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1

Context

Geographic understanding is fundamental to public health and can contribute to health-related decision
making for planning, prediction and prevention (Cinnamon et al., 2009). Visualization is the creation of
images to communicate a message. When applied to geographic information, visualization refers to the
procedure of creating maps of spatial data (Blok et al., 1999). With the rapid development of Internet
technologies, web-based maps have emerged as the optimal medium for the distribution of maps. A
proliferation of web-based mapping in recent years has resulted in increasing familiarity with mapping and
Geographic Information Systems (GIS) that capture, store, analyze, manage, and present data that are
linked to location. Even users unfamiliar with GIS technologies and mapping concepts can navigate
products such as Google Maps and Google Street View with relative ease. Although web-based maps are
not suited to producing high quality cartographic representations, web-based mapping has proven ideal
for representation and visualization.
It is only in the past decade that mapping has become a part of public health projects, and only in the last
five years that it has become a key component of public health operations (ATSDR, 2009). The spatial
aspects of public health are  “increasingly seen as vital for health planners” (Croner, 2003). When health
data  is  “joined” with other datasets such as census data,  mapping  can  “reveal associations between the
two and highlight location-specific   risk   factors” (Cinnamon et al., 2009). Web-based mapping has been
applied widely in health research on chronic respiratory symptoms, air pollution morbidity/mortality
trends, drinking water quality, road transportation planning, hospital accessibility patterns, disease
clusters, health care planning, and climate change impacts (Gao, 2010). Web-based mapping in public
health has been applied across a variety of geographic scales from municipal to global and allows for costeffective approaches to health promotion and disease prevention, using existing web technology for
maximum outreach.
There are four key public health areas in which mapping can be employed (Gao, 2010):
1. Resource Distribution: Examining the numbers, types and locations of health care facilities and
services; exploring the potential for improved delivery of services; identifying populations with
limited geographical or social access to public health services, as a decision support tool;
2. Disease Pattern Detection: Investigating disease outbreaks over space and time to ascertain the
spatial distribution and variation of illness, planning immunization strategies or informing health
practitioners of emerging threats;
3. Disease Monitoring and Surveillance: To help understand the effect of disease agents (physical,
chemical or biological) in the cause of diseases and to analyze epidemiological data to reveal
trends and interrelationships that would not be revealed in tabular formats;
4. Health Care and Education: To facilitate public access, awareness and preparation, and to increase
public participation in health decision making.
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Static, Dynamic and Interactive Mapping

Web-based maps fall into three categories: static, dynamic and interactive. Static maps are the most basic,
and are essentially digitized paper maps. Dynamic maps allow for animation, generally presented as a
series of maps, displayed in a predetermined sequence to show spatio-temporal trends. Interactive maps
can be considered more advanced, allowing users to alter the display and perform queries and other
analyses of the data.
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2.1

Static Mapping

In the context of web-based mapping, static mapping is the creation of a digital representation of a
previously rendered map. The functionality of a static map is comparable to that of a conventional paper
map. Cinnamon et al. (2009) define static maps as ”non-modifiable representations of geographic
phenomena that can be viewed onscreen or printed“.
Static mapping is a passive process, employing predefined variables and a predetermined cartography to
produce view-only maps. Static maps can be used to identify and compare patterns in a spatial context
only and allow us to determine what patterns exist, where they exist and how they compare to other
spatial patterns (Castronovo et al., 2009). Many web-based mapping applications use static maps, often
accompanied by statistics and other information to enhance their usefulness (see Figure 1).
Static maps can be easily distributed and can be viewed in any browser. Because they have no inherent
requirement for technology, they are very easy to use, with no need for training and limited design
decisions. However, with the exception of ease of distribution, web-based static maps offer little functional
advantage when compared to paper maps (Cinnamon et al., 2009b). Static maps are generally presented
as GIF, PNG, JPEG or PDF files.

Figure 1: Static Mapping – WHO Global Health Observatory Portal

Source: World Health Organization, 2010 http://gamapserver.who.int/mapLibrary/app/searchResults.aspx
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2.2

Dynamic Mapping

A dynamic map is a series of ”temporally-ordered snapshots of maps that each depicts a period in time”
(Monmonier, 1994). The goal of dynamic mapping is to highlight change. Dynamic maps achieve this more
effectively than a series of static maps (Griffin et al., 2006). Where static maps are spatial in nature only,
dynamic mapping can add another layer of analysis through the addition of a temporal domain, providing
insights into spatio-temporal processes that would not be possible with static maps or statistical analysis
alone. While dynamic maps are capable of utilizing temporal scales, this is not a prerequisite. Temporally
classified animations show changes over hours, days, months or years while non-temporally classified
animations can depict a series of variables related to a common subject (Cinnamon et al., 2009). An
example in the context of heat vulnerability maps would be showing the numerous demographic layers,
one after another. It can be difficult to investigate spatial patterns or gain research insights in this way.
With developments in computer processing speeds and bandwidth availability, the potential for the
delivery of animated mapping has increased considerably in the past decade. By synchronizing and
overlaying outcome data with exposure variables, public health researchers can explore these
relationships visually. Cinnamon et al. (2009) observe that dynamic mapping can be useful for detecting
similarities or differences in spatial distributions. An example of dynamic mapping applied to tracking
monthly Salmonella hospitalizations in the USA can be viewed at the following URL;
http://www.niehs.nih.gov/news/newsletter/2010/march/images/monthly_salm_monthly_temp_dyn_ma
p_sample_final.mp4 (QuickTime player required).

2.3

Interactive Mapping

Interactive maps allow for greater user interaction whereby the user can alter the display in some way
(Cinnamon et al., 2009b). Many interactive maps have some GIS functionality, enabling the integration of
interdependent data from multiple sources. GIS applications have a broad range of functions including
overlay functions, proximity analysis functions, spatial statistics functions, etc. (Gao, 2010). Interactive
maps often use a range of these functions (see Figure 2), combining the power of the Internet with basic
GIS functionality that allows for querying and data analysis. Delivering GIS functionality through a web
portal allows for significant cost savings for users who would otherwise require desktop GIS software and
the extensive training needed to operate it. Interactive maps are more user-friendly and easier to operate
than desktop GIS systems (Cinnamon et al, 2009b).
Given that a web-based interactive mapping system can be distributed to multiple users, generally with no
licensing cost, there are significant savings compared to GIS use, which often requires individual licensing
(although freeware has become available in recent years). As previously noted, GIS applications have an
immense range of functions. Many public health users will never come close to using the entire suite of
functionality. An interactive mapping solution allows for select functionality, minimizing redundant
features provided by desktop GIS solutions.
Interactive maps allow users to manipulate and control data classes, change map extents, and focus on
layers that emphasize the desired messaging, enabling the comparison of different indicators in the same
geography simultaneously. The range of interactivity varies based on numerous criteria including budget,
end-user requirements, development objectives and data availability/suitability. Simple interactive maps
allow for place-locating (http://maps.google.ca/maps?hl=en&tab=wl), with more complex applications
using greater GIS-type multi-functionality (http://umap.mapbase.ca/).
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Figure 2: Interactive Mapping - HIV Mapper

Source: USAID, 2010 http://www.hivmapper.com/

2.4

Choice of Map Types for Public Health Mapping

Sections 2.1, 2.2 and 2.3 have described the available web-based mapping options. The question is: which
mapping type is most suited to public health data? A comprehensive study by Cinnamon et al. (2009)
examined this very question using data and end-user input from Toronto. The study examined the usability
and utility of each of these mapping types by creating static, animated and interactive maps using the
same injury and socio-demographic data. The researchers created static injury maps and nine static sociodemographic maps which could be viewed onscreen with a non-modifiable display or in print. Two timeseries animated maps were created (one for months, the other for years) as well as two non-temporal
animated maps (one for injury-type and the other for socio-demographic variables). Interactive maps
incorporated eight injury map layers with nine socio-demographic map layers as well as a road network
layer. The interactive maps allowed for map comparison using an innovative split screen, as well as other
functions such as pan, zoom, layer change and other user-modified display options.
Applying a five-point Likert scale, where users rate their preference from ‘strongly agree’ to ‘strongly
disagree’, all respondents agreed that the interactive map was the most useful option of the three , as it
was found to be the most versatile. It was also noted that interactive maps appeared more complex to
potential users than the static and animated maps. Animated maps were found to be less useful than the
others overall. Specific findings for each mapping type are outlined below:
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Static Maps
 100% of respondents either agreed or strongly agreed that static maps were easy to understand
 Static maps were considered the best option for comparing specific time points
 Static maps were the most suitable for people unfamiliar with map analysis
 Static maps were found to be the most versatile as they could be viewed on-screen or in print
 A key limitation noted was that only one variable was shown on each map, so a lot of back and forth
was necessary to make comparisons between variables
Dynamic Maps
 75% agreed or strongly agreed that animations (dynamic) were easy to understand
 50% of respondents found the time-series animation useful; 75% found variable animations useful
 Animations were found to be the best at identifying trends
Interactive Maps
 75% felt the interactive option was easy to use and well laid out
 Few limitations were noted with this option, one user felt the user interface was too cluttered
 One user suggested that report creation or querying would enhance this option
 The ability to compare maps on a single screen was noted as a benefit by most respondents
 Users felt the interactive map provided the greatest insight into the relationships between injuries and
their determinants.
Other studies found the utility of different mapping types varied based on specific tasks. Slocum et al.
(1994) found animated maps were better suited than static maps for analyzing general trends while static
maps were preferred for comparing specific time points. Cinnamon et al. (2009) echo this notion, where
they observe that different map types have varying utilities in performing specific functions.

2.5

Feedback from TPH Heat Workshop

On June 14th, 2010, Toronto Public Health (TPH) hosted a Heat Workshop and solicited feedback on the
vulnerability maps from attendees. Given that the maps were presented as static maps only, the following
comments apply only to static mapping. Generally, participants felt the maps were a good starting point
for identifying vulnerable populations and as a communications tool. Participants were divided on the
choice of colour scheme, where some felt it was well done, while others thought the colours were hard to
differentiate (see Figure 3). The maps were observed to be intuitive and the combination of multiple
indicators was found to be very useful.
The vast majority of the comments suggesting improvements to the system cannot be implemented if the
maps are to be presented as static maps. Most of these comments pointed towards the creation of an
interactive system. For example, it was suggested that the maps should show predominant languages in
areas where English/French is not dominant. Such information cannot be displayed on a static map as
there would be far too much text for scales such as neighbourhoods, postal codes, census tracts, etc.
Several comments spoke to the desire for customizable boundary layers, that is, the ability to change
between municipal, health unit, and conservation authority boundaries.
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Figure 3: Exposure to Heat Index by Census Tract

Source: City of Toronto, 2010

Many comments identified the need for scale improvements in the maps. Users found it difficult to
accurately interpret scale on hard-copy maps. The ability to zoom in on an area was noted as something
that would increase the visibility of details in the maps.
Participants were also asked ”would the ability to create your own maps in an interactive/on-line
environment be useful to your organization?“ 100% of respondents answered yes to this question. Many
also added that the potential to bring in their own data would be an excellent addition.
It was noted that context was lacking that would help users understand thermal imagery. How were the
temperatures derived? What was the methodology behind indicator selection? Many participants
requested clarification on the applicability and usefulness of thermal imagery. Clearer information was
requested regarding the information on the map, including details on how exposure and sensitivity were
determined. This information can be provided in ancillary web pages regardless of the mapping type.

2.6

Additional Feedback based on Structured Interview

Additional interviews were conducted with Elaine Pacheco (Manager, City of Toronto Hot Weather
Response Program), Amanda Powers (Policy Analyst, Ontario Ministry of the Environment), Ciara deJong
(City of Toronto, Environment Office) and Jaime Roa (Project Management Office, Central Community Care
Access Centre). The interviewer asked five questions:
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1. What additional data would you like to use with the heat vulnerability index?
2. Would you prefer to have access to a file with the vulnerability index to import into your own GIS
program, or would you want to be able to upload data into the interactive mapping application
instead?
3. If you were to add data to a new application, would it be publicly available, shared between
community partners or just for your group specifically?
4. Would you like to download a table with, for example census tract number and vulnerability index
to use in your own analytic software or would you prefer to view it in an online interactive
application?
5. Do you use GIS with any regularity?
The results of these interviews are presented below in tabular form.
Ministry of the
Environment
Q1 No additional data,
would be used as a
stand-alone
information tool

Central Community
Care Access Centre
Real time data on the
locations  of  CCCAC’s  
clients

Q2 N/A

Access the file
independently
Data would not be
publicly available

Q3 N/A

Q4 Download
Q5 Limited GIS
experience
personally, although
used in their
department

Download
Limited GIS
experience
personally, although
used in their
department

Toronto Environment
Office
Future temperature
ranges based on
climate change
models, air quality,
energy use (gas),
electricity use,
transportation
emissions data and
transit accessibility
Access the file
independently
All data with the
exception of Enbridge
data could be public
Download
Limited GIS
experience
personally, although
used in their
department

TPH Hot Weather
Response Program
List of boarding
homes and rooming
houses, ranked
according to air
conditioning
availability

Integrate their data
into the system
Data could be publicly
available but is not of
great use to the
public
Download
Limited GIS
experience
personally, although
used in their
department

3. Data
In assessing data holdings and their applicability within an online mapping system, there are numerous
considerations that must be addressed. There are several sources of heterogeneity in data holdings. Data
heterogeneity can be grouped into three sources: syntactic, schematic, and semantic. Syntactic
heterogeneity refers different to data structures and formats, referring to how data is stored and
maintained. Schematic heterogeneity refers to database schemas organized with different properties and
structures. Semantic heterogeneity refers to different interpretations of data and metadata or  the  “data  to  
describe  the  data”. All of these sources must be considered when integrating data (Bishr, 1998).
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In the context of making heat-vulnerability maps available over the Internet, syntactic variation is more
problematic than schematic or semantic. Schematic variations can be addressed by tabular alterations to
databases to ensure harmony with the chosen system. Semantic heterogeneity can be minimized through
the provision of rigorous metadata and the provision of thorough descriptions of the data provided and
the methodologies used to assemble the data.
Syntactic variations can arise because health data are often maintained in different input formats, at
different spatial levels, using different naming conventions and terminologies, etc. (Gao, 2010). This
variation is important to consider in the context of a web-based mapping system as it influences what data
can be used in a system, and what data can be brought into to an existing system. The New Brunswick
Lung Association (2006) notes that public health data tend to be divided into silos -- hospitals, physicians,
financial management, etc. They observe that this data fragmentation is partially due to budgets that
allocate separate funding blocks for different providers and services.
A point worthy of emphasizing refers to the use of different spatial levels. Health information is collected
through two kinds of georeferences: point data (coordinates of specific point location) and regional data
(collected as a summary for a geographical area). Point data does not present problems as each datum can
exist in isolation. However, regional data can exist at numerous scales and the choice of scale can affect
the entire web-based mapping system. The regional scales at which health data can be presented could be
postal code, neighbourhood, city ward, provincial/federal riding, public health service area, census tract,
dissemination area, economic region, etc. Legality is an essential consideration. Laws governing use and
distribution of public health information must be respected in any jurisdiction (Gao, 2010). Additionally,
laws and policies governing the use of additional datasets must be honoured.

3.1

Data Holdings

Rinner et al. (2009) carried out an extensive review of data that would be included as part of the heat
vulnerability mapping exercise, including benefits and limitations of inclusion. Rather than repeating this
exercise, readers are directed to the detailed account of data holdings provided by Rinner.

4. System Development Options
4.1

Adapt iMapIt (City of Toronto Geospatial Competency Centre)

4.1.1 Overview
The Geospatial Competency Centre (GCC) is a unit within the Information & Technology Division of the City
of Toronto. The GCC mandate is to provide an enterprise geospatial framework, including mapping, data,
technology solutions, and consulting for geospatial enabled business applications and related architectures
using a federated operational model in a collaborative working environment. The GCC works on mapping
projects with individual City departments and has expressed an interest and willingness to work with TPH
on a customized heat vulnerability application (Richard Ng, GCC, personal communication). This would
entail the development of an iMapIt application.
iMapIt is a tool that GCC uses for building web mapping applications such as iView. The iMapIt system is
currently being reformed. A new version is expected early in 2011; a beta version of this system is already
available. The current iMapIt system has a range of interactive functionality. These features include:
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Zoom to full extent
Zoom to previous extent
Zoom in
Zoom out
Pan
Identify – allows users to point and click to obtain information on a highlighted layer
Measure – allows users to calculate distance
Clear selection
Print
Search by address, application then zoom to selected area
Search by intersection, application then zoom to selected area
Search by place name, application then zoom to selected area
Refresh
A toggle overview map that allows users to zoom in on an area, and highlight the selected area in a
smaller map box to provide broader spatial context

The system is already well populated with base data including:
 Ortho Imagery
o Aerial View 2005
o Aerial View 2003
o Aerial View 2002
o Aerial View 1999


Transportation Networks
o Subway Stations
o Pedestrian Signals
o Street Centreline (expressway, arterial, collector, or local road, laneway, railway, river,
trail, walkway, hydro line)



Social Services
o Care Facilities
o Community Services (animal centres, child care centres, social services offices)
o Emergency Services (ambulance station, police station, fire station, fire/ambulance
station)
o Health Services (long term care centres)
o Housing and Shelters (hostels and social housing)



Government and Education
o University
o College
o Post Secondary Institutions
o Public School - Primary
o Public School - Secondary
o Separate School - Primary
o Separate School - Secondary
o Private School
o Elementary Schools
o Other Educational Institution
12



City Attractions
o Points of Interest
o Things To Do (Art Exhibits, Attractions, Entertainment/Sports, Golf Courses, Museums,
Parks / Gardens / Conservatories, Stage, Trade Shows)
o Rec Centres and Pools (Recreation Centres, Swimming Pools)



Administrative Boundaries
o City Wards
o Priority Neighbourhoods
o Neighbourhoods
o Ravine and natural feature protection By-law
o Archaeological potential

Any additional datasets can be brought into the system at the request of TPH. These data might include
demographic datasets, vulnerability indices, census tract boundary files, thermal imagery, etc. Additionally,
TPH could act as a liaison between the GCC and non-City partners who are interested in integrating their
data. Any data that partners would like to bring in would most likely have to be made available to other
partners as all partners would use the same system and data configurations. It is unlikely that a custom
system would be created for each community partner that would contain their data only. This is discussed
in greater detail in 4.1.5.
The current iMapIt application can be viewed at http://map.toronto.ca/imapit/iMapIt.jsp?app=TOMaps.
The beta version of iMapIt can be viewed through the City Intranet at http://insidetomap.toronto.ca/imapit/iMapIt.jsp?app=ZONING_R0. The new release of iMapIt will contain additional
functionality including;
o
o
o
o
o
o

Real time updating
Buffering
Greater selection criteria (select by attribute)
Improved interface and usability
Hyperlinking within the mapping application
Reporting capabilities.

Figure 4 displays the current iMapIt system, the top menu bar shows the current functionality. In this
particular screenshot, a social housing building has been identified using the ”identify”   function and its
associated information displayed below. This rudimentary reporting feature allows users to cut and paste.
The next generation will allow for greater exporting of data.
Figure 4 displays a beta version of the new version of iMapIt. In this version, the toolbar that displays
functionality is masked, however, users can see the improved interface. This particular application is for
road construction in the City, and shows, in real time, where delays are and where future delays are
anticipated due to construction. Each ’caution triangle”   in Figure 5 has matching information in the left
pane that describes the nature of the problem. Figure 6 shows the same map, but with the links panel
open. This panel can be used to post metadata or methodologies behind the data, a resource noted by
several participants at the 2010 Heat Workshop as lacking. Figure 7 displays some of the additional
functionality that the new iMapIt application will contain.
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Figure 4: Current iMapIt Application Screenshot

Source: City of Toronto, 2010 http://map.toronto.ca/imapit/iMapIt.jsp?app=TOMaps

Figure 5: iMapIt Beta Interface (Road Restrictions example)

Source: City of Toronto, 2010 http://map.toronto.ca/roadrestrictions/index.jsp
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Figure 6: iMapIt Beta Interface with links panel open (Road Restrictions example)

Source: City of Toronto, 2010 http://map.toronto.ca/roadrestrictions/index.jsp

Figure 7: iMapIt Beta Interface showing new functionality

Select by
Rectangle

Buffering
Select by Line

Select by
Polygon

Select by
Circle

Source: City of Toronto, 2010
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4.1.2

Resources (human, financial, technical)

Human Resources
Although iMapIt is technically advanced, the human resource requirement from TPH would not be
burdensome. TPH staff would have to work with GCC staff in the initial stages of consultation with GCC.
This consultation would involve isolating additional data that TPH may want to include in the system (from
community partners, for example). The current GIS files would then be transferred to the GCC for upload.
It was noted in the Heat Workshop that the colour scheme was not ideal, especially when trying to
distinguish between the three most vulnerable classes. Such issues could be addressed at this stage with
the GCC, who could apply new colour schemes.
There would be considerably more staff time required by GCC staff, however, although nothing extraneous
to their daily operations. After initial application details are decided, TPH staff would participate in user
acceptance testing with the GCC.
Financial Resources
There are no financial resources required to use this option. All work would be in-kind from internal City
divisions.
Technical Resources
Other than transferring data files to the GCC, no technical resources are required of TPH. Once data is
transferred,   the   GCC’s   data   loading   process   will   move   the   source   data   to   the   City’s   Geospatial   Data  
Repository. The application will use a data feed from this Geospatial Data Repository (Figure 8). The GCC
must create individualized data load processes for every iMapIt application. Once the data load process is
created, the application can be created. The time required to achieve this depends on the available GCC
resources at the time and the number of data layers required. The number of data layers directly impacts
the time for creating the data process and the application because each layer will require its own loading
process and configuration in the application. GSS staff note the entire process would take approximately
one to two months.
Figure 8: iMapIt Schematic

Source: City of Toronto Geospatial Competency Centre, 2010

16

4.1.3 Benefits
For a system this complex and functional, the required resources are very low. The financial component is
essentially nil. To create a system of this nature without City resources would cost approximately
$100,000. The human resource requirement is also low in the context of the creation of an interactive
system. iMapIt has multiple levels of security and supports secured access for staff (through the City
intranet) for community partners (through the Internet with a login required), and Internet (public, no
login required). There are no hosting or maintenance costs. There are no costs for bringing in additional
data. There is no limit on the number of users. There are no contractual obligations. Legalities around the
data will be handled by the GCC as part of their standard operating procedures. Where private developers
can fall into legal or financial trouble that would affect a system they have built, there are no such issues
with City development. Help and support can be provided to TPH, partners and the public by the GCC, with
no burden on TPH should technical issues arise.

4.1.4 Constraints
There are few constraints with this development option. One obvious limitation is that there is little
flexibility  with  regard  to  the  system’s  customization, due to the fact that iMapIt is generic in its application.
However, the suite of functionality that will be available in the next generation iMapIt would seem to be
more than enough for users based on feedback from the Heat Workshop and Cinnamon et al. (2009).

4.1.5 How Users would Interact with this Tool
The application can be accessed through the input of a URL into any browser. The GCC can apply three
levels of security to the system for three user groups, City staff, community partners and the public. The
City version would be made available over the City Intranet. This version would contain all data. The level
of data made available to community partners and the public would have to be decided on by TPH. If more
information were to be made available to community partners than the public, partners would log on to
the application using a logon/password system while the public version would require no logon. If there is
no data masking required between these two groups, there would be no requirement for community
partners to logon and the whole system could be made available publicly. Similarly, if there is no
requirement for masking of data among TPH, community partners and the public, there would be no need
for an Intranet version and the entire system would be made available through the Internet.
iMapIt applications can work at any administrative level; this is decided by the user in consultation with
the GCC. Given that TPH maps currently operate at a census tract level, this would most likely be the
appropriate scale at which to develop an iMapIt application. Statistics Canada has been consulted
regarding the legalities of using this dataset and assurances have been granted that the use of the census
tract shapefile is within the terms of the City of Toronto`s end user license agreement with Statistics
Canada.
The current version of iMapIt does not explicitly contain reporting features that allow for data exporting.
However, this is still achievable indirectly. If a data selection is created on the interface, with a buffer or a
selection by attribute, the resultant data is displayed on screen (see lower portion of Figure 4). This
information can then be selected using a copy function and pasted into an excel spreadsheet where it can
be manipulated externally. The data that would be displayed in the iMapIt interface can be agreed upon in
the development stage between TPH and GCC developers. Such data might include census tract number
(CT#), vulnerability index, average temperature, specific demographic data, etc. For users familiar with GIS
software,  this  table  could  then  be  imported  into  a  GIS  for  additional  analysis  with  the  users’  own  layers.
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4.2

Adapt UMAP (Clean Air Partnership/DM Solutions)

4.2.1 Overview
UMAP is the Urban heat Mapping and Analysis Program (see Figures 9 and 10), a web-based decision
support system that allows users to examine relationships between land use, urban heat and other
demographic variables. The development objective of UMAP was to create an online mapping tool that
would help municipal staff make decisions on how to respond to urban heat, and how to communicate
information about heat to the public. Through a User Needs Assessment (completed by Clean Air
Partnership in 2008) municipal staff identified three immediate needs for a decision support system:
1. To assess vulnerability to heat of both populations and places in the GTA
2. To   examine   the   relationship   between   ‘hotspots’   (locations   where   temperatures  are   consistently  
hotter) and other variables, and
3. To support heat-related communications activities.
Although UMAP is populated with data for the City of Toronto, City of Hamilton, Region of Peel and Town
of Ajax, in the context of this study only Toronto data is discussed. Like iMapIt, UMAP is already populated
with an extensive array of data including:


Thermal imagery (2009, 2008, 2005, 1994, 1990)



Ortho imagery (2005, 2002)



Point data
o swimming pools
o seniors and nursing homes
o recreation centres
o police stations
o hospitals
o air conditioned public buildings



Demographic data
o # residents without official languages by census tract
o % residents without official languages by census tract
o % low income residents by census tract (total)
o % low income residents by census tract (seniors only)
o population by census tract
o # seniors by census tract
o % seniors by census tract
o # seniors with no official language by census tract
o % seniors with no official language by census tract
o # seniors living alone by census tract
o % seniors living alone by census tract
o # seniors with low education by census tract
o % seniors with low education by census tract
o % rented housing by census tract
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Street Centreline
o Expressway
o Major Arterial
o Minor Arterial
o Streets
o Waterways



Landuse
o Parks
o Vacant
o Residential
o Institutional
o Commercial
o Agricultural

UMAP has a suite of GIS style functions that allow users to:
 Select by point
 Select by rectangle
 Select by polygon
 Select by circle (buffer)
 Select by attribute
 Query WMS layer
 Clear selection
 Zoom to selection
 Export as csv (Excel)
 Save session
 Print map
 Zoom to full extent
 Zoom in (variable)
 Zoom in (fixed)
 Zoom out
 Zoom to previous extent
 Pan
 Measure distance
 Help menu
Like the updated version of iMapIt, UMAP allows for the use of embedded hyperlinks to link to metadata
and methods as well as any other information of interest.
4.2.2 Resources (human, financial, technical)
The process of bringing new data into UMAP is complex. There are extensive human, technical and
financial resources required. UMAP was developed and is maintained by DM Solutions Group (DMS) in
Ottawa, Ontario.
Human Resources
DMS uses a user-centred design process where the user participates intimately at every step in the
development process, thus demanding significant human resource commitments. For example, the user
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(TPH) must select colour schemes appropriate for each data class and classify them using an RGB code (a
common system of colour classification). Although this sounds relatively straightforward, it can be a time
consuming exercise.
TPH staff would be expected to have a degree of technical knowledge regarding GIS and software
development. UMAP was developed using open source GIS software (http://www.qgis.org/). TPH staff
would have to be familiar with this software and how to manipulate data within it. DMS expects a high
degree of technical knowledge from its customers. From the experience of Clean Air Partnership in the
development of UMAP, this expectation is unrealistic and demands too much of a client.

Figure 9: UMAP Interface displaying thermal and ortho imagery

Source

Clean Air Partnership, 2010

Financial Resources
DMS would be able to copy the basic UMAP program and alter it as necessary for TPH mapping. This would
present significant cost savings as compared to a completely new development. However, given that DMS
are a private enterprise, there are still many costs attached. To bring in the vulnerability maps would mean
reformatting them into a format recognizable by QGIS, the open source platform in which DMS create
their maps. The cost of this is estimated at $6,000. An additional charge of approximately $2,500 would be
levied for the set up of the application on an independent server. In addition to these costs, hosting and
maintenance must be agreed with DMS and would be in the region of $10,000 per year. If maintenance
were waived, and TPH were to pursue an external hosting solution, the system would have to then be
‘sold’   to   TPH   for   a   set   licensing   fee   (this   fee   is   waived   should   a   client   pursue   a   hosting   agreement   with  
DMS).
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4.2.3 Benefits
There are several benefits to this solution. One benefit is that we already have familiarity with the
application and we already know it works. It has been tested by user groups. Security is also another
benefit. All DMS applications reside on their own servers, which dramatically limits the possibility of
unauthorized access. The application is created using open source software (QGIS) and using open
standards (OGC), so no additional licensing costs are incurred here. As DMS participate in the development
of QGIS, there is a high degree of code control, that is, because DMS participate in the development of the
underlying technology so can debug and develop issues as necessary – this means you gain power and
flexibility but you have higher costs. (Google is free but you have no say in how it works.)

Figure 10: UMAP Interface displaying demographic detail (low-income by census tract)

Source

Clean Air Partnership, 2010

4.2.4 Constraints
Because all DMS applications reside on their own servers, maintenance costs are higher. Development
costs are generally high for this option. There is a high degree of technical know-how expected of clients.
The system is not all that user friendly. Based on the feedback from the TPH Heat Workshop and from the
research of Cinnamon, Rinner and others, this system is most likely far too complex and not user friendly
enough for public health practitioners. There are also limits regarding the distribution of UMAP. The
$10,000 per year maintenance and hosting fee only covers 50 users. To expand it to more users or the
general public would incur a higher fee, the magnitude of which would have to be decided in consultation
with DMS.

4.2.5 How Users would Interact with this Tool
The application would be accessed through the input of a URL into a browser. Unlike iMapIt, DMS
applications are sensitive to browsers and require Internet Explorer 8 to operate. This is not generally an
issue for isolated users as it is free, but for larger groups with designated IT departments (such as TPH) this
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can present problems, where IT departments prefer to roll out browsers on their own timelines in
accordance with their own criteria.
All UMAP access requires the use of a logon name / password combination. Each password can be
individualized to set the level of accessibility. The task of setting access rights would fall to a TPH staff
member as opposed to DMS. DMS would create an administration tool through which user access is set. If
a public tool were also created, this would not require access credentials.
UMAP contains reporting features that allow for data exporting. Data selections created on the interface
can be exported directly to an excel file where it can be manipulated externally. Such data might include
CT#, vulnerability index, average temperature, specific demographic data etc. For users familiar with GIS
software,  this  table  could  then  be  imported  into  a  GIS  for  additional  analysis  with  the  users’  own  layers.

4.3

Adapt Toronto Community Health Profiles (TCHP Partnership)

4.3.1 Description
The Toronto Community Health Profiles (TCHP) are the result of a partnership between the Centre for
Research on Inner City Health at St. Michael's (CRICH), South East Toronto Organization (SETo), the
Wellesley Institute, TPH and Access Alliance - Multicultural Health and Community Services. The expressed
goals of this partnership are: to build community capacity to use health information; to build deeper
understanding of Toronto neighbourhoods in order to appreciate the health needs of communities; to
foster academic-hospital-community collaborations to improve population health; and, to demonstrate
health inequities in order to address them (TCHP Partnership, 2010).
The TCHP partnership provides heath profiles for all communities in the City of Toronto as well as technical
support and mechanisms for these communities to access the data. Having a mandate of making data user
friendly and accessible to all, community health profiles are made available through an open-access
website. Maps are posted to the website in Adobe portable document format (PDF). As PDFs, they are
static maps and are not interactive at this point (see Figure 11), although the next generation of maps will
include greater functionality.
As well as providing maps, associated data tables and information about the data and the data standards
are also provided. Maps are available across a number of themes including Healthy Living, Mothers and
Babies, Environment and Resources, Socio-Demographic, Prevention, Adult Health and Disease, Seniors,
Disability/Activity Limitation and Sexual Health.
4.3.2 Resources (human, financial, technical)
There is essentially no human, financial or technical cost to bringing vulnerability maps into the TCHP. The
maps are already available as PDFs, the format in which they are presented on the TCHP site. The TCHP
partnership has a part-time employee who imports files to the website. TPH already performs analyses on
data for the TCHP partnership, so there is no additional resource required. CRICH hosts the site at no
monetary cost to the partnership.
4.3.3 Benefits
The TCHP site is a go-to place for health indicators generally. As such, inclusion of TPH heat vulnerability
maps to the site is a logical fit. Other organizations that develop health indicators also go to TCHP, so there
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is always the possibility of new insights arising from participation with the TCHP partnership. As all
information on the TCHP site is made available to the community, there is a tested medium in place
through which communities can obtain information, allowing them to do their own planning and
advocacy. The site provides a mechanism to find and connect people to other information, previous
analysis of users noted that health planners use the site with regularity.
The TCHP partnership has scheduled a relaunch before the end of 2010 at which time new data can be
brought into the system. To bring new data in, rules and requirements for sharing data are set out and
must be adhered to (see Figure 12). Reporting rules are in place for small datasets or cells. Such
requirements ensure data are trustworthy and help maintain the reputation of the site as one that
provides robust indicators and accurate data generally. All data added to the site is sent to the Ontario
Ministry of Health and TPH to ensure they are up to date with site contents.
Figure 11: TCHP PDF Map – Low Birth Weight – Total Births – 2003-2005

Source: TCHP Partnership, 2009
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Figure 12: TCHP Data Standards, Definitions and Technical Notes

Source: TCHP Partnership, 2009

4.3.4 Constraints
Apart from the previously described constraints that are common to all static mapping systems, the TCHP
approach has few additional noteworthy issues. One possible issue is that because the site is a go-to place
for all health data, users may have difficulty navigating to the TPH heat vulnerability data specifically, or
the meaning of the data could get lost among the wealth of other available data. Another constraint is that
given the TCHP is not staffed full-time, it may not be possible to change data on the site with regularity
should that be needed.
4.3.5 How Users would Interact with this Tool
The TCHP site can be accessed through any browser without the requirement for any user credentials. This
open access system is the most simple of any of the systems  and  is  in  line  with  TCHP’s  mandate  of  making  
data accessible to all.

4.4

Neighbourhood Well-being Indices (City of Toronto, SPAR)

4.4.1 Description
The Neighbourhood Well-being   Indices   (NWI)   are   being   developed   by   the   City’s   Social   Development  
Finance & Administration Division, Social Policy Analysis & Research Section (SPAR). The NWI is a
monitoring  tool  to  measure  neighbourhood  “well-being”,  both spatially, across Toronto neighbourhoods
and also temporally over time. To achieve this, a number of City operational metrics, socio-demographics
and infrastructure service data are being collected, analyzed and developed into a series of composite
indices for the following ten domains (see Figure 13):
 Housing
 Environment
 Health
 Safety
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Education
Civics
Transport
Recreation
Culture
Economics

In the first version, expected to be online by April, 2011, indicators will scaled by the 140 social planning
neighbourhoods. There are plans to expand to numerous other scales including wards and census tracts in
the second iteration of the tool. Because of the large number of indicators being displayed in the NWI,
there is a breach of the Statistics Canada end user licence agreement, which currently prevents the NWI
from displaying census tracts. The NWI will be publicly available through an interactive web -based system.
4.4.2 Resources (human, financial, technical)
There are no financial resources required on the part of TPH. The initial development has been funded by
the City and Federal Governments. The only human resources required by TPH would be in the conversion
of heat vulnerability maps from census tract scale to a neighbourhood scale. This may require considerable
human resources if the data is currently unavailable at this scale. The conversion can be carried out using
Excel spreadsheets, so the technical resources required to achieve this are minimal. SPAR has indicated
they can provide assistance in converting data for use in the NWI. If data were available to SPAR as Excel
files, they would create the associated GIS files for use in the NWI.

Figure 13: NWI Schematic

Source: City of Toronto, Neighbourhood Wellbeing Indices, 2010
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4.4.3 Benefits
The NWI will be made publicly available with the aim of improving decision analysis and government
transparency. It is possible that in year 2, a second level of security will be added that would allow City
staff to have secure access to layers that are not publicly available. The system will be interactive, allowing
users to select their own indicators, apply their own weightings and create their own maps. A second
option will allow users to employ predetermined indices that would possibly be more statistically robust
and tested. To ensure users do not employ unrealistic weightings, detailed metadata and a guide for the
use of the tool will be provided.
The interface is Flash-based and user friendly, avoiding cluttering. The map interface has a GIS back end,
but does not require any GIS technology on the user side. Maps can be printed, as can charts and tables.
Data can be downloaded as Excel files, PDFs or GIS files for use in a desktop GIS.
The NWI is supported by a Staff Reference Group of 19 City divisions and ABCs, including Fire, Police, EMS,
Library, TCHC, Housing Connections, PFR, Elections, Social Development, Transportation, Water, TDSB,
TESS,  Children’s  Services,  Planning, and many others. To ensure indicators are suitable, an expert panel of
academics and indicator specialists review potential indicators for accessibility, comparability, consistency,
credibility, relevance, measurability and validity. Additionally, monthly technical discussions are held with
stakeholders about specific domains, e.g. environment, health, safety, etc. SPAR are keenly aware of issues
surrounding the misuse of indicators and are working to minimize this possibility. SPAR apply a rigorous
analytic process to any potential indicator that includes imputation, normalization, weighting, aggregation
and error correcting.
Each indicator layer is available as a web mapping service (WMS), so other applications with WMS
capabilities can also use these indicators. The City’s  geolocating  service  can  be  used  to  locate  addresses,  
neighbourhoods, intersections, etc. The  NWI  supports  the  City’s  Open  Data  Strategy,  compliments  existing  
GCC mapping tools and compliments other initiatives including the Toronto Progress Portal for example.
4.4.4 Constraints
Updates to bring in new indicators are annual. The deadline for 2010 is late December. The next
opportunity to bring in data will not arise until late in 2011. If deadlines are not met, there is a long lag
time until data can be processed again.
There are ten domains of indicators on the NWI. This may be more than many TPH staff and community
partners require. For users who only desire access to TPH vulnerability mapping, the path to access these
maps may not be direct.
Because the range of indicators presented in the NWI is so extensive, there is the potential that the
message of heat vulnerability could be lost, especially for public users who may be sidetracked by the
availability of so many interesting and relevant indicator sets.
Allowing users to set their own weighting scales has the potential to introduce user-originated errors
(although guides and metadata will be provided to minimize this possibility).

4.4.5 How Users would Interact with this Tool
The NWI will be accessed through any browser with the input of a URL. As noted, a single URL will be
available to all users, with no differentiation in levels of permissions in year 1. Using sliding scales to apply
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weightings, users can then develop their own maps. Alternatively, users can use previously determined
and previously validated weights. The NWI will have reporting capabilities, including the potential to
download GIS files, PDFs and Excel files, however, because system development has not yet been
completed, it is not possible at this time to describe exactly how this will happen.
Figure 14 displays an example of a walkability index for Philadelphia, PA, that employs sliding scales that
allow users to weight aspects of walkability such as proximity to businesses, safety and tree cover. A
similar system may be employed by the NWI to alter weighting.
Figure 14: Philadelphia Walkability Tool

Source: www.walkshed.org/philly

4.5

Create a New System

The possibility of creating a new system is another option. However, given the resources available through
the City of Toronto Geospatial Competency Centre, UMAP and the Toronto Community Health Profiles
Partnership, from the perspective of human, financial or technical resources, it would be impractical.
Should a new system creation be the desired route, there are programmes available to ease the financial
strain this can place on an organization, such   as   Natural   Resources   Canada’s   GeoConnections   program,
scheduled to end March, 2011 (www.geoconnections.org).

AGSI
There are an abundance of private companies offering development services that would be more than
capable of creating a new system that would address all user requirements. For example, AGSI based in
Halton Hills, Ontario provide strategic technology and information solutions by leveraging small teams of
experienced industry/process consultants, developers, technologists, field resources and end users. More
information can be found at http://www.agsi.ca/.
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AGSI products are developed with an in-house technology called GO360 which allows clients to access,
view, manage, edit, and report on their data anywhere, anytime by any authorized user. This is of
particular value to this project where community partners can manipulate their own data and reporting.
The approximate cost of development using a developer like AGSI would be in the region of $150,000.

ESRI Canada
ESRI  is  the  world’s   largest   provider  of  desktop  GIS  software. In addition to desktop software, ESRI offer
complete GIS project services, from concept right through to hosting the final application. ESRI can create
new GIS products as well as customize available products to suit user needs. To create an application with
the functionality of iMapIt using ESRI development services would cost approximately $110,000.

4.6

Other Existing Tools

There are numerous examples of proprietary software that can be used to create maps including the ESRI
ArcGIS server, MapInfo and MapXtreme. All of these applications, while extremely useful, require a great
deal of staff time and resources. Even if they were available to staff, they do not resolve the question of
the most appropriate way to distribute maps to community partners, TPH staff and the general public.
Open source software such as GeoServer and MapServer only provide mechanisms to create maps and do
not address the issue of map sharing. There is a wealth of widely-used free software including Google
maps and Yahoo maps. These do provide a well-established mechanism for sharing point data, but do not
allow users to impose layers such as the heat vulnerability layers, and therefore cannot satisfy the
requirements as set out in this feasibility study.
Google Maps
Google Maps offer many features that are free for all users. Some of these features include integrated
map search results (where relevant information appears on the map in pop up boxes), satellite imagery,
zooming,  panning,  “go-to-address” and trip planning functions. Google Map Maker allows users to create
their own maps. The range of functions in Google Map Maker includes:
1. My Map Maker - Use this to view your changes and moderate features.
2. Moderate / Neighborhoods - Click these to moderate features for other users.
3. Directions - to view and edit driving directions.
4. Map search - to search for locations that have already been added to MapMaker.
5. Edit toolbar - Use this to find features you can edit.
6. Add toolbar - Click these to draw a point, line, or polygon.
7. Settings - Change your user settings here.
8. Views - Click these to display different views, including aerial images.
9. Link to this page - creates a URL in your browser that you can share with others.
10. Stats - This area shows you how many features you've added to the map.
11. Left panel - This area displays information including Search Results, My Changes and Moderation.
12. Navigation controls - Use these to navigate.
13. Map - This area displays the map as well as items you are editing.
14. Top contributors - This area displays the top 3 contributors for a given view.
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There are three available views in Map Maker. The ’map‘  view shows a map with a traditional depiction of
roads, parks, borders, bodies of water and more, the ’satellite‘  view shows ortho imagery, while the hybrid
view shows a mix of the ortho imagery and the map view which shows prominent features (roads, city
names etc). An example of a customized Map Maker application can be viewed at;
http://maps.google.com/maps/ms?ie=UTF8&oe=UTF8&msa=0&msid=104227318304000014160.00043d8
0f9456b3416ced. There is software available that helps users customize a Google Map application,
including the addition of polygonal data as well as point data, see http://www.click2map.com for more
information on this service.
There are several limitations to using Google Maps. Users can add point information, and create their own
polygons, but cannot import layers. This means that thermal imagery or layers detailing vulnerability, etc.,
cannot be created. Because this is a free product, its flexibility is very limited.
What Google Maps is well suited to is the creation of point data mapping applications. The usefulness of
this varies by user group. For TPH or community partners who require more in-depth analytical tools, it is
not suitable. However, for the creation of a map of cooling centres for example, and to distribute this in
the public domain, Google Maps would be ideal. Users could then estimate their distance to the cooling
centre by foot, bike, car or transit.
Community partners can imbed such a map in their own websites using the Google Maps Application
Programming Interface (API) service. There are a variety of APIs available from Google, including Java APIs
that allow one to embed a Google Map in your webpage using JavaScript, so users can manipulate the
map. Flash APIs perform a similar task. A Static Maps API allows for the addition of a static map to a
website, while the Google Earth API allows users to add 3D functionality to their Google API.
QGIS
Quantum GIS (QGIS) is a user friendly Open Source Geographic Information System (GIS). It is an official
project of the Open Source Geospatial Foundation (OSGeo). It runs on Linux, Unix, Mac OSX, and Windows
and supports numerous vector, raster, and database formats and functionalities. The suite of
functionalities provided by QGIS is growing continuously. You can visualize, manage, edit, analyse data,
and compose printable maps. Quantum GIS is a volunteer-driven project, welcoming contributions in the
form of code contributions, bug fixes, bug reports, contributed documentation, advocacy and supporting
other users on mailing lists, the QGIS Forum and QGIS Wiki. QGIS offers many desktop GIS functions for no
cost. While QGIS addresses issues around map creation, it does not address map sharing. For more
information, go to http://qgis.org/.
Other Free Mapping Tools
There are a variety of free mapping tools available, with varying ranges of functionality and interactivity.
For a comprehensive list of such tools, go to http://www.mapcruzin.com/free-gis-software-tools.htm.

4.7

General Considerations in Creating Mapping Products

Development Objectives
The development objectives must be established early on. Who will use this tool? What data are essential
to its operation? How will it be delivered? What are the internal development capabilities? What is the
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budget? How time sensitive is this development? User needs assessments can be of valuable assistance at
this stage.
Cost
Depending on the level of interactivity and the nature of the development, costs vary greatly when
developing mapping applications. Third party private development projects tend to be the most expensive,
where all development is outsourced. The ideal situation arises where a municipality has adequate internal
I.T. capabilities to handle such projects. Higher levels of interactivity and feature-sets generally result in
higher development costs when using external developers.

Time
Mapping projects can be time consuming. It would not be unusual for the development of an interactive
map to take over six months and often as much as one year. This is an important consideration in the
context of time sensitive data, where the data may be outdated by the time the development is
completed.
Data
There are many considerations around data. It is essential to identify the key data for use in the project
and not to allow  ”scope-creep“  when determining what data should be utilized – data must be relevant
and oriented towards the stated development goals only. Scale of data is an important consideration,
where demographic data in particular can exist at various scales that are not always compatible or
comparable with other datasets. Datasets that may display sensitive information may need to be masked
using algorithms or through spatial amalgamation. Data holdings are often varied and therefore
considerable time and effort is required to identify data, secure access to this data and find a common
scale at which to present data. If data include indicators, these indicators must measure what they are
intended to, and must be defendable and justifiable scientifically and logically.
End Users
Who are the end users? What is their experience with GIS? If users are experienced in GIS and have data
access, then it will be faster and easier to simply provide them with the data. If users have no experience
with GIS type applications, then the suite of functionalities needs to be refined to their needs. If the end
users have a mix of experience levels, it is important to strike a correct balance between functionality and
usability.
Delivery
How the product will be accessed also affects how it will be developed and delivered to users. There are
several options here including over the web, either as a stand-alone web-based application or embedded
in another webpage. Applications delivered over the Internet are subject to constraints of bandwidth,
where graphics-intensive products can be slow for users. Mapping applications can also be made available
as a CD or DVD.
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5. Recommendations
Regarding staff time, the TCHP option requires the least, followed by NWI, iMapIt, then UMAP. For
technical resources, the pattern is similar. Bringing the vulnerability maps into the CHP would require the
least, followed closely by NWO, iMapIt, then UMAP. As for financial resources, iMapIt, NWI and CHP have
no requirement for funding. UMAP comes at a considerable cost.
Based on these considerations, as well as the results of our literature review and the TPH Heat Workshop
feedback, we propose a three-pronged approach regarding the publication of heat vulnerability maps in a
web-based environment, through the Toronto Community Health Profiles, Neighbourhood Well-being
Indices and through the construction of a customized iMapIt application.
Regarding the NWI, data must be presented to SPAR by the end of 2010 to be used in the first version of
the NWI which goes live in April, 2011. As noted, the NWI will only be presented at the neighbourhood
scale in year 1. Because of this, we recommend that heat vulnerability maps be converted to the
neighbourhood scale immediately. This task can be carried out with support from SPAR staff.
Neighbourhoods   are   comprised   of   several   census   tracts,   the   City’s   550   census   tracts   are   represented   in  
140 neighbourhoods. The process of conversion is relatively basic and involves the amalgamation of
census tracts and recalculation of average values.
We feel that this three-pronged approach will satisfy the requirements of individuals who would like a
greater degree of interactivity and functionality, as well as those who would like to simply view static
maps. At this time, we do not propose the development of a dynamic mapping solution. This was not
something we felt was required by community partners, and is not something that could be implemented
at this time through iMapIt, NWI or TCHP. The combination of static and interactive mapping solutions as
proposed would be of great benefit to researchers, public health professions and the general public also.
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The Clean Air Partnership (CAP) is a registered charity that works in partnership to promote and coordinate
actions to improve local air quality and reduce greenhouse gases for healthy communities. Our applied
research on municipal policies strives to broaden and improve access to public policy debate on air
pollution and climate change issues. Our social marketing programs focus on energy conservation activities
that motivate individuals, government, schools, utilities, businesses and communities to take action to
clean the air.
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