Code Counts by Quintile of Intersection Density ........................ 37 
Figure 8.  Postal Code Counts by Quintile of Land Use Mix ................................. 37 
Figure 9.  Postal Code Counts by Quintile of Walkability Index ............................ 38 
Figure 10.  Postal Code Counts by Quintile of Bus Stops ..................................... 38 
Figure 11.  Postal Code Counts by Quintile of Sidewalks ..................................... 39 
Figure 12.  Residential Density – Spatial Distribution .......................................... 40 
Figure 13.  Intersection Density – Spatial Distribution ........................................ 41 
Figure 14.  Land Use Mix – Spatial Distribution .................................................. 42 
Figure 15.  Walkability Index – Spatial Distribution ............................................. 43 
Figure 16.  Sidewalks – Spatial Distribution ........................................................ 44 
Figure 17.  Number of Bus Stops – Spatial Distribution ....................................... 45 
Figure 18.  Sample I-PLACE3S Map Interface. ..................................................... 60 
Figure 19.  I-PLACE3S Indicators/Scenario Comparison ..................................... 66 

 
 

  List of Tables 

 

Table 1: Data summary -- basis for urban form measures ................................... 24 
Table 2: Aggregated set of land use categories ..................................................... 26 
Table 3.  Built Environment Measures ................................................................ 30 
Table 4: Summary of Non-Dichotomous Built Environment Variables for Peel 

Region .......................................................................................................... 35 
Table 5: Quintile Boundaries for Built Environment Variables ............................. 35 
Table 6: TTS Descriptives .................................................................................... 46 
Table 7: Body Mass Index ................................................................................... 47 
Table 8: Obesity Classification ............................................................................ 47 
Table 9: Number of Hours Walked to School or Work .......................................... 48 
Table 10: Participates in Daily Physical Activity for 15 minutes or more ............... 48 
Table 11: Physical Activity Index ......................................................................... 48 
Table 12.  Model Comparison .............................................................................. 57 

 





 

 

Acknowledgements 

We thank Dr. David Mowat and Gayle Bursey at Peel Health for their 
support of this project and considerable direction.  We also wish to 
acknowledge the project’s Expert Review Panel, who devoted considerable 
time to reviewing the methods, tools and products during the course of the 
project: 
Dr. Rick Glazier, Institute for Clinical & Evaluative Sciences – Toronto, ON 

Dr. Michael Hayes, Simon Fraser University – Vancouver, BC 

Dr. John Spence, University of Alberta – Edmonton, AB 

Dr. Gillian Booth, Institute for Clinical & Evaluative Sciences – Toronto, ON 

Dr. Eric Miller, University of Toronto – Toronto, ON 

Dr. Gordon Garry, Sacramento Area Council of Governments – Sacramento, 
CA 

Dr. Karen Beazley, Dalhousie University – Halifax, NS 

 





 

EXECUTIVE SUMMARY 
Like most other places in North America, the Peel Region has experienced 
increasing rates of obesity and overweight in its population.  Concern about 
this trend, coupled with the recognition that the built environment can play 
a significant role in supporting active transportation, led the Peel Council to 
formalize a connection between public health and planning.  Peel Health is 
now required to comment on development proposals in the region, in order 
to ensure that public health considerations are integrated into the Region’s 
development.   

An evidence-based health assessment tool can provide a consistent, robust 
evaluative framework for comment on the potential health impacts of these 
proposals.  Since no such tool currently exists, the ultimate purpose of this 
project is to develop one.  The tool will be used to estimate several health 
related impacts of alternative approaches to development and to foster a 
more health-promoting urban design in the Region of Peel.   

This project is made up of two phases.  This report summarizes the first 
phase, which investigated the state of the evidence, evaluated the options 
for tool development, collected Peel region data and built the first iteration of 
the database that will support development of the tool, and made 
recommendations about what the tool will look like and how it will function.  
The second phase will finalize the built environment database, complete the 
statistical analysis that will serve as the tool’s foundation and integrate 
those research results into a fully functional evidence-based tool to be used 
for evaluation of proposed developments.   

Overview of the Research   
The literature review completed as part of this first phase summarized the 
state of the evidence linking the built environment to four classes of health 
outcomes:  Physical Activity & Body Weight, Air Pollution Exposure, 
Pedestrian Safety from Traffic, and Mental Health.  The review also 
describes available tools and approaches to evaluate the impacts of the built 
environment on health.   

The basic relationship between the built environment and transportation 
has been well-established in a large and ever-growing body of research.  
Compact, walkable land use patterns have been consistently connected to 
lower rates of driving and higher rates of walking, bicycling and transit.  
This connection has been extended to health outcomes through the amount 
of walking, bicycling and driving that people do, which is connected to 
physical activity levels and Body Mass Index; through the amount of driving, 
which is connected to the rate of air pollution generated per capita, and 
through road and streetscape design, which is connected to pedestrian 
safety.  In the case of air pollution exposure, walkable communities also 
tend to have higher total traffic volumes (and thus a higher potential for 
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pollution exposure), despite the finding that residents of those communities 
drive less per capita.  In the case of mental health, the factors that have 
consistently been associated with better mental health – neighborhood 
stability and access to nature – are not necessarily associated with 
transportation choice or whether the built environment is walkable.  
However, physical activity, which is associated with the built environment 
and transportation choices, has been found to support mental health.   

Database Development 
For such a tool framework to be useful for Peel, it will need to have local 
data at its foundation wherever possible.  The bulk of this first project phase 
was spent developing the local built environment datasets that will be used 
to generate the statistical relationships that feed into the model platform.     

Local land use, street network and transit stop data from Peel, Brampton, 
Caledon and Mississauga were used to generate the built environment 
measures (the independent variables) for the analysis.  Built environment 
measures were created around every postal code in the Peel Region for 
which data was available. Postal codes are used because that is the most 
specific spatial level at which Canadian Community Health Survey and the 
Greater Toronto Area Transportation Tomorrow Survey data are provided.  
In recognition that the built environment immediately outside and adjacent 
to a postal code is important to include measures were calculated based on 
the area within a one kilometer walking distance of the postal code.  The 
built environment measures created were determined by literature review 
results, prior research by the research team, and data available.  The 
measures created were: 
Net Residential Density 

Land Use Mix (the relative distribution of the land area of six general 
groupings of land use:  single family, multifamily, institutional (e.g., 
civic, government, educational or health related uses), commercial, 
office or public use (e.g. open space, park, recreation or worship) 

Street Network Connectivity (intersection density) 

Overall Walkability (the Walkability Index, a combined factor of 
residential density, land use mix, and street connectivity)   

Sidewalk Length (total length of sidewalks) 

Number of Bus Stops  

Whether or not a buffer contained 1) a retail location other than a 
supermarket; 2) a supermarket; 3) either a restaurant or a fast food 
outlet; 4) a park. 
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Model Prototype Recommendations 
In urban planning, the practice of scenario planning is common, where 
potential impacts of different policy scenarios are estimated quantitatively 
using a forecasting model.  For instance, a scenario may be created that 
compares the impacts of a development proposal, zoning change or new 
transit line to the existing conditions.  The results of the scenario analysis 
are estimated on traditional planning outcomes such as transportation 
mode share, average commute time, distance traveled, population, 
residential density, and employment.  Statistical model results that link 
land use characteristics to physical activity and public health outcomes 
can, therefore, be incorporated into already-existing tools, allowing those 
tools to estimate activity and health outcomes from development.   

The outcomes available for use in the Peel Region come from two sources. 
The health data are from the Canadian Community Health Survey and 
travel behavior data are from the Greater Toronto Area’s Transportation 
Tomorrow Survey. These outcome variables include: 
Total Trips 

Active Mode Trips (walking or bicycling) 

Active Mode Split (ratio of walk / bike trips to trips made by other 
modes, such as auto, bus or rail). 

Body Mass Index  

Obesity Classification (Not Obese/ Obese) 

Energy Expenditure 

Number of Hours Walked to School or Work  

Participates in Daily Physical Activity for 15 minutes or more (Yes/No)  

Physical Activity Index (Active/Moderate/Inactive) 

Presence of diabetes, asthma, high blood pressure, and arthritis 

For the urban planners and elected officials who make decisions about land 
use and transportation, public health is just one topic within an even 
broader array of benefits, drawbacks and trade-offs that must be weighed in 
order to adequately and strategically inform decisions.  Creating one model 
that can estimate outcomes related to both urban planning and public 
health streamlines the analytical process, reduces demands on staff and 
resources, and creates a common methodology that can be used by both 
planners and health practitioners.  Additionally, using an already 
established modeling platform allows us to build on an existing user 
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interface instead of creating one from scratch.  Therefore, we recommend 
building upon an established modeling platform known as I-PLACE3S1.  

I-PLACE3S was developed in the public sector by the California Energy 
Commission (CEC), the California Department of Transportation and the 
U.S. Department of Energy, and can currently evaluate how alternative 
development approaches or transportation investments may impact a 
number of indicators, including transportation, energy usage, cost 
efficiency, and climate change.  I-PLACE3S analysis is conducted through a 
web-based map display, and this strong visual component and interactivity 
supports scenario development and testing by non-technical users in 
settings such as public workshops, as well as in more technical settings.  I-
PLACE3S has been used at a number of scales and settings, from the very 
small (neighborhood) to the very large (multi-county regions), and will match 
up well with the scale and nature of Secondary and Block Plan level analysis 
that is needed in Peel.  Using I-PLACE3S also allows the Peel Region to build 
on a significant amount of work already done by the research team to 
incorporate health outcomes into I-PLACE3S for a similar project in King 
County, Washington (Seattle region).   

For single developments or in cases where the time frame is short, we also 
recommend the development of a simpler “checklist” tool to serve as a first 
screen, alongside or in lieu of the more rigorous modeling tool.  A checklist 
allows the rapid evaluation of probable development impacts in a systematic 
fashion, allowing a developer, planner or public health official to identify 
features of a development that should be changed in order to mitigate 
potential negative impacts, without the need for as much data or 
preparation as a full-blown analysis with modeling software.   

Next Steps 
The next phase of this project will be to complete development of a health 
impacts model for Peel, based on local data.  We recommend the inclusion 
of health outcomes within I-PLACE3S, which creates a useful tool for 
planners and public health officials alike.   

Data Recommendations 
Data from Toronto were not available in time to be included in this analysis.  
This greatly limited the variation in urban form and eliminated the ability to 
conduct meaningful statistical analysis as a method to describe the 
relationships between land use, travel behaviour and health.  In the next 
phase of the analysis, Toronto data will be used (we have been provided it 
already).  This will create a much broader spectrum of built environment, 

                                                
1 I-PLACE3S = Internet-based Planning for Community Energy, Environmental & Economic, 
Sustainability 
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transport and health behaviour and allow the creation of the regression 
models that can be included in I-PLACE3S.  Regression modeling will also 
allow the inclusion of control variables, such as socio-demographic factors.   

Additional effort should be directed toward acquiring building floor area for 
all land uses, rather than just for the residential as has already been 
provided. The addition of these data will allow for additional important 
urban form measures to be created including a mixed use measure based 
on the relative ration of building floor area (rather than land area) by 
different uses, and a ratio of retail floor to land area, which provides an 
indication of the verticality of the retail space. 

It may be possible to obtain additional data sources that could be used in 
the analysis and in I-PLACE3S.  These data sources could include travel 
demand model outputs that describe transit accessibility, or pedestrian / 
bicycle crash data.  It is also recommended to further explore the inclusion 
of other outcomes, such as vehicle emission generation and exposure to air 
pollution, using data from other regions if needed.   

It is also recommended that a residential preference survey be done, and 
that it should be integrated with the next region travel survey. A residential 
preference survey provides an assessment of the demand for different types 
of development, including those currently not offered (or not offered in 
sufficient quantity). It also provides a better understanding of the 
importance of the many different factors (e.g. distance to work, travel 
options, lot size, proximity of neighbors and non-residential destinations) 
involved in a person’s (family’s) decision on where to live and in what type of 
community.  By integrating the survey with a travel survey people’s reported 
travel and activity behavior and the objectively measured urban form of 
their current neigborhood  can be included in the analysis of residential 
preferences. 

Recommendations for Model Development 
Due to its flexibility, robustness, and ability to leverage a great deal of 
investment, we recommend building on the I-PLACE3S platform to create a 
tool for Peel.  This is the goal of the project’s second phase.   

This process will involve the following steps: 

1.  Methodology.  The first major task of the project will be to develop a 
methodology that addresses the following major topics and questions, 
including those related to the technical recommendations above.   

2.  Additional Data Collection & Development.  It will be necessary to 
determine early on which additional data sources to pursue and develop as 
part of the second project phase.   
3.  Analysis.  The other major task of the project will be performing the 
regression analysis that will be used to support I-PLACE3S once an 
expanded dataset is complete.  The regression analysis will also, 
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importantly, simply inform the nature and strength of built environment – 
public health relationships in the region.  The results of the analysis can be 
used to inform and set policy, outside their primary function in I-PLACE3S.   

4.  Programming.  Incorporate model results into I-PLACE3S.     

5.  Case Study Testing.  To validate the new version of the I-PLACE3S 
model, we recommend using a case study approach.  The case study will 
help to calibrate the new version of I-PLACE3S, test its usability in actual 
settings, troubleshoot the programming code, and build a knowledgeable 
user base.  In cooperation with Peel staff, we will select a case study area 
that highlights a real-world planning decision.  The case study should be a 
Block Plan or Secondary Plan, in order to best match it to the way I-
PLACE3S will actually be used in practice, and ideally will be at a stage 
where the results may be able to impact the decision being made.   

6.  Training and user documentation.  We will supplement the existing I-
PLACE3S documentation for Peel and develop and conduct a training 
session for Peel staff.  The nature and extent of the training will be 
determined in consultation with Peel, and could include staff from the 
municipalities in the region or others as determined.    
7.  Checklist development.  We also recommend the development of a 
checklist that can be used as a first screen, or in cases where time frame is 
short or the scope of analysis is limited.  The checklist should be evidence-
based, and designed to give a simple, fast assessment of how a proposal 
might impact public health outcomes.    

At the conclusion of this second phase, we envision the following products 
and results: 

• A version of I-PLACE3S that includes public health outcomes, is 
built on Peel / GTA region data, and calibrated for use in that 
region; 

• A core I-PLACE3S user group of Peel staff who are familiar with 
the use of the tool and capable of using it to conduct analysis; 

• Results from the testing of I-PLACE3S in a case study area;  

• Results from the analysis of built environment and public health 
in the GTA region; and   

• A checklist, containing urban form targets and ranges, that can 
be used for screening or quick review. 

Recommendations for Supportive Policy Development 
In addition to the data and tool development tasks described above for 
Phase II it is recommended that Peel continue to implement development 
policies which are supportive of physical activity and health.  The policies 
areas recommended for consideration include: 
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1.  Prioritize social inclusion and affordability.   
2.  Encourage close-in, infill and brownfield development.   
3.  Limit greenfield development.   
4.  Encourage compact, mixed-use development.  
5.  Encourage healthy food sources in close-in and low-income  

areas.  
6.  Invest in parks, trails and other recreational facilities.   
7.  Invest aggressively in pedestrian, bicycle and transit  

infrastructure.   
8.  Coordinate development with existing or planned transit.  
9.  Avoid locating sensitive land uses near sources of air pollution  

or noise.   
 

Peel’s desire for health-supportive decision making comes at a key point in 
the region’s development, dovetailing with the recent adoption of a visionary 
plan to guide growth in the province - the Growth Plan for the Greater 
Golden Horseshoe.  This plan sets targets, policies and directs major growth 
to contain sprawl and support active, healthy communities.  I-PLACE3S can 
play a key role in the implementation of the Greater Golden Horseshoe Plan, 
particularly within the context of Peel’s Secondary/Block Planning 
processes.   

The I-PLACE3S tool can, if desired, also be used for larger-scale planning 
analyses – at the regional or municipal level.  Although the broad planning 
goals for public health, agricultural preservation, and environmental 
sustainability call for the same basic strategy - creating a compact, walkable 
built form - optimizing all of these goals (as well as others) in 
implementation will be complex.  The region may, for this reason, want to 
think strategically about expanding I-PLACE3S’ role into these larger scale 
efforts.   

Peel’s effort to integrate health goals into the practice of planning decisions 
is framed within the practice of Environmental Assessment (EA) and Health 
Impact Assessment in Canada.  Environmental Assessment has been 
practiced in Canada since the 1970s, and became mandated in 1995 as part 
of the Canadian Environmental Assessment Act.  Human health has always 
been a part of EA, and has been explicitly recognized as a part of EA in 
federal and provincial legislation.   

Now, Peel has institutionalized the relationship between health, 
environmental and impact assessment, and decision making within its own 
boundaries.  This is an important step, as it is the small decisions made at 
the implementation level that will have an impact in the aggregate.  With a 
projected population increase of 400,000 additional residents by 2031 
(about a third of the current population), there is significant opportunity to 
ensure that new development in Peel supports active living.  Furthermore, 
the choice to guide those decisions via not only evidence, but local evidence, 
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will make a clear connection between research and what is happening on 
the ground, creating the strongest argument for a built form that supports 
an active, healthy Peel region.   

 



 

1.  INTRODUCTION AND BACKGROUND 
In December 2005, the Region of Peel Council endorsed the “State of the 
Region’s Health Report 2005 –Focus on Overweight, Obesity and Related 
Health Consequences in Adults.”  This report found a number of alarming 
health trends related to physical activity and body weight in the Peel Region: 
Low rates of physical activity.  Over half (54 percent) of Peel residents 
reported being physically inactive in 2003, a higher portion than the 
province as a whole (50 percent).  (Chapter 5, p 30) 

Low rates of bicycling and walking for transport when compared to other 
Canadian municipalities.  (Chapter 5, p 31) 

High rates of obesity and overweight.  31 percent of Peel residents were 
overweight, and 14 percent were obese in 2003 (Chapter 3, p 1) 

In discussing potential causes of these conditions, the report mentions 
recent research that connects sprawling, auto-oriented development 
patterns to obesity and lack of physical activity, and notes the trend in Peel 
towards “sprawling, low-density development.”   The report discusses the 
need for health officials to work with communities and other sectors of the 
region, such as schools and workplaces, to “reverse the increasing trend in 
obesity.”  (chapter 5, p 31-32). 

This prompted the Peel council to adopt Resolution 2005-1395, which 
directed Peel Public Health to work with the Planning Commissioners and 
the Commissioner of Community Services for the three area municipalities 
(Brampton, Caledon and Mississauga) to “study and make 
recommendations for planning policies and processes that provide greater 
opportunities for active living.”  

The Resolution also requested that Public Health staff comment on 
development applications that come to the Region of Peel for comment, in 
order to ensure that public health considerations are integrated into the 
Region’s development.  An evidence-based health assessment tool can 
provide a consistent, robust evaluative framework for comment on the 
potential health impacts of these proposals.  Since no such tool currently 
exists, the purpose of this first phase of the project was to investigate the 
state of the evidence, evaluate the options for developing such a tool, collect 
and build the necessary databases to support the tool in Peel, and to convey 
what the tool will look like and how it will function.  Ultimately, the end of 
the project’s second phase will result in the actual development and testing 
of such a tool.   

With a projected population increase of 400,000 additional residents by 
2031 (about a third of the current population), there is significant 
opportunity to enhance the health promoting characteristics of new 
development in the Region of Peel, ensuring that it supports active living.   
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Secondary and Block Plans will be the focus of Health Region review. 
Secondary Plans are developed for the major districts within the 
municipality’s Official Plan, and add more detail to land use designations, 
uses and policies than those found in the Official Plan.  Block Plans nest 
within Secondary Plans and are used to coordinate infrastructure and 
design of large-scale greenfield development.  They act as a bridge between 
the Secondary Plan and subdivision design / development proposals.  Block 
Plans are often assembled by groups of  

developers that own adjacent parcels of land.  The Block Plan process 
typically entails multiple meetings between a City and the developers to 
ensure block plan guidelines are met before a City and the Region formally 
review and comment on the block plan proposal. 

 
 

Figure 1.  Typical Block Plan Scale and Layout.   
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Therefore, a key feature of the tool that is developed from this project will be 
its ability to evaluate the health impacts of Secondary and Block Plans.  
This means creating a tool that works at the appropriate scale, and is able 
to use the information submitted at the Secondary and Block Plan levels. 

1A.  Project Purpose / About this Report 
As noted previously, this project will result in the creation of an objective 
evidence-based assessment tool for use in commenting on development 
applications at Block and Secondary Plan stages of review.  The tool will be 
used to estimate several health related impacts of alternative approaches to 
development and to foster a more health-promoting urban design in the 
Region of Peel.  The philosophy underpinning the overall effort is that by 
establishing evidence based criteria which are then used to evaluate 
development proposals through the tool, there will be the potential to 
change the types of projects developers bring forth for permitting.  Moreover, 
if changes are made to the permitting process to help advance health 
promoting projects then over time, more of the development proposals will 
already be consistent with the Region of Peel’s established goals for the 
promotion of population health.  

In the project’s first phase, the following activities were the first steps to 
achieving the above stated goal:  

Creating a literature and best practices review.   

The literature review summarized the state of the evidence linking the built 
environment to four classes of health outcomes:  Physical Activity & Body 
Weight, Air Pollution Exposure, Pedestrian Safety from Traffic, and Mental 
Health.  The review also reviewed available tools and approaches to evaluate 
the impacts of the built environment on health.  A summary of the literature 
review’s findings and conclusions are covered in Chapter 2, Overview of the 
Research.  Chapter 3 continues the discussion of the potential tools and 
recommends an approach. 

Obtaining and incorporating input from stakeholder and expert panel 
review. 

As part of the project, Peel Public Health convened an expert panel (refer to 
the acknowlegdements for a list of the panel members) made up of leaders 
in the fields of health and urban planning to provide feedback on the 
project.  The panel reviewed and discussed the project approach, the 
literature review, the conceptual modeling framework and the available data 
to be used as inputs.   

Obtaining and assembling local land use, travel behavior and health data. 

The foundation of the empirical results that feed into a health assessment 
tool is local land use, travel and health data. Health and travel behavior 
data provide the outcomes (the dependent variables) for the analysis.  
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Chapter 4 discusses these data sources and describes the data that were 
obtained.     

Creating built environment measures across the entire region.   

Data on land use, street network and transit characteristics allow 
measurement of the built environment (the independent variables).  Chapter 
4 describes how these data were used to create built environment measures.   

Characterize statistical relationships between features of the built 
environment, travel, and health.  

Chapter 5 summarizes the characteristics of the datasets and the statistical 
methods used.  As expected, there was little variation in the built 
environment within Peel making it so it was not possible to perform 
regression analyses without the inclusion of urban form data from Toronto.  
Data assemblage of this scale is very difficult to conduct and considerable 
time is required to get the necessary data.  Data is required across both the 
Region of Peel and the GTA to obtain required variations in urban form and 
health related outcomes.  This data is now in hand and will be able included 
in the next phase of the project.   



 

2.  STATE OF THE RESEARCH – AN OVERVIEW  
The literature review was the first task undertaken in this project, and 
provided the foundation of evidence for the tool’s development.  This chapter 
will summarize the review’s broad conclusions on the relationship between 
peer-reviewed evidence on relationships between built environment 
characteristics and four health outcomes:   
Physical activity (including amount of walking) & body weight  

Air pollution (including amount of driving) 

Pedestrian Safety 

Mental health 

The built environment is a product of land use decisions and transportation 
investment; it impacts public health largely because of the transportation 
choices that result from different built environment patterns.2 A large and 
ever-growing body of research has documented the basic link3 between the 
built environment and transportation behaviour.  This connection is a 
fundamental aspect of transportation planning.4  Although there is no 
causal evidence, significant cross-sectional relationships have been found in 
many places, at many scales of measurement.5   

Some health objectives, such as physical activity levels, are affected 
primarily by the amount of active travel - walking and bicycling – that 
people do.  Others, such as noise, traffic safety and pollution emissions 
depend on the amount of automobile travel.  All of the outcomes related to 
how we travel – air pollution and respiratory illnesses, traffic safety, noise, 
and physical activity - can also impact a person’s stress levels, which have 
been linked to mental health.  Generally, practices that shift travel from 
private vehicles to nonmotorized transportation and transit can provide 
multiple benefits in the form of increased physical activity, less sedentary 
time in cars, less per capita air pollution and reduced accident risk.   

The connection between built environment (land development and 
transportation system patterns and characteristics) and travel behaviour 
works at two geographic scales: regional – where development goes in a 
region, and local – how a neighbourhood is designed.  The regional location 
of major population and employment centers influence travel behaviour by 
making certain modes of travel more or less convenient or ‘costly’ than the 
others and determines the relative convenience of transportation options 
people have for getting from home to work, school, and other destinations.  

                                                
2 Sallis et al 2004; Saelens et al 2003b; Handy et al 2002; Frank et al 2004. 
3 Handy 1996, Frank 2000, Ewing and Cervero 2001 
4 Meyer, Kain, and Wohl 1965. 
5 Such reviews have been published by Ewing and Cervero 2001, Frank 2000; Boarnet and Crane 
2001, USEPA 2001, Kuzmyak and Pratt 2003, Bento et al. 2003; TRB/IOM 2005.   
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Neighbourhood design is connected to both local and regional travel 
behaviour.  Compact, walkable, mixed use development allows people to 
walk or bicycle for short trips in their neighbourhood, and also factors in 
the decision to take transit for longer regional trips (such as work trips).  
The connection between non-motorized travel for local and transit for 
regional travel is critical. 

Neighbourhood design relates to travel patterns primarily by impacting 
proximity between destinations and directness of travel between these 
destinations, as shown in Figure 3.  Proximity is a function of both the 
density (compactness) of development and the level of land use mix.  
Density and mix work in tandem to determine how many activities are 
within a convenient distance6.  Connectivity determines how directly one 
can travel between activities on the street or path network.  Other factors 
can also complement or undermine a neighbourhood’s walkability.  
Presence or lack of sidewalks and other infrastructure for bicycling an
walking, building placement and site design, transit accessibility, and visual
quality not only impacts the actual safety and appearance of the 
streetscape, but the perception of an area’s safety a

d 
 

nd walkability.  

                                               

In reviewing the literature, a number of overarching methodological and 
research questions and issues are important to recognize:   

The question of self-selection.  There has been considerable debate in the 
scholarly literature over whether the relationship between land use and 
travel is causal in nature.  It is unclear is changes to the built environment 
will actually result in expected changes in travel.  To date, very little causal 
analysis has been conducted whereby before and after measurements are 
taken of travel and physical activity patterns, and body weight in response 
to a significant change in a set of individuals exposure to the built 
environment (e.g. the addition of a rail line where a group live or before and 
after people move).  Several recent studies that control for neighbourhood 
preference confirmed the importance of land use on travel behaviour – even 
when controlling for preferences.  People with similar preferences do make 
different travel choices when located in different types of urban settings.  
Moreover, many of us do not live in our idealized urban environment.  This 
disparity between preferences and actual choices in community design is a 
key point.  It makes it possible to evaluate how people’s preference for 
neighborhood design and travel options versus the actual environment in 
which they live or work each explain the travel choices they make.  Research 
results suggest that both preferences and the actual features of the 
neighbourhood in which we reside impact our travel behaviour.7  

 
6 Frank 2000, Sallis et al. 2004, Frank and Engelke 2001.  
7 Bagley and Mokhtarian 2002; Frank et al. 2007a; Handy et al. 2006; Khattak and Rodriguez 2005; 
Kitamura et al. 1997; Schwanen and Mokhtarian 2004; Schwanen and Mokhtarian 2005a; Schwanen 
and Mokhtarian 2005b.  
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The need for fine-grained analysis.  Because walking trips are typically 1 
km or less, fine-grained analysis is necessary to capture the spatial 
variation in the built environment that may be having an impact.   

The need for objective measurement.  Many urban form features, such as 
streetscape attractiveness, safety and security are qualitative factors and 
can be difficult to reliably quantify.  Although some well-structured studies 
are able to measure the impacts of these factors, the need for consistent, 
careful and objective assessment may preclude the ability to include such 
factors into an evaluative tool.  However, a surprising number of urban 
design features may be measured objectively using geographic information 
system software, aerial photography, geographic positioning systems (GPS), 
and digital video technology. 

Synergy and co-variation among measures.  The different characteristics 
that comprise walkability – residential density, land use mix, street 
connectivity and pedestrian-oriented site design - are interrelated and often 
occur together in urban areas.  Researchers seeking to identify the impact of 
individual built environment factors will need to control for confounding 
variables, in addition to demographic and other factors known to influence 
travel behaviour, such as transit access. 

Considering vulnerable populations.  Certain special population groups - 
children, the elderly, low-income, and different ethnocultural groups - will 
require slightly different interventions to increase their physical activity 
levels, reduce exposure to air pollutants and increase traffic safety and 
community cohesion.  In many cases, individuals fall into more than one 
vulnerable population – for instance, seniors are more frequently classified 
as low income, with higher proportions of senior immigrants and visible 
minorities living in poverty.8 

2A.  Physical Activity & Body Weight 
In Canada, the prevalence of obesity has more than doubled in the last 
twenty years.9  In Peel the trends are similar – 45 percent of the region’s 
population was overweight or obese in 2003.10  Diseases associated with 
obesity and low rates of physical activity – heart disease, obesity, high blood 
pressure - are currently among the leading causes of disability and death.   

Fortunately, even modest increases in physical activity tend to reduce 
mortality rates for both older and younger adults,11 which means that 
walking or bicycling for errands, to work or to school can be an important 
part of an integrated strategy to reduce obesity rates and to meet the Heart 
and Stroke Foundation’s recommendations of 30 minutes of moderate 

                                                
8 National Advisory Council on Aging 2005, as cited in Region of Peel Public Health 2006, p. 10 
9 Katzmarzyk and Mason 2006.    
10 Region of Peel Public Health 2005.   
11 Sallis et al. 2004. 
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activity per day.  Our surroundings can positively influence these outcomes 
if they encourage active transportation and access to healthy foods and 
recreational facilities.  

In general, the consensus in the research is that there is a connection 
between the built environment, sedentary vs. physically active modes of 
transportation and the resulting physical activity and overweight/obesity 
levels.12   Not only has urban form been found to be associated with the 
amount of active transport (bicycling and walking) that occurs, it has been 
correlated with total amount of physical activity.13   Sprawling land use 
patterns have also been correlated with higher body weights, obesity, and 
associated chronic diseases,14 and in one case, other health conditions.15  
Time spent driving has also been linked to obesity.16  However, at this point 
little research has studied whether or not there may be a causal 
connection.17  As noted above, much of the cross sectional research that 
exists suggests that both preferences and the built environment impact 
transportation and physical activity.18  Demographic variables – income, 
gender, age and auto ownership, among others – are also strongly related to 
physical activity and body weights.   

KEY LAND USE FACTORS 
The factors below represent the built environment factors that are a) 
strongly associated with physical activity, walking or obesity outcomes in 
the literature, b) consistently associated with physical activity, walking or 
obesity outcomes in the literature and c) policy-relevant either in ease of 
measurement, policy relevance or general applicability.  The full version of 
the literature review provides more detailed discussion of each factor: 
Residential Density 

Street Network Connectivity 

Land Use Mix 

Retail FAR 

Number of retail parcels  

Proximity to parks, recreational facilities & pathways 

Proximity to transit 
                                                

12 Lopez 2004; Papas et al. 2007. 
13 King et al. 2003; Saelens et al. 2003b.  
14 Ewing et al. 2003a; Frank et al. 2004; Giles-Corti et al. 2003; Saelens et al. 2003a; Frank et al. 
2005. 
15 Sturm and Cohen 2004.  
16 Frank et al. 2004. 
17 TRB-IOM 2005. 
18 Bagley and Mokhtarian 2002; Frank et al. 2007a; Handy et al. 2006; Khattak and Rodriguez 2005;  
Kitamura et al. 1997; Schwanen and Mokhtarian 2004; Schwanen and Mokhtarian 2005a; Schwanen 
and Mokhtarian 2005b. 
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Presence of sidewalks  

KEY OUTCOMES/INDICATORS 
The outcomes below are a) strongly associated with land use patterns in the 
literature, b) consistently associated with land use patterns in the literature 
and c) policy-relevant either in ease of measurement, policy relevance or 
general applicability.  The full version of the literature review provides more 
detailed discussion of each outcome: 
Amount of walking / bicycling.   

Total minutes of moderate physical activity.   

Body Mass Index/ percent obese / overweight 

2B.  Exposure to Air Pollution 
Vehicle travel in particular is directly related to the generation of air 
pollutants and CO2, the primary greenhouse gas.  However, the 
relationships between air quality, vehicle travel and land use patterns, and 
their health effects are complex.  Air pollution is made up of a variety of 
substances, each with different sources, patterns of distribution, and health 
impacts.  Each pollutant therefore has a different association with land use 
patterns and transport, making it difficult to determine how a particular 
land use policy will affect air pollution levels or exposure risks.  It is even 
possible that a policy could reduce the health risks in one area (e.g. 
increased physical activity from walking) while increasing the health risks in 
another area (e.g. increased exposure to air pollution).   

High per capita vehicle kilometers of travel and high numbers of vehicle 
trips are associated with higher levels of several air pollutants that have 
adverse respiratory health impacts: fine particulates (PM), toxins, carbon 
monoxide (CO), oxides of nitrogen (NOx) and volatile organic compounds 
(VOCs).  Although residents and workers in compact, walkable areas tend to 
drive less19 and therefore generate less air pollutants per capita20, these 
areas also tend to generate more traffic overall, and because of higher 
densities that traffic is closer to more people.  This conflict is of crucial 
importance for particulate matter and carbon monoxide, which concentrate 
close to their source.    

Actions that reduce total per capita vehicle miles and trips, make vehicle 
traffic smoother, encourage less polluting vehicles and increase the physical 
separation between vehicle traffic and people are all likely to reduce human 
health risks from vehicle-related pollution.  As population density increases, 

                                                
19 LFC 2005a; Frank and Pivo 1995; Cervero 1991; Cervero and Kockelman 1997; Frank and Pivo 
1995; McCormack et al. 1996, Frank et al. 2006; Ewing and Cervero 2001; Holtzclaw 1994; Dunphy 
and Fisher 1996; Frank et al. 2000; PBQD 1996; Ross and Dunning 1997; Kitamura et al. 1997; 
Cervero and Gorham 1995; Cervero and Kockelman 1997. 
20 LFC et al. 2005a; Frank et al. 2000; Frank et al. 2006.  
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so do the benefits of these interventions.21  Short motor vehicle trips in 
urban conditions tend to have relatively high per-kilometre pollution 
emission rates due to cold engine starts and traffic congestion, so 
reductions in the number of such trips tend to achieve relatively large 
emission reductions.  These short trips also have the most potential for 
replacement by walking and cycling.   

There are several ways to reduce exposure to air pollution for residents in 
compact areas.  Some research suggests that rather aggressive means to 
reduce traffic will be necessary22 to reduce exposure to air pollution.  
Policymakers that are serious about reducing pollutant exposure will need 
to aggressively encourage the use of alternative fuels and clean engine 
technologies, especially in commercial fleets and transit vehicles.  Traffic 
reduction programs in city centres, such as London’s congestion pricing 
scheme, will also be effective if political will is present to implement them.  
Car-free zones in the city centre, as has been done in many European city 
centres, removes vehicle pollution in the most congested areas.  Although 
more research is needed, it is well understood that concentrations of some 
pollutants decline quickly aware from their source (typically the roadway 
edge).  Therefore, at a minimum, core areas should be buffered from high-
traffic corridors associated with the movement of goods.  Housing facilities 
for at-risk populations, such as youth, the elderly and people with 
respiratory illnesses, should be located away from pollution concentrations.  
Additionally, buildings near high-traffic areas should be designed to 
minimize pollutant exposure using HVAC systems, which have been shown 
to reduce exposure indoors.23  

KEY LAND USE FACTORS  
The factors below represent the built environment factors that are a) 
strongly associated with air pollution outcomes in the literature, b) 
consistently associated with air pollution outcomes in the literature and c) 
policy-relevant either in ease of measurement, policy relevance or general 
applicability.  The full version of the literature review provides more detailed 
discussion of each factor: 
Residential density 

Land use mix 

Street connectivity 

Retail FAR 

Number of retail parcels 

                                                
21 Friedman et al. 2001; Frank and Engelke 2005. 
22 Owen 2005; Torp and Larssen 1996. 
23 Sultan 2007.   
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Proximity to high-traffic corridors  

Proximity to key pollutant generators (distribution centres, heavy rail 
transit, dry cleaners, gas stations, and others) 

KEY OUTCOMES/INDICATORS 
The outcomes below are a) strongly associated with land use patterns in the 
literature, b) consistently associated with land use patterns in the literature 
and c) policy-relevant either in ease of measurement, policy relevance or 
general applicability.  The full version of the literature review provides more 
detailed discussion of each outcome: 
Vehicle Kilometres of Travel (VKT) 

Vehicle Hours of Travel (VHT) 

Mode Choice  

In addition to those above, individual emissions, such as NOx, VOCs, CO, 
and CO2 should be included as outcomes where data is available and it is 
possible to measure or estimate them precisely. 

2C. Pedestrian Safety from Traffic 
Land use patterns, automobile dependence and traffic safety affect each 
other in a number of ways.  As people spend more time in cars, their risk of 
being in an accident increases.  Roads that are designed to move vehicles as 
efficiently as possible mean collisions happen at higher speeds, and thus 
are more severe when they do occur.  For pedestrians and cyclists, the 
combination of fast-moving traffic and street design that is hostile to non-
motorized transport creates an environment that is unpleasant as well as 
unsafe.  Rates of injury and death from traffic crashes are generally higher 
among males and young people.  Because they tend to kill or disable people 
at a relatively young average age, the potential years of life lost due to traffic 
crashes is even greater.24  Especially in the case of women, children, the 
disabled and the elderly, safety and security from crime and traffic are 
absolutely crucial, and have been linked to physical activity rates.25   

Speed and traffic volumes26 have been consistently documented in the 
research as related to the number and severity of crashes, and some 
research has found street width27 to be a factor as well.  Recent research 
has found that per capita traffic fatality rates tend to be higher in sprawl
communities than in compact, mixed use communities.

ing 

                                               

28  This is likely a 
result of increased per capita vehicle travel, higher travel speeds and 

 
24 World Health Organization 2004. 
25 Weinstein et al. 1999; Booth et al. 2000. 
26 Roberts et al. 1995; LaScala et al. 2000. 
27 Swift 1998.   
28 Ewing et al. 2003b; Lucy et al. 2003. 
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volumes, and more driving by teenaged and elderly motorists due to poor 
travel options.  Additionally, because compact, walkable communities have 
been linked to lower per capita miles and hours of travel, they can also 
lower exposure to traffic crashes.   

Interventions such as traffic calming,29 sidewalks30 and streetscape 
enhancements31 can be effective to slow traffic and improve actual 
pedestrian safety, as well as the perception of safety.  Although mid-block 
crosswalks and road diets can be effective strategies to improve safety, they 
can also backfire if not evaluated in the specific context of traffic volume 
and movement, surrounding street and streetscape design, and the needs of 
vulnerable populations nearby such as disabled, elderly, or youth.32  
Overall, interventions are going to be most effective when they are part of a 
holistic area-wide strategy rather than as spot applicati 33ons.    

                                               

When measuring risk from traffic crashes, the number and location of 
pedestrian/vehicle crashes need to be assessed in relation to total 
pedestrian volumes in order to get an idea of which locations are riskiest 
overall.  The locations with the greatest total number of crashes will often be 
the same locations where pedestrian volumes are greatest, while the 
locations with the greatest risk are likely to be different.   

KEY LAND USE FACTORS  
These factors represent the built environment elements that are a) strongly 
associated with pedestrian safety outcomes in the literature, b) consistently 
associated with pedestrian safety outcomes in the literature and c) policy-
relevant either in ease of measurement, policy relevance or general 
applicability.   
Traffic Volume   

Traffic Speed / Speed Limit   

Road Width/Number of Lanes  

Sidewalks   

KEY OUTCOMES/INDICATORS 
These factors represent the outcomes that are a) strongly associated with 
the built environment in the literature, b) consistently associated with the 
built environment in the literature and c) policy-relevant either in ease of 
measurement, policy relevance or general applicability.   

 
29 Zein et al. 1996. 
30 Tobey et al. 1983; Knoblauch et al. 1988; McMahon et al. 2002.   
31 Dumbaugh 2005; Lee and Mannering 1999; Naderi 2003. 
32 Zegeer et al. 2001; Milton and Mannering 1998; Sawalha and Sayed 2001; Vitaliano and Held 
1991; and Noland and Oh 2004; Huang et al. 2002.     
33 Pucher and Dijkstra 2000. 
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Pedestrian Crash Risk    

Pedestrian Crash Locations   

Total Pedestrian Crash Rate 

2D.  Mental Health 
The link between urban form and travel behaviour may impact mental 
health through several pathways – through differences in physical activity 
and stress levels, contact with nature, community or social networks, and 
independence for non-drivers.  Although compact, walkable environments 
may be linked to mental health in some respects, standard suburban 
development can also offer mental health benefits – regular contact with 
nature, a chance for time alone, a quiet setting.  More than the other 
outcomes discussed in the previous sections, the impacts of one’s 
surroundings on their mental health is likely to depend on individual 
preferences and whether those preferences are being met in the current 
living situation.   

There is generally very little research on the relationship between urban 
form and mental health, and what exists is somewhat inconclusive.  In one 
of the only studies to look at the link between mental health and sprawl, 
researchers found no significant relationship - despite finding a correlation 
between sprawling land use patterns and a number of physical conditions.34   

Evidence that shows that built form which enhances the sense of 
community,35 and provides access to nature and open space36 can reduce 
the burden of mental disease.  Some of these characteristics – supportive 
community networks and open space - can be found in either walkable or 
non-walkable neighbourhoods.  Planners should strive to incorporate 
positive characteristics of the suburbs – higher levels of home ownership, 
safe play areas or streets for children, and access to green space - into new 
infill development.  There is also a clear mental health benefit that can be 
found through increased physical activity37 and decreased driving38 
associated with walkable neighbourhoods.   

                                                
34 Sturm and Cohen (2004) 
35 Cohen et al. 2000; Fontana et al. 1989; Poortinga 2006. 
36 Louv 2005; Kaplan et al. 1998; Frumkin 2001; Guite et al. 2006; Moore 1981-82; Ulrich 1984; 
Diette et al. 2003; Kuo 2001; Maller et al. 2005.   
37 TRB / IOM 2005, p. 59 
38 Putnam 2000; Hoffman and Reygers 1960; Hoffman 1965, Taggart et al. 1969, White and Rotton 
1998; Hennessy and Wiesenthal 1997; Platt 1969; Burns et al. 1996; Tomasini 1979; Stokols et al. 
1978; Novaco et al. 1979; Novaco et al. 1990; Stokols and Novaco 1981; Schaeffer et al. 1988. 
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KEY LAND USE FACTORS, OUTCOMES AND INDICATORS  
Quantitative evidence on the mental health / built environment relationship 
is limited, and research in this area is in its infancy.  What is available does 
not point to specific urban form factors such as density, connectivity and 
land use mix that might improve mental health outcomes (although these 
factors, by increasing physical activity, could thereby indirectly impact 
mental health).  However, proximity and accessibility to parks and open 
space could be assessed within a planning context.  Additionally, amount of 
physical activity/walking and amount of driving (VHT), both of which are 
treated as outcomes or indicators in previous sections have been found to 
be positively associated with social capital and knowing neighbors, and 
could be used as indicators of mental health.   

2E.  Conclusions 
The outcomes and built environment variables that were identified in the 
literature review were the foundation of the data collection efforts described 
in the following chapters.  Although we were not able to obtain data on all of 
the indicators and outcomes, data is available for many of them.  In other 
cases, it may be possible to obtain and incorporate additional data into the 
second phase of this project.   



 

3.  DATABASE DEVELOPMENT 
The data described below were used to develop built environment measures 
at the postal code level for the entire region of Peel.  The main components 
used to build this spatial database are postal codes, road network and land 
parcels.  Postal codes are used as the organizing level of data primarily 
because that is the finest geographic level at which we know the location of 
Canadian Community Health Survey (CCHS) and Transportation Tomorrow 
Survey (TTS) respondents. The precise spatial location of the data from 
these survey households is critical, since the outcomes are being linked to 
the built environment around each survey participant’s home location.  

The road network was used to design one kilometer buffers from each postal 
code’s centroid.  These buffers are used to define the area immediately 
around each postal code that is accessible within a reasonable (1 km) 
walking distance.  Parcel land use data provided information on the number 
and amount of land by different uses within each postal code buffer. From 
this information, various built environment measures were calculated, such 
net residential density, mixed use and intersection density.  These measures 
function as the independent variables in the analysis.  The remainder of this 
section summarizes the main steps used to create these measures. 

3A. Data Sources 
The Region of Peel provided many types of data which were used to create a 
region-wide, postal code level built environment database.  These data were 
largely in the form of geographic information system (GIS) shape files which 
allow the data’s spatial location in the region to be known and used.  Table 
1 below summarizes the provided data. 

DATA LIMITATIONS 
As indicated above, in some cases specific data were received for the entire 
region of Peel, in others only data for certain municipalities was available, 
and in some cases data were not able to be provided as requested.  Aerial 
photos, parcel data with land assessment information, Census data and 
Postal Codes were available for the entire Peel Region.  However, data such 
as building footprints, transit and sidewalks were only available for the 
municipalities of Brampton, Caledon, and/or Mississauga. Building floor 
area was only available for residential uses. The lack of floor area for 
structures on other land uses prevents some typical urban form measures 
from being calculated, e.g. retail floor to land area ratio (F.A.R.), and land 
use mix based on floor area of different uses.   

23 



 
Table 1: Data summary -- basis for urban form measures 

 
 Peel & 

Toronto 
Peel Mississauga Brampton Caledon Toronto 

Roads 
  

Land use 
parcels   
Postal Codes 

  
Traffic 
Analysis 
Zones (TAZ)—
boundaries, 
zone to zone 
travel time for 
autos 

    

Census 
Tracts, 
Blocks & 
Dissemination 
Areas 

 
  

 

Parks    

Transit Data 
(Bus Stops)  Not 

applicable 
Sidewalks 
(presence 
along road 
way) 

  
 

 

Trails 
    

Building 
Footprints    

Building 
Square 
footage 
(residential 
uses) 

  
 

 
  

 
  

Building 
Square 
footage (non-
residential use) 

 
Not 

obtained 
 

Not 
obtained 

Not 
obtained 

Not 
obtained 

Not 
obtained 

Not 
obtained 

Aerial Photos 
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3B. Built Environment Measures (Independent Variables) 
The spatial database containing built environment and other urban form 
measures based on postal code buffers was created using the following 
process: 

1. Assess data quality. 

2. Prepare data for use. 

3. Create boundaries of buffered postal codes. 

4. Aggregate parcel data to the buffered postal codes.  

5. Calculate urban form measures. 

Each of these steps is described below: 

1. ASSESSMENT OF DATA QUALITY.  
Data quality assessment efforts included ensuring GIS files are projected 
correctly, correct units of measurement are used (and that any conversions 
used are double-checked), and that records in tables can be uniquely 
identified.  Descriptive statistics of parcel land use and road network data 
(by road type) were also conducted to provide an in-depth understanding of 
the data and to potentially highlight any unusual occurrences such as 
missing data.  This quality control was conducted at each step of the 
process and, most importantly, when the final output files were produced. 
For example, intersection density calculations for buffers could be reviewed 
relative to other buffers in the database and visually on maps.  At various 
stages of the data quality assessment Peel Staff were also invited to review 
the work and check it for validity. 

2. PREPARING DATA FOR USE. 
Data preparation focused primarily on two datasets – the parcel data and 
the road network data. The Peel parcel data has an extensive coding system 
for 192 unique land uses. Distinguishing between all of these different uses 
is not necessary to create the needed built environment measures, so in 
consultation with Peel staff we created a consolidated land use coding 
system to streamline the creation of the built environment measures. The 
192 land uses were aggregated to 34 unique land use classes shown in 
Table 2, below. Completing this aggregation of land uses required extensive 
consultation with Mr. Andrew Cooper, GIS Systems Analyst at the Region of 
Peel. His knowledge of the data was indispensable given the lack of data 
dictionaries and documentation available to work with. The table below 
shows the aggregated set of land uses. Please see Appendix A for details on 
the consolidated groupings.   

3. CREATE BOUNDARIES OF BUFFERED POSTAL CODES 
As previously mentioned, the built environment measures are created for 
the area within a 1-km street network-based service area, or buffer, around 
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each postal code. This service area represents the area accessible to 
pedestrians on the street network within a reasonable walking distance.  
This process of building buffers used the GIS software created by ESRI 
called ArcGIS 9.3 and its Network Analyst extension.  

Table 2: Aggregated set of land use categories 
 

AGRICULTURAL   PARKING   RETAIL NEIGHBORHOOD OFFICE  
CIVIC   RECREATION   RETAIL OFFICE  
COMMERCIAL   RESIDENTIAL 3-6 units   SUPERMARKET  
COMMERCIAL_SMALL   RESIDENTIAL 7+ units   VACANT  
 DOCTOR_DENTIST   RESIDENTIAL DUPLEX   VACANT_RESIDENTIAL  
 EDUCATION   RESIDENTIAL OTHER   WORSHIP  
 ENTERTAINMENT   RESIDENTIAL SINGLE FAMILY   UNKNOWN  
 FAST_FOOD   RESTAURANT--CHAIN   RESTAURANT --CONVENTIONAL  
 INDUSTRIAL   RETAIL   GOVERNMENT  
 OPEN_SPACE   RETAIL LARGE   OFFICE LARGE  
 OTHER   RETAIL NEIGHBORHOOD   OFFICE SMALL  
 PARK      

 
Generally there are three steps to build network-based buffers.  These are 1) 
defining the road network dataset, 2) determining the center point upon 
which the buffer is based, and 3) determining the network distance at which 
each of these points is buffered.  Information available within the network 
dataset includes road name, road hierarchy and segment length.  Defining 
the network dataset involves setting certain parameters such as which 
roads are accessible, which roads are one way and information about 
whether turns are allowed on the network.  Allowing and restricting access 
based on network rules is a very important process in the development of 
network buffers, as it determines what is accessible to the pedestrian.  For 
example, individuals living in postcodes on the eastern side of Port Credit 
are restricted by the Port Credit River. Road types on which pedestrians are 
prohibited, e.g. freeway and ramps, were excluded from the network used to 
define the buffer. Please see Appendix 2 for details. 

Because the buffers need to extend outwards from a central point or 
polygon, the postal code centroid (centerpoint) was chosen as the point that 
each buffer would be based on.  Since these points do not typically lie on 
the road network, a second point was created on the road segment closest to 
the centroid. This was done automatically in the process of developing 
buffers using ESRI’s ArcGIS v9.3, and its Network Analyst’s ‘New Service 
Area’ tool.  

The third major step in developing the network buffer is to set the buffer 
distance. In this case, the buffer distance was set to one kilometer to 
represent a walkable distance to nearby destinations (about a 6-10 minute 
walk). This meant that a polygon would be generated based on a one 
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kilometer network distance (e.g. distance is measured on the street network, 
in order to represent the actual walking distance, as opposed to using a 
straight-line, or radial distance) away from the postal code centroid. Due to 
the close proximity of postal code centroids and the large buffer distance 
there is considerable overlap of buffer polygons. The figure below provides 
an example of a postal code, its centroid, and the resulting buffer boundary. 

 
Figure 2: Postal Code Buffer –  

The yellow block is the postal code. The red dot at its center is the postal code centroid. The red boundary line represents the 
one kilometer buffer. 

 
One kilometer network buffers were created for 20,736 of the 20,974 postal 
codes in the Peel region. The remaining 238 could not be generated because 
one kilometer along the road network from the centroid of those postal 
codes did not involve any turns on to alternate streets, and therefore created 
no area envelope upon which to base the buffer.  

4.  AGGREGATE PARCEL AND INTERSECTION DATA TO THE BUFFERED POSTAL 
CODES.  
Using various software including ArcGIS, PostgreSQL, PostGIS and Python 
code a process and automated program were created to allocate each parcel 
to a buffer based on the rule that the centroid of a parcel must lie within a 
particular buffer for it to be included in that buffer. Following this rule the 
parcels were then summed by land use, number of parcels, parcel land area 
and number of housing units for residential uses. Because there were 
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overlapping buffers, parcels could potentially be allocated to more than one 
buffer.  

A different process was used in ArcGIS to count the total number of three 
way or greater intersections per buffer. This process enabled intersections to 
be counted for each buffer regardless of whether buffers overlapped each 
other. The resulting information could be added directly to the buffer file 
avoiding the need for any aggregation process (as was needed for the parcel 
data). Figure 3 below provides an example of intersections within a postal 
code buffer. 

 
Figure 3: Intersections (red dots) within Postal Code (1km) buffer (purple boundary) 

5.  CALCULATE BUILT ENVIRONMENT MEASURES. 
Using the postal code level file created in the previous step the following 
measures were calculated: 

Net Residential Density – Total number of residential units across all 
occupied categories (i.e., single family, duplex, 3-6 story building, 7+ story 
building, other residential) within the 1 km postal code buffer, divided by 
the square kilometers of residential land across all categories (i.e., single 
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family, duplex, 3-6 story building, 7+ story building, other residential, and 
vacant residential) in the buffer area.   

Intersection Density – The total number of intersections within the 1km 
buffer of the postal code divided by the square kilometers of the buffer area. 

Land Use Mix – A continuous index of land use diversity, measured along a 
0-1 spectrum, with higher values indicating greater variety of land uses 
within the one kilometer postal code buffer.39  The value used here is based 
on six general groupings of land use:  single family, multifamily, 
institutional (e.g., civic, government, educational or health related uses), 
commercial, office or public use (e.g. open space, park, recreation or 
worship). The summed land area within land use types was used to develop 
this measure; however, the preferred metric is building floor area by land 
uses, which only exists for residential land uses. 

Walkability Index – A continuous measure of walkability derived from the 
sum of the standardized scores40 for Residential Density, the standardized 
score for the Mixed Use Index, and the standardized score for the 
Intersection Density. 

Sidewalk Km  – The total linear kilometers of sidewalks within the 1km 
postal code buffer. 

Bus Stops – The total number of bus stops within the 1km postal code 
buffer. 

In addition to these measures, a series of dummy variables were generated 
indicating whether or not the 1km buffer for the postal code contained 1) a 
retail location other than a supermarket; 2) a supermarket; 3) either a 
restaurant or a fast food outlet; 4) a park. 

Table 3 below summarizes these built environment measures and the data 
sources used to create them.   

3C.  Outcome Measures (Dependent Variables) 
The data used to measure the travel and health outcomes in this research 
comes from two sources.  Travel behaviour data is drawn from the 
Transportation Tomorrow Survey (TTS), conducted between Fall 2005 and 
Fall 2006 by the Data Management Group at the University of Toronto Joint 

                                                
39 The formula employed here borrows from the work of Cervero & Kockelman (1997), who proposed 

the index formula as   
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Where  
K =  Index of land use types in the zone 
prop (k) = Proportion of a specific land use type, compared to all land use types in the zone 
40 The constituent variables of the walkability index are normalized within the set of postal codes in 
the region. Normalization allows for the combining of variables using different units of measures. To 
normalize the variables is to determine for record’s value the number of standard deviations it is from 
the set’s mean.  
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Program in Transportation.  The public health data comes from the 
Canadian Community Health Survey-Combined File (CCHS Combined File), 
which covers versions 2.1 and 3.1 of the survey (collected in 2003 and 2005, 
respectively).  Descriptions of each of these datasets are provided below. 

TRAVEL BEHAVIOUR DATA:  THE TRANSPORTATION TOMORROW SURVEY (TTS) 
The survey covers 37,450 postal codes across the Toronto, Peel and outlying 
areas.  Of the 20,736 Peel postal codes with usable buffers, 9,036 are 
included in the TTS survey.  Figure 4, below, provides a map overview of 
where the valid TTS observations cluster relative to the entire combined Peel 
and Toronto areas. We include Toronto because the inclusion of TTS and 
built environment measures from it are needed to expand the variation in 
the dataset used for final statistical analysis. Using only Peel would 
constrain our ability to gauge the level of change in travel patterns and 
related health outcomes that might result from significant increases in 
walkability. 

Table 3.  Built Environment Measures 
 

Measure Definition Data sources 
Net Residential 
Density 

Number of residential units divided 
by area  in residential use 

Parcel data provided housing unit 
count and land area. 

Intersection 
Density 

Number of intersections (3-way or 
greater) per square kilometer. 

Street centerline file 
 

Land use Mix  Evenness in the relative amount of 
land area for the following land 
uses: 
-single family 
-multifamily 
-institutional 
-commercial 
-office 
-public 

Parcel files 

Presence of 
specific land use 

Presence within 1 km postal code 
buffers of the following land uses: 
-supermarket 
-retail location other than a 
supermarket 
-either a restaurant or a fast food 
outlet 
-park 

Parcel files 

Transit 
availability (for 
Brampton and 
Mississauga) 

Number of bus stops within 
buffered postal codes. Divide by 
postal code area to create bus stop 
density measure. 

Transit Centers, Routes and Bus 
Stops for Brampton 
Bus Stops and Routes for 
Mississauga 

Presence of 
sidewalks (for 
Brampton and 
Mississauga) 

The total linear kilometers of 
sidewalks within the 1km postal 
code buffer. 

Sidewalk data is only available for 
Brampton and Mississauga. Trails 
are also available for Mississauga. 
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Figure 4 Peel and Toronto Postal Codes with Valid TTS Observations 

 
This research focused on the following TTS measures: 

Total Trips - The average total number of trips, regardless of mode, made 
by households sampled from a particular postal code. 

Active Mode Trips - The average total number of trips completed by 
walking or biking, made by households sampled from a particular postal 
code. 

Active Mode Split - The ratio of Active Mode Trips to trips all trips made by 
non-physically active modes (i.e., Auto Driver, Auto Passenger, Motorcycle, 
Taxi, Bus, GO Rail, Joint Bus/GO Rail or School Bus) made by households 
sampled from a particular postal code. 
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Other variables provided by the TTS survey which, in addition to built 
environment measures, are expected to be significantly associated with the 
above outcomes include,  

• At the Person Level (aggregated by Postal Code) 
o     Age - Avg/Min/Max/Median & Std. Dev 
o     Driver's License - Count of persons with Driver's License 
o     Employment Status - Person count by Employment Status 
o     Population - Count, and count by Gender 
o     Student Status - Count of population by student status 

 
At the Household Level (aggregated by Postal Code) 

Household Size - Avg/Min/Max/Median & Std. Dev 

Dwelling Types - Count by Dwelling Type 

Employment full time/part time/home based - - Avg/Min/Max/Median & 
Std. Dev 

Number of Licensed Drivers per household - Avg/Min/Max/Median & Std. 
Dev 

Number of students per household - Avg/Min/Max/Median & Std. Dev 

Number of vehicles in household - Avg/Min/Max/Median & Std. Dev 

DATA LIMITATIONS 
As explained above the TTS contains individual travel behavior information 
aggregated to the postal code level of geography – either to the average 
person or average household level within the postal codes. The preferred 
person level data (without averaging or aggregation) were not available to the 
research team due to survey confidentiality issues. Aggregating these data 
to the postal code (and then averaging them across people and households) 
results in a loss of specificity and direct connections between person level 
travel behavior and their demographics.  While not ideal the postal code 
averages of the TTS data do provide important outcome measures and will 
be used within the confines of their limitations. 
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PUBLIC HEALTH DATA:  CANADIAN COMMUNITY HEALTH SURVEY (CCHS) 
The CCHS Combined File contains information on personal health questions 
for 13,681 persons.  Of the 13,681 persons in the dataset, 3,978 usable 
observations were identified as living within the Peel region, covering 2,527 
postal codes.  The postal codes are primarily concentrated in the developed 
areas of City of Brampton and City of Mississauga.  Figure 5 provides a map 
overview of where the valid CCHS observations cluster relative to the entire 
combined Peel and Toronto areas.  We include Toronto because the 
inclusion of CCHS and built environment measures from it are needed to 
expand the variation in the dataset used for final statistical analysis. 

 
Figure 5.  Peel and Toronto Postal Codes with Valid CCHS Observations 

 
The review in Phase I focused on the following CCHS physical activity 
measures: 
Body Mass Index (based on CCHS variable Htwcdbmi)  

Obesity Classification (Not Obese/ Obese, based on HtwcdBMI>=30) 
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Energy Expenditure  (during leisure time activities)41 

Number of Hours Walked to School or Work (Ordinal Classification, CCHS 
variable Pacc4a) 

Participates in Daily Physical Activity for 15 minutes or more (Yes/No, 
CCHS variable Paccfd) 

Physical Activity Index (Active/Moderate/Inactive, CCHS variable Paccpai) 

The Phase II effort will review the following health outcome variables for 
inclusion in the analysis as well --presence of asthma, diabetes, arthritis, 
high blood pressure and heart disease.  In addition to built environment 
measures the following CCHS variables will be tested in phase II model 
development for their association with the above outcomes -- survey 
participant age, gender, employment and education status, lives in an 
owner occupied home or not, if the interview was conducted in English or 
not, the number of household members, and the number of children under 
12 years old. 

DATA/RESULTS FROM OTHER STUDIES AND REGIONS 
It may be possible to obtain additional data from other sources that could 
be used in the analysis and in I-PLACE3S.  These data sources could 
include vehicle emission generation and exposure to air pollution, using 
data from other regions if needed.   

 
41 Based on CCHS variable Paccdee.  The average daily energy expended during leisure time activities 
(calculated over 49 categories) by the respondent in the past three months.  Energy expenditure per 
category is calculated as: EE (Energy Expenditure for each activity) = (N X D X METvalue) / 365. 
Where: N = the number of times a respondent engaged in an activity over a 12 month period. D = the 
average duration in hours of the activity. MET value = the energy cost of the activity expressed as 
kilocalories expended per kilogram of body weight per hour of activity (kcal/kg per hour)/365 (to 
convert yearly data into daily data). Source: Statistics Canada, “Canadian Community Health Survey 
(CCHS) Cycle 2.1 Public Use Microdata File (PUMF) Derived and Grouped Variable Specifications,” 
June 2005.  
http://prod.library.utoronto.ca:8090/datalib/codebooks/cstdli/cchs/cycle2_1/derive_e.pdf 



 

4. SUMMARY ANALYSIS OF DATA  

4A.  Descriptive Analysis – Built Environment 
Table 4 below provides the summary descriptive built environment values 
for the dataset.  The mean of buffered postal codes in the region for net 
residential density is 2506.9 dwelling units per square kilometer, 35.31 
intersection per square kilometer, 0.08 mixed use score (which ranges from 
0 to 1), 10 kilometers of sidewalks and slightly over 21 bus stops.  

Table 4: Summary of Non-Dichotomous Built Environment Variables for Peel Region  
at the one kilometer postal code buffer level 

 

  Net Residential 
Density  

(DU/ KM) 
Intersections per Buffer 

Sq. Km.  
Mixed Use Index 

within  
Walkability 

Index  
Total Sidewalk 

Kilometers  
Bus 

Stops 

N 
Valid 20,127 20,736 20,716 20,114 20,734 19,013

Missing 609 0 20 622 2 1,723 
Mean 2506.9 35.31 0.08 .38 10.00 21.36 

Std. Deviation 1707.7 16.69 2.21 .23 17.14 13.31 
Minimum 0 0 0 -5.27 0 0 
Maximum 34,777.6 333.3342 0.99 16.10 83.37 96 

 

Initially, all of the non-dichotomous built environment measures were 
divided into five groups (quintiles) representing equal intervals of built 
environment within the set of postal codes within the Peel Region (using the 
formula (maximum value – minimum value)/5).  These quintiles serve as the 
starting point for summary level modeling and for descriptive mapping 
purposes. 

During this process, it became clear that some of the urban form variables 
(specifically, net residential density and intersections per square km) were 
highly clustered in the first quintiles of their respective distributions43   
Because this clustering could potentially obscure important relationships, it 
was deemed appropriate to revise the quintile thresholds for these two 
variables.  .  The quintiles for the remaining urban form variables were 
calculated as previously described.  Final quintile upper boundaries are 
shown in Table 5, below, and the histograms in Figures 6 – 11 illustrate the 
concentration of observations within for each variable. 

 
Table 5: Quintile Boundaries for Built Environment Variables 

                                                
42 There are six buffers in the analysis with unusually large intersection densities due to very small 
buffer size.  These are potentially outliers.  We will make a final determination in the next phase of 
the project as to whether they should be dropped from the dataset.   
43 19,729 of 20,127 postal codes were in the first quintile for Net Residential Density as initially 
defined; for Intersections per Buffer Sq. Km., it was 20,323 out of 20,736. 
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Quintile Upper 
Boundaries 

 Net Residential 
Density, 
DU/Acre 

Intersections/ Sq 
Km 

Mixed 
Use 

Index 
Walkability 

Index 

Total Sidewalk 
 Kilometers 

within buffer 
Bus 

Stops 

1st Quintile 4 17 0.2 -1 16.67  19.2 

2nd Quintile 8 34 0.39 3.27 33.35  38.4 

3rd Quintile 12 51 0.59 7.55 50.02  57.6 

4th Quintile 15 68 0.79 11.82 66.69  76.8 

5th Quintile 140.74 333.33 0.99 16.1 83.37  96 

 

 
 

Figure 6.  Postal Code Counts by Quintile of Net Residential Density (dwelling units/acre) within 1 km buffer 
(quintile category thresholds correspond to values in Table 5) 
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Figure 7.  Postal Code Counts by Quintile of Intersection Density  

within 1 km buffer 

(quintile category thresholds correspond to values in Table 5) 

 
 

 
Figure 8.  Postal Code Counts by Quintile of Land Use Mix 

within 1 km buffer 

(quintile category thresholds correspond to values in Table 5) 
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Figure 9.  Postal Code Counts by Quintile of Walkability Index  

within 1 km buffer 

(quintile category thresholds correspond to values in Table 5) 

 

 
Figure 10.  Postal Code Counts by Quintile of Bus Stops 

within 1 km buffer 

(quintile category thresholds correspond to values in Table 5) 

38 



 

 
Figure 11.  Postal Code Counts by Quintile of Sidewalks 

within 1 km buffer 

(quintile category thresholds correspond to values in Table 5) 

This concentration of built environment values in the lower ranges is also 
visible when the data are arranged spatially.  The following maps, Figures 
12 – 17, are focused only on the developed area of Peel (the remainder of the 
region, with the exception of the land use mix measure, is fully made up of 
Quintile 1 values).  Views of the entire Peel region can be found in Appendix 
A.  Again, it is apparent that a large majority of the region is made up of 
lower density, lower connectivity development.  However, the region has a 
level and distribution of land use mix that provides potential for 
redevelopment into a more walkable pattern in the future.   
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Figure 12.  Residential Density – Spatial Distribution 
(1 Km postal code buffer values) 
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Figure 13.  Intersection Density – Spatial Distribution  

(1 Km postal code buffer values) 
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Figure 14.  Land Use Mix – Spatial Distribution  

(1 Km postal code buffer values) 
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Figure 15.  Walkability Index – Spatial Distribution  

(1 Km postal code buffer values) 
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Figure 16.  Sidewalks – Spatial Distribution  

(1 Km postal code buffer values) 

NOTE SIDEWALK DATA IS LIMITED TO BRAMPTON & MISSISSAUGA ONLY 
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Figure 17.  Number of Bus Stops – Spatial Distribution  
(1 Km postal code buffer values) 
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4B.  Descriptive Analysis – TTS 
As described above, three TTS based variables are proposed as outcome 
measures for subsequent analysis and modeling. Basic descriptive for these 
three are provided in the text and table below. 

 The average total number of trips, regardless of mode, made by households, 
at the postal code level, is 12.72, with a range of 1 to 124 trips. Fifty percent 
of the 9,036 postal codes with data show the average household making 
fewer than 10 trips. 

The average total number of household trips completed by walking or 
biking, made by households sampled, at the postal code level, 0.66 trips, 
with a range of 0 to 16. 

The average household ratio of active mode trips to all trips made by non-
physically active modes (i.e., auto driver, auto passenger, motorcycle, taxi, 
bus, GO rail, joint bus/GO Rail or school bus) is 0.07, with a range of 0 to 
4. 

Table 6: TTS Descriptives 
 

    

Total 
Trips 

Active 
Mode 
Trips 

Active 
Mode 
Split 

N Valid 9036 9036 9013 

Missing 0 0 23 

  Mean 12.72 0.66 0.07 

Std. 
Deviation 

10.48 1.46 0.20 

Minimum 1 0 0 

Maximum 124 16 4 

Percentiles 10 4     

20 4     

30 6     

40 8     

50 10     

60 12     

70 15     

80 19     

90 25     
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4C.  Descriptive Analysis – CCHS Physical Activity 
As described above, several CCHS physical activity variables are proposed 
as outcome measures for subsequent analysis and modeling. Basic 
descriptive for these variables are provided in the text and tables below. 

 
Table 7: Body Mass Index  

(based on CCHS variable Htwcdbmi) 

 

    Frequency Valid Percent 

 Normal 1948 54.6 

Overweight 1154 32.3 

Obese 466 13.1 

Total 3568 100.0 

 

Of the 3,568 people for the Peel region with valid responses in the CCHS 
dataset, 1,948 (54.6%) had “normal” Body Mass Index values (i.e., BMI 
value less 25).  An additional 1,154 (32.3%) were classified as “overweight” 
(i.e., a BMI value greater than 25 but less than 30).  Finally, an additional 
467 persons (13.1%) were classified as “obese” (i.e., BMI greater than or 
equal to 30).   

Table 8: Obesity Classification  
(Not Obese/ Obese, based on HtwcdBMI>=30) 

 

    Frequency Valid Percent 

Valid Not Obese 3102 86.9 

Obese 466 13.1 

Total 3568 100.0 

 

Using the same criteria and observations from Table 7, a variable was 
generated to classify all valid observations in the CCHS data set for Peel 
according to whether or not the person was obese (i.e., BMI greater than or 
equal to 30).  Table 8 indicates that for all respondents with valid BMI 
responses, 86.9% were not classified as obese. 
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Table 9: Number of Hours Walked to School or Work  
(Ordinal Classification, CCHS variable Pacc4a) 

    Frequency Valid Percent 

Valid None 829 21.5 

<1 Hour 461 12.0 

1 – 5 hours 1294 33.6 

6-10 Hours 535 13.9 

11-20 Hours 261 6.8 

20+ Hours 469 12.2 

Total 3849 100.0 

 

Of 3,849 valid CCHS responces in Peel, 1,294 persons (approximately 1/3 of 
all Peel CCHS respondents) reported walking between 1 and 5 hours to work 
or school per week; this is by far the group with the highest proportion of 
responses.  Of the remaining categories, 829 persons (21.5%) reported no 
walking activity during the previous week.  Given the pattern of results seen 
here it appears people either consistently/habitually do or do not choose to 
walk for these trip purposes. 
Table 10: Participates in Daily Physical Activity for 15 minutes or more (Yes/No, CCHS variable Paccfd) 

    Frequency Valid Percent 

Valid Yes 1471 38.0 

No 2400 62.0 

Total 3871 100.0 

 

Of the valid CCHS responses for Peel, 1,471 people (38%) reported getting at 
least 15 minutes of daily physical activity. 
 

Table 11: Physical Activity Index  
(Active/Moderate/Inactive, CCHS variable Paccpai) 

     Frequency Percent Valid Percent Cumulative Percent 

Valid Active 1960 26.0 26.7 26.7 

Moderate 1792 23.8 24.4 51.1 

Inactive 3596 47.7 48.9 100.0 

 

 

 
 
Of the valid CCHS responses for Peel, 3,752 (51.1%) were calculated to be 
either Moderately Active or Active.  Roughly half of respondents are 
categorized as physically inactive according to the definition of this variable 
(i.e., having a daily energy expenditure score of less than 1.5). The daily 
energy expenditure for Peel participants ranges from 0 to about 19, mean a 
mean of 2.3. 

The statistical tests used in Phase I, and reported on below, to analyze the 
relationship between the CCHS and TTS outcome variables and the built 
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environment measures is highly dependent on the data type of the 
particular dependent variables.  For continuous and count data (i.e., BMI, 
energy expenditure, trips and mode splits), it was possible to perform 
independent samples T-tests and One Way Analysis of Variance (ANOVA) 
tests.  These tests can determine if there are any statistically significant 
differences or trends with respect to built environment.  Specifically, 
independent samples T-tests were used to determine if health and travel 
outcomes were significantly different between residents of postal codes 
which had retail, supermarkets, restaurants/fast food or parks within their 
buffer from those which did not, while ANOVAs were used to determine if 
there were any statistically significant outcome differences between quintiles 
of continuous built environment measures (residential density, land use 
mix, intersection density, walkability, bus stops, and sidewalk length).   

As an extension of the ANOVA processes, additional statistical tests44 were 
run to determine which quintiles were significantly different from each 
other, and under what circumstances.  These tests are extensions of the 
idea behind the independent samples T-test, and look for significant 
differences between groups.  They apply more stringent criteria to any single 
contrast in an ANOVA table than a independent samples T-test, and reduce 
the overall likelihood of calling a difference statistically significant when in 
fact it isn’t.45   

For ordinal and nominally coded outcomes (i.e., obesity status, hours 
walked to school or work, physical activity for greater than 15 minutes per 
day, and physical activity index classification), the most appropriate tests 
were Chi-Square for counts of observations classified by outcome and built 
environment quintile.  One caveat of the Chi-Square test is that as sample 
sizes increase, it is more likely to find a statistically significant effect.  A 
significant Chi Square result in itself therefore does not indicate a strong 
relationship or if it is in the direction anticipated.  In order to address those 
additional concerns, we include the Somer’s d measure.  Somer’s d 
examines the prevalence of concordant and discordant pairings (i.e., 
groupings of observations which would indicate a positive or negative 
association, respectively, between built environment and health outcomes).  
The values of Somers’ d range from -1 to +1, with 0 indicative of no 
discernable association between the variables.  Thus, by combining the Chi-
Square test and the Somers’ d test, it is possible to make a more detailed 

                                                
44The Bonferroni and Tamhanes contrasts tests 
45 The significance threshold for any single contrast in a Bonferroni set up is p/N, where p is the 
overall probability of making a Type I error (i.e., falsely rejecting the null hypothesis of “no difference 
between groups”, usually set at p<=.05), and N is the number of unique contrasts possible; in a one 
way ANOVA, the number of unique (i.e., non repeating) contrasts N=n(n-1)/2, where “n” is the 
number of groups.  Thus, using the standard value of p, the significance value for any individual 
contrast among all 5 quintiles would have to be p<=.05/10=.005 in order to reject the null 
hypothesis; in situations where only 4 quintiles (i.e., 6 non-repeating contrasts) were available, the 
value would be p<=.0083; for three quintiles, the value would be p<=.0167. 
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assessment of the influence of built environment on ordinally measured 
health/activity outcomes. 

4D.  Results 
Given the volume of tests run, Appendices B, C and D provide the actual 
result for the tests described in Section IV.  The following conventions are 
applied to facilitate the forthcoming discussion: 
Presentation of results is organized by built environment variable, 
with all statistically significant relationships for health/activity and 
travel behavior outcome summarized in a single discussion. 

Where supplemental tests/findings are relevant (e.g., tests for equality 
of variance between built environment quintiles), they are summarized 
in the notes of the relevant table in the appropriate appendices. 

Significant tests are those whose standardized scores (i.e., F-test/T-
test) would be observed less than p% of the time if there were in fact 
no relationship between the built environment and health/activity 
outcome variables.  Tests that are significant at the 5% level have 
their standardized scores listed in bold; those that are significant at 
the 10% level have their standardized scores listed in bold italics. 

Where findings of significance may be influenced by inequality of 
variance between groupings, the findings are based on the results of 
the Tamhanes rather than the Bonferroni test, and the results of the 
Levene test for equality of variances is listed in the table notes. 

Where differences between quintiles are statistically significantly 
different, they are noted in the bottom of the appropriate tables, along 
with the results of the Levene test for assumptions about equality of 
variances between groups. 46 

NET RESIDENTIAL DENSITY  
The number of trips made by all travel modes increases monotonically as 
quintiles increase (i.e., the value in each quintile is always higher than the 
one preceding it, and lower than the one following it), except between 3rd 
and 4th quintiles (i.e., there is temporary a plateau effect).   

The number of trips made by active modes (i.e., biking or walking) do 
increase, but changes between the mid range quintiles (i.e. 2nd vs. 3rd and 
3rd vs. 4th) are not significantly different.  Considering the density categories 
used here, it would appear that where density does inspire more active 
travel mode choices, it is only after increases of several orders of magnitude; 
small changes in and of themselves may not produce a noticeable effect.   

                                                
46 Like the standard independent samples T-test, the Bonferroni test assumes that the proportional 
contributions of each group in a specific contrast to the overall standard error of the difference is 
equal.  This is not always true, especially in situations where observations are disproportionately 
clustered in one group.  The Tamhanes test is the standard SPSS complementary subroutine used to 
apply the Bonferroni test, accounting for unequal variances. 
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The findings for active mode split are substantively the same as those for 
Number of Trips Made by Active Modes. 

Lower residential density was consistently associated with higher average 
recreational daily energy expenditures per person, although differences were 
only observed to be significant between the 1st and 5th quintiles of 
residential density.  

Chi-square tests indicate a clear positive association between increases in 
residential density and increases in self-reported hours of walking for school 
or work purposes. 

INTERSECTION DENSITY  
The total number of trips, and active mode trips are higher in the 2nd 
quintile of intersection density (i.e., between 17 and 34 intersections per sq. 
km. of network buffer area) versus everywhere else, but otherwise the 
distinctions between the groups are insignificant.  BMI and energy 
expenditure are not significantly different between the intersection density 
quintiles. 

Higher active travel mode splits are observed in all quintiles of intersection 
density when compared to the 1st (i.e., lowest) quintile, but significant 
differences are not found after that.  In conjunction with this finding, the 
chi-square tests for number of hours walked for school or work purposes 
indicate that increases in intersection density within the 1km buffer lead to 
reductions in number of hours walked, which is inconsistent with 
expectations and previous research.  

LAND USE MIX 
Total number of trips and active mode trips both increase as mixed use 
index quintiles increase.   

Active mode splits increase monotonically between 1st and 4th quintiles.   

Energy expenditure is significantly higher in all quintiles vs. 5th quintile, 
though trending downward as quintiles increase.   

Increases in mixed use are associated with increases in self-reported hours 
walked, but a decrease in achieving 15 minutes or more of physical activity 
per day and in the physical activity index (active/moderate/inactive). 

WALKABILITY INDEX 
Total number of trips made increases monotonically as quintiles increase.   

Active mode use also rises, though not consistently, and active mode split is 
only significantly higher moving from 1st to 2nd quintile.   

BMI is higher in the 2nd quartile than the 1st; energy expenditure is different 
overall, although specific differences between groups are not discernable 
due to increased thresholds for statistical significance of individual 
contrasts.  
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Contrary to expectations, obesity status is positively associated with 
increased values of the walkability index.  Increased walkability is also 
(counter intuitively) associated with decreases in achieving 15 minutes or 
more of physical activity (yes/no) and a lower physical activity index 
(active/moderate/inactive). 

SIDEWALK LENGTH 
Significant differences were observed between quintiles for the total number 
of trips generated (for all travel modes) and for active mode split, but there 
were no conclusive indications as to which quintiles were significantly 
different from each other.   

BMI is higher, and energy expenditure lower, in the 3rd vs. the 1st quintile.   

Contrary to expectations, quintiles of sidewalk distance are positively 
associated with being obese, and negatively associated with self reported 
number of hours walked, achieving 15 minutes or more of physical activity 
(yes/no) and physical activity index classification 
(active/moderate/inactive). 

NUMBER OF BUS STOPS IN 1KM BUFFER 
Total number of trips, active mode trips and active mode split all 
monotonically increase as quintiles increase.   

No statistically significant effect on BMI, although energy expenditure does 
drop when moving from 1st to 3rd quintile.   

No clear effects on obesity, self reported walking or achieving 15 minutes or 
more of physical activity, although increased bus stop quintiles are 
associated with a lower physical activity index classification 
(active/moderate/inactive) – contrary to what might be expected.   

PRESENCE OF RETAIL WITHIN 1KM BUFFER 
Total number of trips made (by any travel mode), number of active mode 
trips and active mode split are all higher when at least 1 retail location is 
within the buffer.   

Lower energy expenditures, a reduced likelihood of achieving 15 minutes or 
more of physical activity and a lower physical activity index classification 
(active/moderate/inactive) are associated with presence of at least 1 retail 
location in the buffer.   

PRESENCE OF SUPERMARKET WITHIN 1KM BUFFER 
No discernable effects of any type detected. 

PRESENCE OF FAST FOOD OR RESTAURANT WITHIN 1KM BUFFER 
A higher number of active mode trips were observed when fast food or 
restaurants were present in the buffer.  However, there appeared to be no 
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statistically significant effect on total number of trips made or active mode 
split.   

Lower energy expenditures were observed for buffers which had at least one 
fast food or restaurant outlet.   

Higher classification of self reported hours walked was associated with 
participants in buffers which had at least one fast food or restaurant outlet.   

A lower likelihood of achieving 15 minutes or more of physical activity and a 
lower physical activity index classification were also associated with buffers 
containing fast food outlets or restaurants.   

PRESENCE OF PARKS WITHIN 1KM BUFFER 
Higher numbers of total trips, active mode trips (at 10% level of significance) 
and higher active mode splits were associated with buffers which had at 
least one park vs. those that did not.   

No effect was detected on BMI or energy expenditure.   

Presence of parks in the buffer was positively associated with self reported 
walking and likelihood of achieving 15 minutes or more of physical activity 
(at 10% level of significance). 

Some of the results presented above were contrary to expectations based on 
prior research. In Phase II, with the inclusion of Toronto data, these results, 
and all the other results too, will be re-evaluated as part of a data set which 
includes more diverse urban form and a larger set of outcome data. 

4E.  Observations 
These results should be viewed only as a first, and limited, step in 
understanding the data and the relationships between the built 
environment and health / travel outcomes.  Chi Squares and One-Way 
ANOVA tests are designed to look for statistically significant (i.e., non-zero) 
differences in an outcome variable based on one (or at best, two) 
classification variables.  They are unable to control for other independent 
factors which might be co-linear or confounded with the built environment 
variables.   

Some of the findings presented above are counterintuitive or directly 
contrary to the results of previous research.  It is possible that in some 
cases the built environment variables are in fact correlated/confounded 
with other explanatory factors, leading to unexpected results.  For example, 
the finding that higher walkability index scores and higher prevalence of 
sidewalks is positively associated with obesity could be due to an 
intervening or moderating variable for which we have not been able to 
account.  For example, if high sidewalk connectivity and high walkability 
were correlated with postal codes in sections of the Peel region whose 
population demographics (e.g. income, ethnicity)  were systematically 
associated with the presence of obesity, or some other more pressing 
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predictive factor, then the sidewalk connectivity and walkability index 
values could be standing in for those predictive factors.  The end result 
would be a misinterpretation of the relationship between built environment 
and obesity. 

Ideally, we would like to control simultaneously for all potential intervening 
factors, netting out the effect of each built environment element on each 
outcome (e.g. obesity, energy expenditure).  Regression models (both OLS 
and discrete outcome) are well suited to providing exactly that type of 
methodological control.  With an expanded regional dataset that includes 
Toronto, we will address these issues by using regression models in Phase II 
of this work. 

The inclusion of the Toronto data, with its expected higher levels of 
development (e.g. higher values for residential and intersection densities, 
and mixed use), will expand the applicability of the results and models. If 
the results and models were built only from the Peel data set then the types 
of development proposals which could be reviewed would be limited to the 
range currently found in Peel for which sufficient data are present.  

Data from Toronto were not made available within the required time frame 
to be included in this first phase of the study.  The inclusion of Toronto data 
in Phase II will build upon this initial work. We will use data from both 
regions to develop statistical models for Peel that will 1) describe the 
relationship between built environment and transport / health outcomes, 
while controlling for social and demographic factors and 2) could be 
programmed into a scenario planning model.   

The next section describes existing scenario planning models and 
recommends the one to be used in Peel. 



 

5. MODEL RECOMMENDATIONS 

5A.  Recommendations for a Modeling Tool  
Results from the expert panel, literature review, and data development and 
analysis support the creation of a tool to evaluate health impacts of 
secondary and block level plans in the region of Peel.  Our review of existing 
tools and assessment of the costs of developing a new tool resulted in the 
recommendation to build upon an established modeling platform known as 
I-PLACE3S which is designed to evaluate travel related impacts of potential 
planning decisions.   

In urban planning, the practice of scenario planning is common, where 
potential impacts of different policy scenarios are estimated quantitatively 
using a forecasting model.  For instance, a scenario may be created that 
compares the impacts of a development proposal, zoning change or new 
transit line to the existing conditions.  The results of the scenario analysis 
are estimated on traditional planning outcomes such as transportation 
mode share, average commute time, distance traveled, population, 
residential density, and employment.  By incorporating coefficients that link 
land use characteristics to public health outcomes, it is possible to 
incorporate those public health outcomes into an already-existing tool.   

For the urban planners and elected officials who make decisions about land 
use and transportation, public health is just one topic within an even 
broader array of benefits, drawbacks and trade-offs that must be weighed in 
order to adequately and strategically inform decisions.  Creating one model 
that can estimate outcomes related to both urban planning and public 
health streamlines the analytical process, reduces demands on staff and 
resources, and creates a common methodology that can be used by both 
planners and health practitioners.  Additionally, using an already 
established modeling platform allows us to build on an existing user 
interface instead of creating one from scratch.  

5B.  Overview of Available Models 
In the planning field, a few tools and models exist that can quantitatively 
evaluate the impact of land development alternatives.  For Peel, it is 
necessary that the model be able to evaluate alternatives at a relatively 
small scale – the block plan level (roughly a neighborhood).  Additionally, 
the model needs to be flexible enough to incorporate land use measures and 
associated health outcomes that match research results and methods.  The 
following models meet these basic criteria:   

INDEX is a proprietary GIS-based add-on developed by Criterion, Inc. – an 
ArcMap extension that works with ArcView, ArcEditor, or ArcInfo.  It is 
designed for land-use and transportation scenario creation, evaluation, and 
ranking.  INDEX can be used in public workshop settings, contains a 
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comprehensive set of indicators, integrated multi-modal travel networks, 
and can rank multiple scenarios.  Neighbourhood and regional scale 
versions of INDEX are available. 

Community Viz is also a proprietary ArcGIS extension that can calculate 
the economic, environmental and social impacts of geographic decisions in 
real time, and communicate the results of those impacts to decision makers. 
CommunityViz can create 3D scenes, maps and reports, charts, graphs, and 
interactive scenarios.  CommunityViz was originally developed by the 
nonprofit Orton Family Foundation and is now owned and administrated by 
a private company, Placeways LLC.   

I-PLACE3S is a public-sector developed, web-based modeling platform for 
scenario planning.  It can evaluate how alternative development approaches 
may impact a number of indicators, including transportation patterns, 
energy usage, cost efficiency, and climate change.  I-PLACE3S analysis is 
conducted through a web-based map display.  This strong visual component 
and interactivity supports scenario development and testing by non-
technical users in settings such as public workshops, as well as in more 
technical settings.   

I-PLACE3S was developed by the California Energy Commission (CEC), the 
California Department of Transportation and the U.S. Department of 
Energy.  The current version, I-PLACE3S, builds on the desktop computer 
based PLACE3S model, which was initially developed in the early 1990s.  
Programming, maintenance and web hosting for I-PLACE3S is provided by a 
private company, although still overseen by the public agencies that use the 
program.   

We have reviewed available literature and documentation for each of the 
above models and discussed them with model developers.  Table 12 on the 
following page summarizes the key characteristics of the three model 
platforms.   
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Table 12.  Model Comparison 
 

 I-PLACE3S INDEX CommunityViz Comments 
Ownership Public Private Private \ Non profit   
Software 
requirements for 
use 

Web browser 
(internet based) 

ESRI ArcMap 9.2 ESRI ArcMap 9.2 GIS skills 
required to set 
up base data & 
scenarios in I-
PLACE3S 

Costs to user I-PLACE3S 
software is free.  
Must purchase 
server access 
(cost depends on 
database size & 
usage 
requirements) 

Must purchase 
software 
(standard version 
$1900) 

Must purchase 
software (basic 
“pro” software 
package + support 
$750) 

 

Data resolution Parcel Grid cell Grid cell  
Public Workshop 
Capability 

Can adjust 
scenarios & get 
results in “real 
time” 

Can build 
scenarios in real 
time but can not 
output results as 
readily 

  

Scale of analysis Neighborhood to 
region 

Neighborhood to 
region 

Neighborhood to 
region 

 

Data quality / 
administration 

One dataset on  
remote server 
creates data 
consistency; 
internet-based 
structure 
automatically 
saves all 
scenarios created 

User dependent. 
Personal PC based 
data storage and 
use of software. 

User dependent. 
Personal PC based 
data storage and 
use of software. 

 

Potential for 
Customization / 
Flexibility  

Designed to be 
modular - can add 
indicators, land 
use measures, 
interface 
components, 
functionality.  

Some ability to 
customize – can 
add indicators, 
some land use 
measures 

Some ability to 
customize – can 
add indicators 

I-PLACE3S is 
web-based, so 
new 
programming is 
available to all 
users (no 
update fees or 
downloads). 

Demographics  Parcel level 
household 
demographic 
characteristics  

Raw population 
and employment 
totals only 

Raw population and 
employment totals 
only 

 

Other features Able to interface 
with regional 
travel model 

Able to interface 
with regional 
travel model 

Able to interface 
with regional travel 
model 
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5C.  Recommended Model Framework 
Based on other ongoing work, our understanding of Peel’s needs, and the 
data available, we recommend using the I-PLACE3S model 
(www.places.energy.ca.gov) as the software platform upon which to build.  
Currently, the research team is incorporating health outcomes into I-
PLACE3S for the HealthScape project in King County, Washington (Seattle 
region), a project very similar to this one.  For Peel, one primary advantage 
of using I-PLACE3S is the large amount of investment that could be 
leveraged in I-PLACE3S programming and methodology development, which 
was considerable.  However, the research team’s opinion is that the public 
nature, web-based structure, and flexibility of I-PLACE3S makes it a 
superior choice, regardless of the logistical/financial advantages associated 
with leveraging the King County I-PLACE3S work.  Using I-PLACE3S will 
combine the state of the art in integrated land 
use and transportation modeling with 
objective, detailed and rigorous research 
methods.   

The web-based nature of I-PLACE3S provides 
a number of clear benefits.  Because no 
specialized software is necessary, once the 
base data are in place I-PLACE3S can be used 
by anyone with a web browser; however, to 
set up base data does require a working 
knowledge of GIS software.  INDEX and 
CommunityViz both require the user to have 
GIS software on their desktop to operate the 
tool.  Particularly for public health staff, who 
may not be trained in or have access to a GIS 
platform, this feature will allow more in-depth 
participation and insights into the planning 
process.   

A web-based structure is by nature extremely 
robust and gives I-PLACE3S the ability to 
generate results ‘on the fly’, even in the case 
of very large land use datasets (over 750,000 parcel records).  The web-
based interface also means I-PLACE3S users can test a nearly limitless 
range of scenarios quickly, make minor adjustments as they go along and 
get instant feedback, and adjust and test scenarios in public workshop 
settings.  Because all data are stored on a secure server, scenario testing is 
streamlined among many users.  Users access and test from a single 
dataset, resolving potential problems with data loss, data consistency, and 
data security that might arise with desktop software.  From an 
administrative perspective, because I-PLACE3S is accessed through a 

I-PLACE3S INDICATORS 
Employees 
Dwelling units 
Population 
Water consumption  
Jobs by sector  
Vehicle trips per household 
Vehicle miles traveled per 
household 
Transit ridership  
Pedestrian friendliness  
Pedestrian and bike trips   
Electricity / natural gas / 
gasoline demand 
Return on Investment 

 
Indicators can be calculated at 
the region, city or 
neighborhood level, or any 
other defined geography or 
subarea.   
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server, there is only one dataset to maintain and update, and access can be 
secured to maintain quality control.   

Although INDEX and CommunityViz could both potentially incorporate 
health outcomes into their structure, I-PLACE3S has an extremely flexible, 
modular structure.  Because I-PLACE3S is the public domain, this further 
increases its flexibility and broadens its potential utility.  It can be expanded 
by adding new or updated modules and can be customized to meet the 
needs of individual agencies.  Any new functionality added by any one 
agency is made available for use or customization for all users, thus 
enabling synergy and cost savings between users.  I-PLACE3S also has a key 
methodological advantage:  the ability to precisely replicate the research 
upon which the health outcomes are based.  Because it is parcel based, 
rather than grid cell based, I-PLACE3S can measure land use patterns in 
exactly the same way that the research team did, and can incorporate 
detailed demographic information (such as income, age and employment 
status) crucial to public health analysis.   

There are also strategic advantages to building upon the I-PLACE3S model 
platform.  In California, legislation is now in place that requires the state to 
reduce greenhouse gas emissions, and ties regional and local land use 
planning to those statewide goals.  These requirements mean that the state 
will be heading toward standardization in regional modeling.  Because it is 
the state of the art, because it was primarily developed in California, and 
because it was part of the modeling work supporting the above legislation, I-
PLACE3S is expected to become a standard for California’s regions and local 
governments within about 2 - 4 years.  This means Peel can take advantage 
of an expanding network of users and improvements in the near future.    

 

 59 



 
Figure 18.  Sample I-PLACE3S Map Interface. 

  I-PLACES uses parcel level land use data for integrated, rapid analysis at county, regional, or neighborhood scale.  

 
Additionally, as mentioned above, the King County project has laid the 
groundwork for Peel in two primary respects:   

An extended working relationship with I-PLACE3S users and developers.  
Extensive discussion has been necessary throughout the King County 
project to develop the most robust methodology and interface, given I-
PLACE3S’ technical requirements.  Working through the I-PLACE3S 
development, timing and process has given the research team and our 
project partners (the Sacramento Area Council of Governments and the 
California Energy Commission) a good understanding of each others’ work 
and how it fits together.  CEC and SACOG have supported this work from 
the outset, and are committed to the future expansion of health modules in 
I-PLACE3S.   
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Case Study:   
Sacramento Region Blueprint 

 

In 2003, the Sacramento Area Council of 
Governments (SACOG) launched a region wide 
growth analysis called Blueprint.  The award-
winning Blueprint project has been a 
resounding success in helping planners and 
citizens in the six county Sacramento region 
make informed land use choices for future 
growth.   

I-PLACE3S was used to determine how 
different regional growth alternatives would 
affect the transportation system, air quality, 
housing, natural resource protection, and 
many other issues. The Blueprint project 
required a high-performance, robust, planning 
analysis tool capable of integrated planning 
analysis.  I-PLACE3S was also successful in 
helping SACOG work effectively with the cities 
and counties of the region, elected officials, 
and the public.  The real value of I-PLACE3S is 
that all the participants were working off a 
single common data set and all participants 
gained immediate feedback to easily view the 
ramifications of their own ideas for improving 
each regional, county, city or neighborhood 
level growth scenario.  I-PLACE3S analysis 
helped avoid “dumbing down” the data to 
summary aggregations, while still providing 
results in real time.   

Based on the I-PLACE3S scenario analysis, the 
SACOG Board of Directors adopted a regional 
vision for 2050 that “promotes compact, 
mixed-use development and more transit 
choices as an alternative to low density 
development.”   Since the adoption of the 
Blueprint vision, a number of the region’s 
counties and jurisdictions have been 
implementing the principles of the vision in 
their planning and development processes. 

The preliminary development of 
the programming / methodology 
necessary to expand I-PLACE3S.  
In order to expand I-PLACE3S, a 
number of key improvements to 
its functionality have been 
necessary.  The future addition of 
Peel region research results will 
be significantly streamlined by 
the programming, testing and 
troubleshooting that has 
occurred to date. 
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5D.  Operating I-PLACE3S 
This section will provide a general overview of how I-PLACE3S works, how to 
set up and run an I-PLACE3S project, and will also give some guidance 
about skills and time needed in each step.  An online tutorial of the basic I-
PLACE3S functions is also available at www.places.energy.ca.gov/places 
(click link for online demo/tutorial; no login necessary).   

In general, staff can be trained to use I-PLACE3S in a couple of days, 
depending on their level of technical expertise.  The very basic I-PLACE3S 
functions (comparing outcomes, applying Place Types) can be performed 
with little to no training, and no specialized skills are needed.  It is 
recommended, however, that planning staff lead some parts of the I-
PLACE3S analysis, particularly the data setup – although Public Health 
staff with GIS skills may also be capable of performing these functions.   

In I-PLACE3S, each analysis is known as a ‘project.’  Creating scenarios for 
a project and running I-PLACE3S involves the following steps, each of which 
is discussed further in the sections that follow: 

1. Data preparation 

2. Define Place Types   

3. Define a project and alternative scenarios 

4. Apply Place Types to scenarios 

5. Compare outcomes 

1.  DATA PREPARATION  
When beginning a project, the user prepares and uploads a GIS parcel 
shapefile into I-PLACE3S that contains the parcel-level attributes for the 
study area, such as employment yield, demographics, number of dwelling 
units, whether a parcel is developed or vacant, and the TAZ (traffic analysis 
zone) within which that parcel is located.  This file represents the ‘base case’ 
scenario.  Other scenarios can then be built from this foundation of parcel 
data.  
Zoning designations 

Existing conditions:  Dwelling units, land uses, employees 

Growth forecast:  Housing units, employees 

Vacant / developed parcels 

Parcel data  

Demographic data 

Environmental Constraints (optional) 

62 

http://www.places.energy.ca.gov/places


 

Subarea shapefiles for reporting and analysis (optional) 

Parcel data.  Typically, a parcel file is used for zoning designations, dwelling 
units, and land uses, as well as geospatial attributes such as parcel size 
and boundaries. Sometimes parcel information will indicate whether or not 
a parcel is developed; it may be necessary to check this information for 
accuracy, and in the case of small study areas, confirm that vacancy 
information matches the reality on the ground.  The number of employees 
on commercial parcels can be estimated using a number of sources:  
commercially available data, parcel data, regional estimates, or other local 
data.  Each of these data sources has their own drawbacks, and it will be 
necessary for to determine which data source best matches the needs of the 
particular project.  Environmental constraints and subarea shapefiles are 
optional for public health analysis, but can provide utility for planning 
studies.  Both of those will entail uploading new data layers or adding data 
fields to the analysis.   

In Brampton greenfield development will likely make up the bulk of plans on 
which Peel Public Health will comment.  Unlike in Mississauga where new 
development is more “in-fill” in nature, these locations will have relatively 
little existing employment, and housing unit and demographic data will 
likely not exist (or may only contain very small numbers) for the area in 
question.  Therefore, comparisons between a Block Plan proposal and actual 
existing conditions on a greenfield site could show a large amount of change 
especially if the base population data has a very low population.  Because of 
this it will be more useful to create the ‘base case’ scenario based on the 
Official Plan. Dwelling unit / employee targets contained in the Official Plan 
can be used, alongside or in conjunction with other population projections.   

Demographic Data.  Demographics will also need to be included in the 
parcel file.  In the case of demographics, it will also be necessary to 
determine which source of demographic data to use.  The demographics 
available and the scale at which they are applied will depend on the data 
sources available and the scale of analysis (i.e. person, household, census 
zone, or traffic done).   

 
Buffers.  The parcel file will need to include not only the parcels within the 
actual case study area, but all of the parcels within a chosen threshold (e.g. 
one kilometer) of the study area.  These “contextual” neighbouring parcels 
are necessary so that I-PLACE3S can measure land use patterns within a 
specified buffered area around each study area parcel, matching the 
research methods used in the analysis.  

Because the new I-PLACE3S module measures land use patterns within the 
one kilometer buffer for each parcel in the study area, it is also necessary to 
provide a relational data table telling I-PLACE3S which parcel is in the 1 km 
buffer, for every parcel in the study area.  This can be generated in GIS.     
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Skills /Time Needed.  It is best to have someone familiar with GIS analysis 
and the data sources listed above to complete the I-PLACE3S data 
preparation and setup.  This will make the process go much faster, and a 
planner or GIS technician will have a better idea of which data sources to 
draw from.  If – as is the case in Peel - fast analysis of small study areas is 
desired, the most efficient way to do this may be to prepare a base parcel file 
for the whole region.  Subsets of this master file can then be pulled into I-
PLACE3S for Public Health staff to use in development review.  

2.  DEFINE PLACE TYPES 
In I-PLACE3S, ‘Place Types’ are the land uses (e.g. high-rise office, medium-
density single family, mid-rise mixed use) that are applied to each scenario.  
Place Types can be existing land uses, or land uses that do not yet exist or 
are not currently permitted by code.  A list of Place Types is typically defined 
at the beginning of the project (but can be changed or added to at any time), 
and include assumptions such as mix of land uses, parking ratio, square 
footage of units, and setbacks.  These Place Type assumptions are the 
foundation of many of the I-PLACE3S calculations, and can be created to 
work at the general (area) or specific (building) level.  It will be possible to 
define the Place Type assumptions based on 1) the information in the land 
use code and 2) the information contained in a Secondary or Block Plan 
proposal.   

New Place Types can be added at any point in a project, and can be added 
by simply copying and tweaking existing Place Types.  Changing a Place 
Type will change it for all scenarios in which it is used, so if in doubt it is 
better to create a new one.   

Skills / Time Needed.  It is also preferable to have someone who is familiar 
with land development and zoning in the area to develop, assist or review 
the list of Place Types; otherwise correctly filling in the assumptions can be 
a time-consuming process to find “from scratch.”  Because Place Types can 
be copied from one project to another, again, it may be worth creating a 
single exhaustive set of Place Types which can then be used or tweaked for 
multiple projects.   
3.  DEFINE A PROJECT AND ALTERNATIVE SCENARIOS 
Before starting the project, think about the scope of the analysis and the 
number of scenarios to be analyzed.  Typically, for development review, only 
2 scenarios will be necessary to start:  the “base case” (existing conditions, 
or the Official Plan targets/land uses) and the proposed development.  
However, in I-PLACE3S, new scenarios can be created, and existing 
scenarios can be changed, at any point in the analysis.  This function will 
certainly be useful if a proposal does not perform adequately – additional 
scenarios can be used to create a more optimal alternative to what is being 
proposed.   
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It will also be important to confirm that the land uses in the proposal line 
up with the list of existing Place Types (typically, the input needed for Place 
Type assumptions synchs up with the standard information provided in a 
development application).  If there is not a match between what is being 
proposed and existing Place Types, it will be necessary to create new ones.   
 
Skills/Time Needed.  In the beginning of a project, it may help for Public 
Health staff to coordinate with planning staff to make sure they understand 
what is being proposed and to make sure the scenarios are being defined 
correctly.   
 
4.  APPLY PLACE TYPES 
Place Types will need to be applied to parcels in I-PLACE3S to create the 
base case and alternative scenarios.  This can be done by using the I-
PLACE3S map interface, the query function, or the initial parcel file (more 
detail on how these functions work can be found in the I-PLACE3S tutorial 
/ User Guide).  Place Types will need to be applied to both the study area 
parcels and the “contextual” parcels (the buffers around the actual study 
area). 
 
Skills/Time Needed.  Provided that the user is familiar with the Place Types 
and the basic I-PLACE3S functions, this part of the process requires no 
specialized skills and can be done with very little training.  The time that it 
takes to apply the Place Types will depend on the size of the study area and 
the method used to apply them.  For a small study area, it may only take an 
hour or two.        
 
5.  COMPARE INDICATORS 
Scenario comparisons are simple and fast in I-PLACE3S.  I-PLACE3S has a 
standard set of planning indicators, such as population, density and 
employment.  For the King County project, a separate Climate and Health 
Indicators menu was added.  For either menu, the comparison involves 
selecting which scenarios to compare, and which indicators to compare.  
Results will show up after a short delay.  Upon reviewing the results, it is 
possible to go back and tweak existing scenarios or create additional 
scenarios to optimize the results, and then run them again.     
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Figure 19.  I-PLACE3S Indicators/Scenario Comparison 
 
5E.  Integrating Research Results into I-PLACE3S 

APPROACH TO STATISTICAL ANALYSIS 
A set of linear regression analyses of built environment, transport, and 
physical activity are necessary to generate the statistical relationships that 
form the basis of a health module in I-PLACE3S.  The regression equations 
that result from the analysis express the amount of  change  in the public 
health (dependent) variables, associated with a change in built environment 
and demographic characteristics (independent variables).  

Depending on the outcome to be modeled, a variety of different models may 
be appropriate.  For example, Ordinary Least Squares (i.e., the standard 
regression model most often employed in statistical research) works quite 
well for data which are continuously measured with little or no censoring or 
bias in observations (examples include BMI, blood pressure, population 
proportions, vehicle or walking distance, etc.). However, not all outcomes 
are measured as continuous, unbiased outcomes.  Examples might include 
individual propensity for obesity and/or chronic disease (yes/no); or 
number of asthma/heart attacks per year in a neighborhood; or choice of 
neighborhood type.  These are modeled by specialized mathematical 
distributions (i.e., binary logit, negative binomial/Poisson, and multinomial 
logits, respectively). 

66 



 

The regression equations are applied within the I-PLACE3S program in 
order to estimate how different built environment scenarios might change 
public health.  For each parcel in a study area, I-PLACE3S calculates a 
value for each urban form measure (land use mix, residential density, 
number of parks, etc.), in each scenario being evaluated.  Those values are 
inserted in the formula above, multiplied by the coefficients and summed 
along with a constant to generate an estimate for the outcome variable of 
interest.  In cases where an independent variable does not have statistically 
significant predictive value for a particular outcome, it is held at 0. 

The set of independent variables that can be modeled is, to a small degree, 
constrained by the need to match the land use classifications and 
characteristics used in I-PLACE3S.  This is only the case when calculating 
land use mix, which requires aggregating total amount of different types of 
land uses.   

CHANGES TO I-PLACE3S FUNCTIONALITY 
In addition to the incorporating the analytical results, some enhancements 
have been made to I-PLACE3S’ functionality as part of the King County 
project.  These changes will carry over into the Peel project.   

Buffer-based measurement.  To precisely match the methodology used in 
the research team’s analysis, I-PLACE3S programmers added the ability to 
measure land use patterns within a 1-km network buffer around every 
parcel in a scenario.  The I-PLACE3S user uploads a data file that, for each 
parcel in the analysis, contains a list of all the parcels within that parcel’s 
buffer.  The user then creates the project scenarios as necessary.  When the 
results are viewed, I-PLACE3S calculates each of the buffer-based urban 
form measures “on the fly” based on scenario specifications – for every 
parcel in the analysis.  This contextual, buffer-based approach is a more 
fine-grained and rigorous approach than I-PLACE3S has used in the past, 
and explicitly links land use to transportation-related outcomes.   

 
Demographics.  The incorporation of demographics into I-PLACE3S has 
been another key improvement.  For public health analysis, demographics 
such as age and income typically play a large role in influencing the 
outcome, so the ability to account for demographics is crucially important.  
Although it may not be reasonable to assume demographic changes from 
one scenario to the next, there may be cases where changes in 
demographics should be accounted for – for example, where new senior 
housing is planned.     

The demographics that are used for Peel will depend on data available, and 
can differ from the ones used for previous applications (e.g. King County).   

The following Peel household level demographic variables will likely be 
recommended for incorporation into I-PLACE3S:   
Number of working adults in household  
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Number of Non-working adults in HH  

Number of Children in HH  

HH income under $50K (yes/no) 

HH income over $100K (yes/no) 

HH has fewer cars than adults (yes/no) 

Transit Service.  Another important feature of I-PLACE3S is the ability to 
change relative transit and auto level of service levels.  For each parcel, we 
will propose to use an accessibility variables indicating Distance to the 
nearest transit stop. If data are available it may be possible include 
additional accessibility measures such as transit and auto accessibility to 
employment. 

 

5F.  Development of Checklists with Targets and Ranges 
For single developments or in cases where the time frame is short, we also 
recommend the development of a “checklist” tool to serve as a first screen, 
alongside or in lieu of the more rigorous modeling tool.  A checklist allows 
the rapid evaluation of probable development impacts in a systematic 
fashion, allowing a developer, planner or public health official to identify 
features of a development that should be changed in order to mitigate 
potential negative impacts.  With a checklist, the emphasis is on assessing 
“indicators” - features of the built environment which are associated with 
outcomes in the research.  A checklist assessment can thereby identify 
which features of the proposed development are associated with supporting 
or undermining public health goals, without the need for as much data or 
preparation as a comprehensive analysis with modeling software.   

We recommend that the checklist be evidence-based and provide specific 
targets and ranges (thresholds) for the basic characteristics of development 
which the Region of Peel has already identified in its review process (e.g. 
compact, mixed, pedestrian friendly built environment).  Thresholds could 
be used at the early stages in the Block Plan process to help developers, the 
community and decision makers understand what the expectations are, and 
the features of a project which will perform more highly in a modeling 
analysis.   

Establishing these thresholds can be done in a variety of complimentary 
ways.  As an example, one could begin by using local urban form and health 
outcome data to describe existing conditions .  This could be followed by 
performing a modeling analysis to investigate the marginal change in health 
outcomes associated with changes to urban form that would result from the 
proposed development. One anticipated application of this concept would 
add this type of analysis to a final expanded version of I-PLACE3S, thus 
allowing for the systematic evaluation of public health and transport 
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outcome changes associated with different built environment thresholds.  
Thresholds can also be set using other areas in the region as templates, 
using the descriptive results of this analysis, and by matching those set out 
in other plans (for example, the Places to Grow Growth Plan for the Greater 
Golden Horseshoe sets a minimum gross density threshold for greenfield 
development at 50 combined residents and jobs, per acre)47.   

It is also possible to apply research and evaluation tool results from other 
places. Despite the caveats necessary to consider when applying research 
results from other places such analyses can inform the local evaluation of 
the potential impacts of different urban form. Two examples to consider for 
application in Peel are: 

Chino, CA Physical Activity & Obesity Alternatives Analysis. As 
part of the Chino General Plan development process, the Public 
Health analysis developed a methodology for the application of 
research results that link built environment patterns and public 
health (in particular, walking, physical activity and obesity). 
Researchers led by Lawrence Frank & Company, Inc. applied 
elasticities based on data and results from the SMARTRAQ research 
in Atlanta (led by Dr. Larry Frank).  

San Francisco Pedestrian Injury Model. For use in assessing the 
need for pedestrian safety associated with new development and 
transportation system changes the San Francisco Department of 
Public Health modeled the impact of a number of environmental 
factors on pedestrian injuries at the census tract scale.  Traffic 
volume, proportion of arterial streets, land area, car ownership, 
commuting via walking or public transit and residential population 
were all found to be significant factors.  These model results were 
used to predict the impact of the rezoning on pedestrian safety, using 
planning estimates of increases in population and traffic volume. (San 
Francisco Department of Public Health, 2008.48   

 
In addition to the above qualitative foundations for setting targets it is 
important to recognize the benefits of qualitative assessment methods. A 
qualitative approach can be used in place of or to supplement quantitative 
data.  Qualitative methods, such as surveys, community meetings and focus 
groups are frequently used as a way to define community concerns and set 
the scope of features to be assessed and establish targets.  In this way, they 
also function as a way to engage stakeholders in decision-making.  A 
number of health impact assessment efforts have recognized this, 
particularly those recently developed under the San Francisco Department 
of Public Health.49  Qualitative information can add an important personal 
perspective to a quantitative estimate - as noted by Dannenberg et al. 

                                                
47 Ontario Ministry of Public Infrastructure Renewal (2006).  P. 19, policy no. 2.2.7.2. 
48 More detail available at http://www.sfphes.org/HIA_Tools_Ped_Injury_Model.htm  (2008).  For a 
discussion of this process applied to a study area in Oakland, CA, see Lee, 2005.     
49 See www.sfdph.org/phes 
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(2007), “…residents at a public hearing who highlight the qualitative 
benefits of a new playground for their children may carry more weight in a 
political decision than a precise estimate of how many children will use the 
new playground.  Many of the recommendations from HIAs now based on 
non-quantitative information would be unchanged if there were quantitative 
data available.”         

In addition, qualitative factors such as streetscape and intersection design 
characteristics, landscape elements, and other factors may be best covered 
through a checklist approach, which is flexible enough to incorporate visual 
assessments and diagrams.    

In designing a checklist, the emphasis should be on the existing review 
process and what can be done given timelines for review, desired 
precision/detail of review, staff time and skill sets, and types of data 
available.  An example of an evidence-based checklist tool is the Healthy 
Development Measurement Tool developed by the City of San Francisco 
Department of Public Health. This tool is quite detailed and is summarized 
below:  

The Healthy Development Measurement Tool (HDMT) uses indicators to 
support a systematic Health Impact Assessment of proposed planning 
decisions. The HDMT is currently being used to look at the health impacts 
of land use development policies, plans, and projects.   

The tool includes over 100 health indicators in two categories – Primary 
Indicators, which are quantitative, and Secondary Indicators, which are 
qualitative and complement the Primary Indicators.  Many of these 
indicators include baseline data, and targets that can be incorporated into 
developments or plans.  The HDMT is currently being used to evaluate 
several transportation and neighbourhood plans in the City of San 
Francisco.   

Source:  More information about the HDMT and case studies of HDMT 
applications are available online at: www.TheHDMT.org.   

Typically, a checklist results in a “bottom line” score which indicates 
whether mitigation or changes in the project are necessary, and gives 
guidance to which particular features of a development could or should be 
improved.  A simpler version could just set minimum thresholds for a few 
select built environment features that are deemed crucial.  

http://www.thehdmt.org/


 

6. THE PATH FORWARD:  RECOMMENDATIONS & NEXT 
STEPS 
The next phase of this project will be to complete the development of a 
health impacts model for Peel, based on local data.  We recommend the 
inclusion of health outcomes within I-PLACE3S, which creates a useful tool 
for planners and public health officials alike.  Out of the platforms available, 
we believe I-PLACE3S is the best choice for Peel – it is the most detailed, 
robust and flexible model of its type available, and can be applied to 
evaluate many different types of decisions – from broad, regional or 
municipal level plans, to transportation projects, to its intended purpose – 
Secondary and Block Plan proposals.   

This chapter charts the path forward into the second project phase, in 
addition to summarizing the technical recommendations from this phase.   

Data Recommendations 
Data from Toronto were not available in time to be included in this analysis.  
This greatly limited the variation in urban form and eliminated the ability to 
conduct meaningful statistical analysis as a method to describe the 
relationships between land use, travel behaviour and health.  In the next 
phase of the analysis, Toronto data will be available (we have been provided 
most of it already).  This will create a much broader spectrum of built 
environment, transport and health behaviour and allow the creation of the 
regression models that can be included in I-PLACE3S.  Regression modeling 
will also allow the inclusion of control variables, such as socio-demographic 
factors, a major limitation in the analytical methods presented.   

Additional effort should be directed toward acquiring for this project 
building floor area for all land uses, rather than just for the residential as 
has already been provided. The addition of these data will allow for 
additional important urban form measures to be created including a mixed 
use measure based on the relative ration of building floor area (rather than 
land area) by different uses, and a ratio of retail floor to land area, which 
provides an indication of the verticality of the retail space. 

It may be possible to obtain additional data sources that could be used in 
the analysis and in I-PLACE3S.  These data sources could include travel 
demand model outputs that describe transit accessibility, or pedestrian / 
bicycle crash data.  It is also recommended to further explore the inclusion 
of other outcomes, such as vehicle emission generation and exposure to air 
pollution, using data from other regions if needed.   

It is also recommended that a residential preference survey be done, and 
that it should be integrated with the next region travel survey. Such a 
survey and its integration with a travel survey was done within the 
SMARTRAQ project in Atlanta, Georgia, and led by Dr. Frank. For additional 
information please see Transportation and Land-Use Preferences and Atlanta 
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Residents' Neighborhood Choices  (http://www.act-
trans.ubc.ca/smartraq/files/GRTA_SP_II_A3.pdf).  A residential preference 
survey provides an assessment of the demand for different types of 
development, including those currently not offered (or not offered in 
sufficient quantity). It also provides a better understanding of the 
importance of the many different factors (e.g. distance to work, travel 
options, lot size, proximity of neighbors and non-residential destinations) 
involved in a person’s (family’s) decision on where to live and in what type of 
community.  By integrating the survey with a travel survey people’s reported 
travel and activity behavior and the objectively measured urban form of 
their current neigborhood  can be included in the analysis of residential 
preferences. 

Recommendations for Model Development 
Due to its flexibility, robustness, and ability to leverage a great deal of 
investment, we recommend building on the I-PLACE3S platform to create a 
tool for Peel.  This should be the goal of the project’s second phase.   

This process will involve the following steps: 

1.  Methodology.  The first major task of the project will be to develop a 
methodology that addresses the following major topics and questions, 
including those related to the technical recommendations above: 

Whether and how to use other potential data sources (research results from 
other regions, or data from Toronto/the GTA).  Out of the potential 
additional data sources discussed above, determine which should be 
incorporated into the analysis, and how to do this.  City of Toronto data is 
absolutely necessary, at a minimum.  Since that data is now available to the 
research team, it is assumed that it will be included in the analysis.   

How to address individual and neighborhood socio-demographic factors in I-
PLACE3S, and where data is available, how to treat unique age, income, 
gender, and ethnicity groups. 

Any additional adaptations needed in I-PLACE3S to incorporate outcomes 
beyond physical activity, BMI, health status and air pollution generated. 

Whether and how to address outcomes such as air pollution exposure and 
pedestrian safety, given available data, within the context of I-PLACE3S.   

The specifications and the capabilities of the expanded I-PLACE3S model 
that will result from the statistical modeling and programming phase of the 
project. 

2.  Additional Data Collection & Development.  It will be necessary to 
determine early on which, if any, additional data sources to pursue and 
develop as part of the second project phase.   
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3.  Analysis.  The other major task of the project will be performing the 
regression analysis that will be used to support I-PLACE3S once an 
expanded dataset is complete.  The regression analysis will identify: 

For each outcome, the set of built environment and demographic factors 
that significantly impact that outcome (and will ultimately be included in I-
PLACE3S) 

For each outcome, the specific change (coefficient) that results based on the 
change in each built environment (independent) variable.  

The regression analysis will also, importantly, simply inform the nature and 
strength of built environment – public health relationships in the region.  
The results of the analysis can be used to inform and set policy, outside 
their primary function in I-PLACE3S.   

4.  Programming.  Incorporate model results into I-PLACE3S.  These steps 
have been discussed, in general, in Chapter 5.   

5.  Case Study Testing.  To validate the new version of the I-PLACE3S 
model, we recommend using a case study approach.  The case study will 
help to calibrate the new version of I-PLACE3S, test its usability in actual 
settings, troubleshoot the programming code, and build a knowledgeable 
user base.  In cooperation with Peel staff, we will select a case study area 
that highlights a real-world planning decision.  The case study should be a 
Block Plan or Secondary Plan, in order to best match it to the way I-
PLACE3S will actually be used in practice, and ideally will be at a stage 
where the results may be able to impact the decision being made.   

An important outcome of the testing process will be to identify where 
changes and modifications are required to increase I-PLACE3S’ usability.  
Therefore, we recommend that the testing process take place in close 
consultation with Peel Public Health and planning staff, in order to 
document user reactions and perspectives on the application of I-PLACE3S 
and ideas for how to improve it further.   This testing will take place in 
cooperation with SACOG (the Sacramento Council of Governments) and 
Eco-Interactive, the I-PLACE3S programmer.   

6.  Training and user documentation.  In partnership with SACOG and Eco-
Interactive, we will supplement the existing I-PLACE3S documentation for 
Peel and develop and conduct a training session for Peel staff.  The nature 
and extent of the training will be determined in consultation with Peel, and 
could include staff from the municipalities in the region or others as 
determined.    
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7.  Checklist development.  We also recommend the development of a 
checklist that can be used as a first screen, or in cases where time 
frame is short or the scope of analysis is limited.  The checklist 
should be evidence-based, and designed to give a simple, fast 
assessment of how a proposal might impact public health outcomes. 
To support the development of this checklist the next phase should 
include a task to develop and/or compile thresholds (targets and 
ranges) for various urban form measures (e.g residential density, 
street connectivity, park land, and transit service) associated with 
desired levels physical activity and health outcomes. By using existing 
standards, local data, results from other regions and other sources it 
is possible to provide insight on how different levels and types of 
urban development are associated with what magnitude and direction 
of change of desired outcomes.   
   

At the conclusion of this second phase, we envision the following products 
and results: 

• A version of I-PLACE3S that includes public health outcomes, is built 
on Peel / GTA region data, and calibrated for use in the Region; 

• A core I-PLACE3S user group of Peel staff who are familiar with the 
use of the tool and capable of using it to conduct analysis; 

• Results from the testing of I-PLACE3S in a case study area;  

• Results from the analysis of built environment and public health in 
the GTA region; and  

• A checklist, containing urban form targets and ranges, that can be 
used for screening or quick review. 

Recommendations for Supportive Policy Development 
In addition to the data and tool development tasks described above for 
Phase II it is recommended that Peel continue to implement development 
policies which are supportive of physical activity and health.  The policies 
areas recommended for consideration include: 

1.  Prioritize social inclusion and affordability.   
2.  Encourage close-in, infill and brownfield development.   
3.  Limit greenfield development.   
4.  Encourage compact, mixed-use development.  
5.  Encourage healthy food sources in close-in and low-income  

areas.  
6.  Invest in parks, trails and other recreational facilities.   
7.  Invest aggressively in pedestrian, bicycle and transit  

infrastructure.   
8.  Coordinate development with existing or planned transit.  
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9.  Avoid locating sensitive land uses near sources of air pollution  
or noise.   

 

Peel’s desire for health-supportive decision making comes at a key point in 
the region’s development, dovetailing with the recent adoption of a visionary 
plan to guide growth in the province - the Growth Plan for the Greater 
Golden Horseshoe.  This plan sets targets, policies and directs major growth 
to contain sprawl and support active, healthy communities.  I-PLACE3S can 
play a key role in the implementation of the Greater Golden Horseshoe Plan, 
particularly within the context of Peel’s Secondary/Block Planning 
processes.   

The I-PLACE3S tool can, if desired, also be used for larger-scale planning 
analyses – at the regional or municipal level.  Although the broad planning 
goals for public health, agricultural preservation, and environmental 
sustainability call for the same basic strategy - creating a compact, walkable 
built form - optimizing all of these goals (as well as others) in 
implementation will be complex.  The region may, for this reason, want to 
think strategically about expanding I-PLACE3S’ role into these larger scale 
efforts.   

Peel’s efforts to integrate health goals into the practice of planning decisions 
are framed within the practice of Environmental Assessment (EA) and 
Health Impact Assessment in Canada.  Environmental Assessment has been 
practiced in Canada since the 1970s, and became mandated in 1995 as part 
of the Canadian Environmental Assessment Act.  Human health has always 
been a part of EA, and has been explicitly recognized as a part of EA in 
federal and provincial legislation.   

Now, Peel has institutionalized the relationship between health, 
environmental and impact assessment, and decision making within its own 
boundaries.  This is an important step, as it is the small decisions made at 
the implementation level that will have an impact in the aggregate.  With a 
projected population increase of 400,000 additional residents by 2031 
(about a third of the current population), there is significant opportunity to 
ensure that new development in Peel supports active living.  Furthermore, 
the choice to guide those decisions via not only evidence, but local evidence, 
will make a clear connection between research and what is happening on 
the ground, creating the strongest argument for a built form that supports 
an active, healthy Peel region.   
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Appendix A: Peel Region Urban Form Maps 
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Appendix B. One Way ANOVAs and Independent Samples T-Test for Overall Trip 
Making, Trips by Active Modes, and Active Mode Splits in Peel Postal Codes 
Sampled in Transportation Tomorrow Survey 

n Avg n Avg n Avg

1st Quintile 626 9.7875 1st Quintile 626 0.2077 1st Quintile 625 0.0254
2nd Quintile 1468 11.3862 2nd Quintile 1468 0.4823 2nd Quintile 1465 0.0536
3rd Quintile 3700 12.4616 3rd Quintile 3700 0.6089 3rd Quintile 3693 0.0615
4th Quintile 1891 12.7959 4th Quintile 1891 0.7382 4th Quintile 1889 0.0791
5th Quintile 1349 16.1564 5th Quintile 1349 1.0793 5th Quintile 1339 0.0886

Total 9034 12.7233 Total 9034 0.6578 Total 9011 0.0654
F‐Test (and Significance) 56.369 (<.001) F‐Test (and Significance) 51.625 (<.001) F‐Test (and Significance) 15.236 (<.001)

n Avg n Avg n Avg

1st Quintile 348 10.5316 1st Quintile 348 0.2443 1st Quintile 348 0.0232
2nd Quintile 2354 14.5289 2nd Quintile 2354 0.8254 2nd Quintile 2346 0.0709
3rd Quintile 4896 12.1056 3rd Quintile 4896 0.6211 3rd Quintile 4884 0.0664
4th Quintile 1205 12.2523 4th Quintile 1205 0.6041 4th Quintile 1202 0.0655
5th Quintile 233 13.0987 5th Quintile 233 0.6266 5th Quintile 233 0.0509

Total 9036 12.7214 Total 9036 0.6577 Total 9013 0.0654
F‐Test (and Significance) 26.494 (<.001) F‐Test (and Significance) 15.965 (<.001) F‐Test (and Significance) 4.838 (.001)

n Avg n Avg n Avg

1st Quintile 1632 11.5815 1st Quintile 1632 0.3897 1st Quintile 1631 0.0365
2nd Quintile 2531 12.5192 2nd Quintile 2531 0.5654 2nd Quintile 2528 0.0604
3rd Quintile 2888 11.9986 3rd Quintile 2888 0.6482 3rd Quintile 2879 0.0731
4th Quintile 1749 14.6947 4th Quintile 1749 1.0154 4th Quintile 1743 0.0871
5th Quintile 234 17.1239 5th Quintile 234 0.9744 5th Quintile 230 0.0659

Total 9034 12.7238 Total 9034 0.6578 Total 9011 0.0654
F‐Test (and Significance) 34.823 (<.001) F‐Test (and Significance) 45.967 (<.001) F‐Test (and Significance) 15.748 (<.001)

Notes:  Number of Active Trips are rises significantly 
between 1st and 2nd, 3rd, 4th and 5th Quintiles; 
also between 2nd and 4th and 3rd and 4th 
Quintiles, even when accounting for unequal 
variances/sample sizes (Levene Test = 117.665 df(4, 
9029), p<.001)

Notes:  Active Mode Splits monotonically increase 
significantly between 1st and 2nd, 3rd, and 4th 
Quintiles; also between 2nd and 4th Quintiles, even 
when accounting for unequal variances/sample 
sizes (Levene Test = 35.014 df(4, 9006), p<.001)

Intersection Density within 
1km Buffer

Mixed Use Index Mixed Use Index

Total Trips

Total Trips

LFC Residential Density 
Measure

LFC Residential Density 
Measure

LFC Residential Density 
Measure

Notes:  Number of Total Trips monotonically 
increase significantly in all cases except between 
3rd and 4th Quintiles, even when accounting for 
unequal variances/sample sizes (Levene Test = 
105.730 df(4, 9029), p<.001)

Notes:  Number of Active Trips monotonically 
increases, though 2nd vs. 3rd and 3rd vs. 4th 
Quintile not significantly different after accounting 
for unequal variances/sample sizes (Levene Test = 
136.355 df(4, 9029), p<.001

Total Trips

Mixed Use Index

Active Mode Split

Active Mode Split

Active Mode Trips

Active Mode Trips

Notes:  Active Mode Split monotonically increases, 
though 2nd vs. 3rd and 3rd vs. 4th Quintile not 
significantly different after accounting for unequal 
variances/sample sizes (Levene Test = 31.264 df(4, 
9006), p<.001

Notes:  Number of Total Trips are significantly 
lower in 1st, 3rd and 4th Quintiles vs. 2nd Quintile, 
but insignificant elsewhere, after accounting for 
unequal variances/sample sizes (Levene Test = 
46.045 df(4, 9031), p<.001)

Notes:  Number of Active Mode Trips are 
significantly higher in 2nd Quintile vs. 1st, 3rd and 
4th Quintiles; higher in 4th vs. 1st and 2nd 
Quintiles; and higher in 5th vs. 1st Quintile, even 
accounting for unequal variances/sample sizes 
(Levene Test = 48.711 df(4, 9031), p<.001)

Notes:  Active Mode Splits are significantly higher in 
all categories vs. 1st Quintile, but nowhere else, 
after accounting for unequal variances/sample sizes 
(Levene Test = 12.640 df(4, 9008), p<.001)

Active Mode Split

Notes:  Number of Total Trips are significantly 
lower in 1st, 2nd, and 3rd Quintiles vs.  4th and 5th 
Quintiles, even when accounting for unequal 
variances/sample sizes (Levene Test = 91.995 df(4, 
9029), p<.001)

Intersection Density within 
1km Buffer

Intersection Density within 
1km Buffer

Active Mode Trips

 



 

n Avg n Avg n Avg

1st Quintile 1194 11.0184 1st Quintile 1194 0.3417 1st Quintile 1193 0.0349
2nd Quintile 7441 12.6968 2nd Quintile 7441 0.6896 2nd Quintile 7422 0.0704
3rd Quintile 380 17.7368 3rd Quintile 380 0.9868 3rd Quintile 377 0.0653
4th Quintile 18 31.5 4th Quintile 18 1.6111 4th Quintile 18 0.0454
5th Quintile NA NA 5th Quintile NA NA 5th Quintile NA NA

Total 9033 12.7245 Total 9033 0.6579 Total 9010 0.0654
F‐Test (and Significance) 59.921 (<.001) F‐Test (and Significance) 28.931 (<.001) F‐Test (and Significance) 11.264 (<.001)

n Avg n Avg n Avg

1st Quintile 6198 12.9288 1st Quintile 6198 0.6615 1st Quintile 6182 0.0635
2nd Quintile 1342 12.1513 2nd Quintile 1342 0.5931 2nd Quintile 1338 0.063
3rd Quintile 1103 12.349 3rd Quintile 1103 0.7063 3rd Quintile 1102 0.0813
4th Quintile 346 12.0954 4th Quintile 346 0.6734 4th Quintile 344 0.0605
5th Quintile 47 15 5th Quintile 47 0.7447 5th Quintile 47 0.0495

Total 9036 12.7214 Total 9036 0.6577 Total 9013 0.0654
F‐Test (and Significance) 2.813 (.024) F‐Test (and Significance) 1.018 (.396) F‐Test (and Significance) 2.141 (.073)
Notes: Notes: Notes:

Walkability Index Walkability Index Walkability Index

Total Trips Active Mode Split

Notes:  Number of Total Trips monotonically 
increase significantly between 1st, 2nd, and 3rd 
Quintiles, even when accounting for unequal 
variances/sample sizes (Levene Test = 103.21 
df(3, 9029), p<.001)

Notes:  Number of Active Trips rises 
significantly between 1st vs. 2nd and 1st vs. 3rd 
Quintiles, even when accounting for unequal 
variances/sample sizes (Levene Test = 74.305 
df(3, 9029), p<.001)

Active Mode Trips

Active Mode Trips

Notes:  Active Mode Splits are higher between 
1st and 2nd Quintiles, even when accounting 
for unequal variances/sample sizes (Levene 
Test = 27.119 df(3, 9006), p<.001)

Total Trips Active Mode Split
Sidewalk Kms within 1km 
Buffer

Sidewalk Kms within 1km 
Buffer

Sidewalk Kms within 1km 
Buffer
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n Avg n Avg n Avg

1st Quintile 4192 12.2913 1st Quintile 4192 0.5384 1st Quintile 4178 0.0543
2nd Quintile 3493 12.8652 2nd Quintile 3493 0.7486 2nd Quintile 3486 0.0776
3rd Quintile 610 14.9721 3rd Quintile 610 1.0475 3rd Quintile 609 0.0857
4th Quintile 134 24.0746 4th Quintile 134 1.7612 4th Quintile 133 0.118
5th Quintile 17 29.8824 5th Quintile 17 1.5294 5th Quintile 17 0.0699

Total 8446 12.9446 Total 8446 0.6835 Total 8423 0.0672
F‐Test (and Significance) 58.348 (<.001) F‐Test (and Significance) 40.299 (<.001) F‐Test (and Significance) 10.393 (<.001)

n Avg n Avg n Avg

No  3039 12.0655 No  3039 0.515 No  3034 0.0517
Yes 5997 13.0539 Yes 5997 0.73 Yes 5979 0.0724
Total 9036 Total 9036 Total 9013

T‐Test  4.547 (<.001) T‐Test  7.079 (<.001) T‐Test  5.02 (<.001)

Notes: Notes: Notes:

n Avg n Avg n Avg
No  8722 12.7573 No  8722 0.6589 No  8699 0.0658
Yes 314 11.7261 Yes 314 0.6242 Yes 314 0.0559
Total 9036 Total 9036 Total 9013
T‐Test  -1.713 (.087) T‐Test  -0.413 (.680) T‐Test  -0.873 (.383)

Notes: Notes: Notes:

Notes:  Number of Total Trips rises significantly 
between 1st, 3rd and 4th Quintiles; and 
between 2nd, 3rd and 4th Quintiles; and 
between 3rd and 4th Quintiles, even when 
accounting for unequal variances/sample sizes 
(Levene Test = 73.786 df(4, 8441), p<.001)

Notes:  Number of Active Trips monotonically 
increases significantly between 1st, 2nd, 3rd 
and 4th Quintiles; and significantly increases 
between 2nd and 4th Quintiles, even when 
accounting for unequal variances/sample sizes 
(Levene Test = 74.939 df(4,8441), p<.001)

Notes:  Number of Active Trips monotonically 
increases significantly between 1st, 2nd, and 
3rd Quintiles, even when accounting for 
unequal variances/sample sizes (Levene Test = 
17.882 df(4,8418), p<.001)

Presence of at least 1 
Supermarket Location 

Presence of at least 1 
Supermarket Location 

Presence of at least 1 
Supermarket Location 

Presence of at least 1 
Retail Location within 1km 
Buffer

Active Mode Trips

Active Mode Trips

Active Mode Split

Active Mode Split

Active Mode Split

Presence of at least 1 
Retail Location within 1km 
Buffer

Number of Bus Stops 
within 1km Buffer

Number of Bus Stops 
within 1km Buffer

Number of Bus Stops 
within 1km Buffer

Active Mode Trips

Presence of at least 1 
Retail Location within 1km 
Buffer

Total Trips

Total Trips

Total Trips



 

n Avg n Avg n Avg

No  7815 12.7026 No  7815 0.6409 No  7799 0.0646
Yes 1221 12.8419 Yes 1221 0.7649 Yes 1214 0.0704

Total 9036 Total 9036 Total 9013
T‐Test  0.356 (.772) T‐Test  2.337 (.020) T‐Test  0.947 (.360)
Notes: Notes: Notes:

Presence of at least 1 Park 
within 1km Buffer n Avg n Avg n Avg

No  4326 12.4071 No  4326 0.5867 No  4316 0.0617
Yes 4710 13.0102 Yes 4710 0.7229 Yes 4697 0.0688

Total 9036 Total 9036 Total 9013
T‐Test  2.755 (.006) T‐Test  1.719 (.086) T‐Test  4.452 (<.001)
Notes: Notes: Notes:

Total Trips

Total Trips

Presence of at least 1 
Restaurant or Fast Food 

Presence of at least 1 
Restaurant or Fast Food 

Active Mode Trips

Active Mode Trips

Active Mode Split

Active Mode Split

Presence of at least 1 Park 
within 1km Buffer

Presence of at least 1 Park 
within 1km Buffer

Presence of at least 1 
Restaurant or Fast Food 
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Appendix C – One Way ANOVAs and Independent Samples T-Test for BMI and 
Energy Expenditures among Peel CCHS Observations 

n Avg n Avg

1st Quintile 106 24.1878 1st Quintile 114 2.893

2nd Quintile 441 24.8644 2nd Quintile 466 2.4652

3rd Quintile 1327 25.0325 3rd Quintile 1455 2.3586

4th Quintile 703 24.9908 4th Quintile 765 2.1808

5th Quintile 991 25.2588 5th Quintile 1071 2.0089

Total 3568 25.0413 Total 3871 2.2553
F‐Test (and Significance) 1.588 (.175) F‐Test (and Significance) 5.992 (<.001)
Notes:

n Avg n Avg

1st Quintile 112 25.3263 1st Quintile 122 2.0754

2nd Quintile 1235 24.9576 2nd Quintile 1321 2.1765

3rd Quintile 1830 25.0196 3rd Quintile 2000 2.3265

4th Quintile 337 25.4551 4th Quintile 369 2.2046
5th Quintile 54 24.515 5th Quintile 59 2.2932

Total 3568 25.0413 Total 3871 2.2553
F‐Test (and Significance) 1.036 (.387) F‐Test (and Significance) .917 (.453)
Notes: Notes:

Mixed Use Index n Avg Mixed Use Index n Avg

1st Quintile 382 24.7026 1st Quintile 423 2.5927

2nd Quintile 790 25.0818 2nd Quintile 859 2.4793

3rd Quintile 1107 25.0597 3rd Quintile 1206 2.1665

4th Quintile 1043 25.0991 4th Quintile 1124 2.1966
5th Quintile 246 25.1087 5th Quintile 259 1.629

Total 3568 25.0413 Total 3871 2.2553
F‐Test (and Significance) .568 (.686) F‐Test (and Significance) 8.164 (<.001)
Notes:

Energy Expenditure

Notes:  Energy expenditure significantly lower in all 
categories vs. 5th Quintile (Levene Test = 6.524 (dF 4, 
3866), p<.001)

BMI Score

Note:  Energy Expenditures are significantly higher in 1st vs. 
5th Quintile only (Levene Test = 1.616 (dF 2, 3866), p=.167)

LFC Residential Density Measure

Energy Expenditure

Energy Expenditure
Intersection Density within 1km 
Buffer

Intersection Density within 1km 
Buffer

BMI Score

BMI Score

LFC Residential Density Measure



Mixed Use Index n Avg Mixed Use Index n Avg
1st Quintile 382 24.7026 1st Quintile 423 2.5927
2nd Quintile 790 25.0818 2nd Quintile 859 2.4793
3rd Quintile 1107 25.0597 3rd Quintile 1206 2.1665
4th Quintile 1043 25.0991 4th Quintile 1124 2.1966
5th Quintile 246 25.1087 5th Quintile 259 1.629
Total 3568 25.0413 Total 3871 2.2553
F-Test (and Significance) .568 (.686) F-Test (and Significance) 8.164 (<.001)
Notes:

Walkability Index n Avg Walkability Index n Avg
1st Quintile 263 24.3039 1st Quintile 281 2.5388
2nd Quintile 2978 25.1389 2nd Quintile 3242 2.2528
3rd Quintile 306 24.6415 3rd Quintile 324 1.9769
4th Quintile 21 26.2571 4th Quintile 24 3.025
5th Quintile NA NA 5th Quintile NA NA
Total 3568 25.0413 Total 3871 2.2553
F-Test (and Significance) 3.813 (.010) F-Test (and Significance) 3.251 (.021)

Notes:

n Avg n Avg
1st Quintile 2556 24.8862 1st Quintile 2784 2.361
2nd Quintile 454 25.3311 2nd Quintile 485 2.0971
3rd Quintile 421 25.8432 3rd Quintile 454 1.8956
4th Quintile 122 24.4338 4th Quintile 131 1.8359
5th Quintile 15 25.1253 5th Quintile 17 2.2941
Total 3568 25.0413 Total 3871 2.2553
F-Test (and Significance) 4.736 (.001) F-Test (and Significance) 4.933 (.001)

Energy Expenditure

Energy Expenditure

Sidewalk Kms within 1km Buffer

Notes:  Energy expenditure significantly higher 1st Quintile vs. 3rd 
Quintile, but not elsewhere (Levene Test = 4.051 (dF 4, 3866), 
p=.003)

Energy Expenditure

Notes:  Energy expenditure significantly higher in all categories vs. 
5th Quintile (Levene Test = 6.524 (dF 4, 3866), p<.001)

Notes:  BMI significantly higher in 3rd Quintile vs. 1st Quintile; no 
significant differences elsewhere (Levene Test = 1.534 (dF 4, 
3563), p=.190)

BMI Score

BMI Score

BMI Score

Notes:  BMI significantly higher in 2nd Quintile vs. 1st Quintile; no 
significant differences elsewhere (Levene Test = 4.873 (dF 3, 
3564), p=.002)

Sidewalk Kms within 1km Buffer
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n Avg n Avg
1st Quintile 1430 25.0461 1st Quintile 1531 2.346
2nd Quintile 1502 25.0482 2nd Quintile 1660 2.2546
3rd Quintile 379 24.8305 3rd Quintile 409 1.8983
4th Quintile 144 25.0939 4th Quintile 152 2.3724
5th Quintile 17 23.7124 5th Quintile 17 1.5353
Total 3472 25.0189 Total 3769 2.2546
F-Test (and Significance) .515 (.725) F-Test (and Significance) 2.960 (.019)
Notes:

n Avg n Avg
No 916 25.2003 No 986 2.4437
Yes 2652 24.9864 Yes 2885 2.1908
Total 3568 Total 3871
T-Test 1.19(.747) T-Test (and Significance) 2.666 (.008)
Notes: Notes:

n Avg n Avg

No 3411 25.0356 No 3698 2.2623
Yes 157 25.1645 Yes 173 2.1052

Total 3568 Total 3871
T-Test (and Significance) -.336 (.737) T-Test (and Significance) .801 (.423)
Notes: Notes:

Presence of at least 1 
Restaurant or Fast Food 
Location within 1km Buffer n Avg

Presence of at least 1 
Restaurant or Fast Food 
Location within 1km Buffer n Avg

No 2890 25.015 No 3145 2.3112
Yes 678 25.1533 Yes 726 2.0129
Total 3568 Total 3871
T-Test (and Significance) -.690 (.490) T-Test (and Significance) 3.058 (.002)
Notes: Notes:

Energy Expenditure

Energy Expenditure

BMI Score

BMI Score

BMI Score

BMI Score

Energy Expenditure

Number of Bus Stops within 
1km Buffer

Number of Bus Stops within 
1km Buffer

Presence of at least 1 Retail 
Location within 1km Buffer

Presence of at least 1 Retail 
Location within 1km Buffer

Presence of at least 1 
Supermarket Location within 

Presence of at least 1 
Supermarket Location within 

Notes:  Energy expenditure significantly higher 1st 
Quintile vs. 3rd Quintile, but not elsewhere (Levene Test 
= 4.169 (dF 4, 3764), p=.002)

Energy Expenditure



Presence of at least 1 
Park within 1km Buffer n Avg

Presence of at least 1 
Park within 1km Buffer n Avg

No  1368 25.0576 No  1480 2.2126

Yes 2200 25.0311 Yes 2391 2.2816

Total 3568 Total 3871

T‐Test (and Significance) .164 (.870) T‐Test (and Significance) ‐.827 (.408)
Notes: Notes:

Energy ExpenditureBMI Score
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Appendix D – Chi Square Results for Urban Form Associations with Obesity, Walking Prevalence and 
Physical Activity 

Series 1:  LFC Residential Density Associations 

1st Quintile 101 5 106 1st Quintile 29 12 30 16 15 11 113

Expected 92.16 13.84 Expected 24.34 13.53 37.99 15.71 7.66 13.77

2nd Quintile 389 52 441 2nd Quintile 105 61 162 60 20 56 464

Expected 383.40 57.60 Expected 99.94 55.57 155.99 64.49 31.46 56.54

3rd Quintile 1154 173 1327 3rd Quintile 330 181 492 202 85 158 1448

Expected 1153.69 173.31 Expected 311.87 173.43 486.80 201.27 98.19 176.44

4th Quintile 619 84 703 4th Quintile 168 89 261 108 55 82 763
Expected 611.18 91.82 Expected 164.34 91.39 256.51 106.05 51.74 92.97

5th Quintile 839 152 991 5th Quintile 197 118 349 149 86 162 1061
Expected 861.57 129.43 Expected 228.52 127.08 356.70 147.48 71.95 129.28

Total 3102 466 3568 Total 829 461 1294 535 261 469 3849

Chi Square 12.417 Chi Square 38.95
Somer's d 0.017 Somer's d 0.054

# Hours Walked to School or WorkObesity Status

Total
LFC Residential 
Density Measure

LFC Residential 
Density Measure

None <1 Hour
1 ‐ 5 
Hours

6 ‐ 10 
Hours

11 ‐ 20 
Hours

20+ 
Hours

Total
Not 

Obese
Obese

 

1st Quintile 63 51 114 1st Quintile 53 24 37 114

Expected 43.32 70.68 Expected 30.92 26.30 56.78

2nd Quintile 199 267 466 2nd Quintile 156.00 97.00 213.00 466.00

Expected 177.08 288.92 Expected 126.40 107.50 232.10

3rd Quintile 556 899 1455 3rd Quintile 405 357 693 1455

Expected 552.91 902.09 Expected 394.67 335.65 724.68

4th Quintile 286 479 765 4th Quintile 184.00 200.00 381.00 765.00

Expected 290.70 474.30 Expected 207.50 176.48 381.02

5th Quintile 367 704 1071 5th Quintile 252 215 604 1071

Expected 406.99 664.01 Expected 290.51 247.07 533.42

Total 1471 2400 3871 Total 1050 893 1928 3871

Chi Square 25.282 Chi Square 59.797
Somer's d 0.048 Somer's d 0.08

Total Active Moderate Inactive Total
LFC Residential 
Density Measure

LFC Residential 
Density Measure

Yes No

Physical Activity 
Index Classification

Physically Active > 
15 Mins Per Day

 



 
Series 2:  Intersection Density within 1km Buffer 

1st Quintile 97 15 112 1st Quintile 35 13 26 12 14 20 120

Expected 97.37 14.63 Expected 25.85 14.37 40.34 16.68 8.14 14.62

2nd Quintile 1074 161 1235 2nd Quintile 261 156 420 190 104 179 1310

Expected 1073.70 161.30 Expected 282.15 156.90 440.41 182.09 88.83 159.62

3rd Quintile 1598 232 1830 3rd Quintile 426 229 697 286 125 229 1992

Expected 1590.99 239.01 Expected 429.04 238.58 669.69 276.88 135.08 242.72

4th Quintile 286 51 337 4th Quintile 92 57 123 44 14 38 368

Expected 292.99 44.01 Expected 79.26 44.08 123.72 51.15 24.95 44.84

5th Quintile 47 7 54 5th Quintile 15 6 28 3 4 3 59
Expected 46.95 7.05 Expected 12.71 7.07 19.84 8.20 4.00 7.19

Total 3102 466 3568 Total 829 461 1294 535 261 469 3849

Chi Square 1.524 Chi Square 49.527
Somer's d 0.004 Somer's d -0.058

Total
Intersection Density within 
1km Buffer

Obesity Status # Hours Walked to School or Work
Not 

Obese
Obese

Intersection Density 
within 1km Buffer

None <1 Hour
1 ‐ 5 
Hours

6 ‐ 10 
Hours

11 ‐ 20 
Hours

20+ 
Hours

Total

 

1st Quintile 46 76 122 1st Quintile 30 28 64 122

Expected 46.36 75.64 Expected 33.09 28.14 60.76

2nd Quintile 496 825 1321 2nd Quintile 342 315 664 1321

Expected 501.99 819.01 Expected 358.32 304.74 657.94

3rd Quintile 774 1226 2000 3rd Quintile 560 454 986 2000

Expected 760.01 1239.99 Expected 542.50 461.38 996.13

4th Quintile 134 235 369 4th Quintile 104 77 188 369

Expected 140.22 228.78 Expected 100.09 85.12 183.79

5th Quintile 21 38 59 5th Quintile 14 19 26 59
Expected 22.42 36.58 Expected 16.00 13.61 29.39

Total 1471 2400 3871 Total 1050 893 1928 3871

Chi Square 1.125 Chi Square 6.192
Somer's d -0.001 Somer's d -0.014

Physically Active > 
15 Mins Per Day

Physical Activity 
Index Classification

TotalTotal
Intersection Density 
within 1km Buffer

Active Moderate Inactive
Intersection Density within 
1km Buffer

Yes No

 

P 



 

Q 

 
Series 4:  Mixed Use Index for 1km Buffer 

Mixed Use Index

1st Quintile 339 43 382 1st Quintile 113 62 130 52 26 38 421

Expected 332.11 49.89 Expected 90.70 50.40 141.50 58.50 28.50 51.30

2nd Quintile 684 106 790 2nd Quintile 206 100 316 103 46 84 855

Expected 686.82 103.18 Expected 184.20 102.40 287.40 118.80 58.00 104.20

3rd Quintile 972 135 1107 3rd Quintile 255 136 415 174 72 147 1199

Expected 962.42 144.58 Expected 258.20 143.60 403.10 166.70 81.30 146.10

4th Quintile 899 144 1043 4th Quintile 206 131 367 165 93 155 1117

Expected 906.78 136.22 Expected 240.60 133.80 375.50 155.30 75.70 136.10

5th Quintile 208 38 246 5th Quintile 49 32 66 41 24 45 257

Expected 213.87 32.13 Expected 55.40 30.80 86.40 35.70 17.40 31.30

Total 3102 466 3568 Total 829 461 1294 535 261 469 3849

Chi Square 3.659 Chi Square 56.887

Somer's d 0.011 Somer's d 0.083

6 ‐ 10 
Hours

11 ‐ 20 
Hours

20+ Hours Total
Not 

Obese
Obese

Mixed Use Index
None <1 Hour

1 ‐ 5 
Hours

Total

Obesity Status # Hours Walked to School or Work

 

1st Quintile 175 248 423 1st Quintile 139 97 187 423

Expected 160.70 262.30 Expected 114.70 97.60 210.70

2nd Quintile 359 500 859 2nd Quintile 260 205 394 859

Expected 326.40 532.60 Expected 233.00 198.20 427.80

3rd Quintile 447 759 1206 3rd Quintile 323 273 610 1206

Expected 458.30 747.70 Expected 327.10 278.20 600.70

4th Quintile 409 715 1124 4th Quintile 277 266 581 1124

Expected 427.10 696.90 Expected 304.90 259.30 559.80

5th Quintile 81 178 259 5th Quintile 51 52 156 259

Expected 98.40 160.60 Expected 70.30 59.70 129.00

Total 1471 2400 3871 Total 1050 893 1928 3871

Chi Square 13.946 Chi Square 29.588

Somer's d 0.039 Somer's d 0.063

Physically Active > 
15 Mins Per Day

Physical Activity 
Index 

Inactive TotalYes No Total
Mixed Use Index

Active
Mixed Use Index

Moderate

 



Series 5:  Walkability Index 

Walkability Index Total

1st Quintile 246 17 263 1st Quintile 76 34 85 34 20 30 279

Expected 228.65 34.35 Expected 60.10 33.40 93.80 38.80 18.90 34.00

2nd Quintile 2572 406 2978 2nd Quintile 688 379 1100 447 217 394 3225

Expected 2589.06 388.94 Expected 694.60 386.30 1084.20 448.30 218.70 393.00

3rd Quintile 268 38 306 3rd Quintile 61 45 104 46 23 42 321

Expected 266.03 39.97 Expected 69.10 38.40 107.90 44.60 21.80 39.10

4th Quintile 16 5 21 4th Quintile 4 3 5 8 1 3 24

Expected 18.26 2.74 Expected 5.20 2.90 8.10 3.30 1.60 2.90 24.00

5th Quintile NA NA NA 5th Quintile NA NA NA NA NA NA NA
Expected Expected NA NA NA NA NA NA NA

Total 3102 466 3568 Total 829 461 1294 535 261 469 3849

Chi Square 13.188 Chi Square 17.361

Somer's d 0.031 Somer's d 0.047

1 ‐ 5 
Hours

6 ‐ 10 
Hours

11 ‐ 20 
Hours

20+ Hours Total
Not 

Obese
Obese

Walkability Index
None <1 Hour

Obesity Status # Hours Walked to School or Work

 

1st Quintile 133 148 281 1st Quintile 103 64 114 281

Expected 106.80 174.20 Expected 76.20 64.80 140.00

2nd Quintile 1216 2026 3242 2nd Quintile 868 756 1618 3242

Expected 1232.00 2010.00 Expected 879.40 747.90 1614.70

3rd Quintile 109 215 324 3rd Quintile 68 70 186 324

Expected 123.10 200.90 Expected 87.90 74.70 161.40

4th Quintile 13 11 24 4th Quintile 11 3 10 24

Expected 9.10 14.90 Expected 6.50 5.50 12.00

5th Quintile NA NA NA 5th Quintile NA NA NA NA
Expected NA NA NA Expected NA NA NA NA

Total 1471 2400 3871 Total 1050 893 1928 3871

Chi Square 15.992 Chi Square 27.611

Somer's d 0.059 Somer's d 0.093

Physically Active > 15 
Mins Per Day

Physical Activity Index 
Classification

Inactive Total
Walkability Index

Yes No Total
Walkability Index

Active Moderate

 
 
 
 

R 
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Series 6:  Kilometers of Sidewalk Surface within 1km Network Buffer 

Total

1st Quintile 2241 315 2556 1st Quintile 546 320 883 408 204 407 2768

Expected 2222.17 333.83 Expected 596.20 331.50 930.60 384.70 187.70 337.30

2nd Quintile 385 69 454 2nd Quintile 123 63 179 58 31 28 482

Expected 394.71 59.29 Expected 103.80 57.70 162.00 67.00 32.70 58.70

3rd Quintile 351 70 421 3rd Quintile 112 63 177 54 19 26 451

Expected 366.02 54.98 Expected 97.10 54.00 151.60 62.70 30.60 55.00

4th Quintile 111 11 122 4th Quintile 42 12 51 12 6 8 131

Expected 106.07 15.93 Expected 28.20 15.70 44.00 18.20 8.90 16.00

5th Quintile 14 1 15 5th Quintile 6 3 4 3 1 0 17
Expected 13.04 1.96 Expected 3.70 2.00 5.70 2.40 1.20 2.10

Total 3102 466 3568 Total 829 461 1294 535 261 469 3849

Chi Square 10.062 Chi Square 96.783

Somer's d 0.021 Somer's d -0.151

Obesity Status # Hours Walked to School or Work
1 ‐ 5 
Hours

6 ‐ 10 
Hours

11 ‐ 20 
Hours

20+ Hours Total
Not 

Obese
Obese

Sidewalk Kms 
within 1km Buffer

None <1 Hour
Sidewalk Kms 
within 1km Buffer

 

1st Quintile 1114 1670 2784 1st Quintile 817 642 1325 2784

Expected 1057.90 1726.10 Expected 755.20 642.20 1386.60

2nd Quintile 164 321 485 2nd Quintile 115 106 264 485

Expected 184.30 300.70 Expected 131.60 111.90 241.60

3rd Quintile 150 304 454 3rd Quintile 89 112 253 454

Expected 172.50 281.50 Expected 123.10 104.70 226.10

4th Quintile 37 94 131 4th Quintile 24 30 77 131

Expected 49.80 81.20 Expected 35.50 30.20 65.20

5th Quintile 6 11 17 5th Quintile 5 3 9 17

Expected 6.50 10.50 Expected 4.60 3.90 8.50

Total 1471 2400 3871 Total 1050 893 1928 3871

Chi Square 18.487 Chi Square 31.593

Somer's d 0.066 Somer's d 0.09

Physically Active > 15 
Mins Per Day

Physical Activity Index 
Classification

Inactive Total
Sidewalk Kms 
within 1km Buffer

Yes No Total
Sidewalk Kms 
within 1km Buffer

Active Moderate



 
Series 7:  Number of Bus Stops within 1km Network Buffer 

Total

1st Quintile 1248 182 1430 1st Quintile 344 175 519 215 92 175 1520

Expected 1243.42 186.58 Expected 320.90 180.50 512.80 213.80 104.70 187.40

2nd Quintile 1309 193 1502 2nd Quintile 333 199 568 228 119 204 1651

Expected 1306.03 195.97 Expected 348.50 196.10 556.90 232.20 113.70 203.60

3rd Quintile 321 58 379 3rd Quintile 79 48 133 60 34 53 407

Expected 329.55 49.45 Expected 85.90 48.30 137.30 57.20 28.00 50.20

4th Quintile 126 18 144 4th Quintile 34 21 38 22 12 25 152

Expected 125.21 18.79 Expected 32.10 18.10 51.30 21.40 10.50 18.70

5th Quintile 15 2 17 5th Quintile 1 2 6 2 1 5 17

Expected 14.78 2.22 Expected 3.60 2.00 5.70 2.40 1.20 2.10

Total 3019 453 3472 Total 791 445 1264 527 258 462 3747

Chi Square 1.944 Chi Square 20.169

Somer's d 0.007 Somer's d 0.036

Number of Bus 
Stops within 1km 
Buffer

Number of Bus 
Stops within 1km 
Buffer

1 ‐ 5 
Hours

6 ‐ 10 
Hours

11 ‐ 20 
Hours

20+ Hours Total
Not 

Obese
Obese None <1 Hour

Obesity Status # Hours Walked to School or Work

 

1st Quintile 621 910 1531 1st Quintile 457 343 731 1531

Expected 580.90 950.10 Expected 413.10 355.40 762.50

2nd Quintile 604 1056 1660 2nd Quintile 429 401 830 1660

Expected 629.80 1030.20 Expected 447.90 385.40 826.70

3rd Quintile 145 264 409 3rd Quintile 91 94 224 409

Expected 155.20 253.80 Expected 110.40 95.00 203.70

4th Quintile 54 98 152 4th Quintile 38 34 80 152

Expected 57.70 94.30 Expected 41.00 35.30 75.70

5th Quintile 6 11 17 5th Quintile 2 3 12 17

Expected 6.40 10.60 Expected 4.60 3.90 8.50

Total 1430 2339 3769 Total 1017 875 1877 3769

Chi Square 7.674 Chi Square 16.947

Somer's d 0.036 Somer's d 0.049

Number of Bus 
Stops within 1km 
Buffer

Number of Bus 
Stops within 1km 
Buffer

Inactive TotalYes No Total Active Moderate

Physically Active > 15 
Mins Per Day

Physical Activity Index 
Classification

 

T 



 

U 

 
Series 8:  Presence of At Least 1 Retail Location within 1km Buffer 

Total

No 794 122 916 No 228 111 339 133 64 104 979

Expected 796.37 119.63 Expected 210.86 117.26 329.13 136.08 66.39 119.29

Yes 2308 344 2652 Yes 601 350 955 402 197 365 2870

Expected 2305.63 346.37 Expected 618.14 343.74 964.87 398.92 194.61 349.71

Total 3102 466 3568 Total 829 461 1294 535 261 469 3849

Chi Square 0.072 Chi Square 5.551

Somer's d -0.003 Somer's d 0.037

Obesity Status # Hours Walked to School or Work

Not 
Obese

Obese
Presence of at least 
1 Retail Location 
within 1km Buffer

None <1 Hour
1 ‐ 5 
Hours

6 ‐ 10 
Hours

11 ‐ 20 
Hours

20+ Hours Total
Presence of at least 
1 Retail Location 
within 1km Buffer

 

No 405 581 986 No 302 226 458 986

Expected 374.69 611.31 Expected 267.45 227.46 491.09

Yes 1066 1819 2885 Yes 748 667 1470 2885

Expected 1096.31 1788.69 Expected 782.55 665.54 1436.91

Total 1471 2400 3871 Total 1050 893 1928 3871

Chi Square 5.308 Chi Square 8.993

Somer's d 0.041 Somer's d 0.056

Physically Active > 15 
Mins Per Day

Physical Activity Index 
Classification

Inactive TotalYes No Total
Presence of at least 
1 Retail Location 
within 1km Buffer

Active Moderate
Presence of at least 
1 Retail Location 
within 1km Buffer

 



 
Series 9:  Presence of At Least 1 Supermarket Location within 1km Buffer 

Total

No 2968 443 3411 No 790 440 1236 507 255 450 3678

Expected 2965.51 445.49 Expected 792.17 440.52 1236.51 511.23 249.40 448.16

Yes 134 23 157 Yes 39 21 58 28 6 19 171

Expected 136.49 20.51 Expected 36.83 20.48 57.49 23.77 11.60 20.84

Total 3102 466 3568 Total 829 461 1294 535 261 469 3849

Chi Square 0.365 Chi Square 3.936

Somer's d 0.017 Somer's d -0.033

Presence of at least 1 
Supermarket Location 
within 1km Buffer

Total
Not 

Obese
Obese

Presence of at least 
1 Supermarket 
Location within 1km 

None <1 Hour

Obesity Status # Hours Walked to School or Work

1 ‐ 5 
Hours

6 ‐ 10 
Hours

11 ‐ 20 
Hours

20+ Hours

 

No 1410 2288 3698 No 1009 848 1841 3698

Expected 1405.26 2292.74 Expected 1003.07 853.09 1841.84

Yes 61 112 173 Yes 41 45 87 173

Expected 65.74 107.26 Expected 46.93 39.91 86.16

Total 1471 2400 3871 Total 1050 893 1928 3871

Chi Square 0.577 Chi Square 1.472

Somer's d 0.029 Somer's d 0.022

Presence of at least 1 
Supermarket Location 
within 1km Buffer

Active Moderate Inactive Total
Presence of at least 1 
Supermarket Location 
within 1km Buffer

Yes No Total

Physically Active > 15 
Mins Per Day

Physical Activity Index 
Classification

 

V 



 

W 

 
Series 10:  Presence of At Least 1 Restaurant or Fast Food Location within 1km Buffer 

Total

No 2520 370 2890 No 685 377 1068 441 203 354 3128

Expected 2512.55 377.45 Expected 673.71 374.64 1051.61 434.78 212.11 381.15

Yes 582 96 678 Yes 144 84 226 94 58 115 721

Expected 589.45 88.55 Expected 155.29 86.36 242.39 100.22 48.89 87.85

Total 3102 466 3568 Total 829 461 1294 535 261 469 3849

Chi Square 0.89 Chi Square 15.338

Somer's d 0.014 Somer's d 0.063

Presence of at least 1 
Restaurant or Fast Food 
Location within 1km Buffer

Obesity Status # Hours Walked to School or Work

Not 
Obese

Obese
Presence of at least 1 
Restaurant or Fast Food 
Location within 1km Buffer

None <1 Hour
1 ‐ 5 
Hours

6 ‐ 10 
Hours

11 ‐ 20 
Hours

20+ Hours Total

 
 

No 1227 1918 3145 No 875 744 1526 3145

Expected 1195.12 1949.88 Expected 853.07 725.52 1566.41

Yes 244 482 726 Yes 175 149 402 726

Expected 275.88 450.12 Expected 196.93 167.48 361.59

Total 1471 2400 3871 Total 1050 893 1928 3871

Chi Square 7.315 Chi Square 11.07

Somer's d 0.054 Somer's d 0.069

No Total
Presence of at least 1 
Restaurant or Fast Food 
Location within 1km Buffer

Active Inactive TotalModerate

Physically Active > 15 
Mins Per Day

Physical Activity Index 
Classification

Presence of at least 1 
Restaurant or Fast Food 
Location within 1km Buffer

Yes

 



Total

No 1187 181 1368 No 353 189 534 172 89 137 1474

Expected 1189.33 178.67 Expected 317.47 176.54 495.55 204.88 99.95 179.61

Yes 1915 285 2200 Yes 476 272 760 363 172 332 2375

Expected 1912.67 287.33 Expected 511.53 284.46 798.45 330.12 161.05 289.39

Total 3102 466 3568 Total 829 461 1294 535 261 469 3849

Chi Square 0.057 Chi Square 39.582

Somer's d -0.003 Somer's d 0.103

Obesity Status # Hours Walked to School or Work

Presence of at least 1 Park 
within 1km Buffer

1 ‐ 5 
Hours

6 ‐ 10 
Hours

11 ‐ 20 
Hours

20+ Hours TotalNot Obese Obese
Presence of at least 
1 Park within 1km 
Buffer

None <1 Hour

 

X 

 
Series 11:  Presence of At Least 1 Restaurant or Fast Food Location within 1km Buffer 

 

No 536 944 1480 No 404 317 759 1480

Expected 562.41 917.59 Expected 401.45 341.42 737.13

Yes 935 1456 2391 Yes 646 576 1169 2391

Expected 908.59 1482.41 Expected 648.55 551.58 1190.87

Total 1471 2400 3871 Total 1050 893 1928 3871

Chi Square 3.238 Chi Square 3.905

Somer's d -0.029 Somer's d -0.016

Active Moderate Inactive TotalPresence of at least 1 Park 
within 1km Buffer

Yes No Total
Presence of at 
least 1 Park within 
1km Buffer

Physically Active > 15 
Mins Per Day

Physical Activity Index 
Classification
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