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“The basic premise of sustainable development is that human 
and natural systems are dynamically interdependent and 
cannot be considered in isolation in order to resolve critical 
issues. Human societies and ecological systems are so 
interconnected that they are co-adaptive, reacting to each 
other and to previous interactions and reactions in a network 
of feedbacks.”

Dale, A.,  Newman, L. (2005), "Sustainable development, education and literacy", International Journal of 
Sustainability in Higher Education, Vol. 6 Iss: 4 pp. 351 - 362
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A proposal

“This infrastructure will allow political decision-makers, 
municipal planners, and policy-makers to ‘see’ the aggregate 
impacts of their decisions directly on their physical place and 
facilitate the design and re-design of their communities for 
sustainable development…”
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An integrated decision-making 
tool
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The scope

The model

● has a biophysical foundation in that it represents: population and demographics; 
buildings and urban form; physical infrastructure and services (transportation, water, 
waste, energy); 

● social infrastructure and services (education, healthcare, recreation); and 
economic activity (labour, products and services).

● attempts to account for the financial states and activities of the public sector, 
private sector and households within the community and financial flows leaving and 
entering the community.
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What does it look like?
A model whereby communities can evaluate development and policy options for 
sustainable community development…. A tool for communities to assess alternative 
development pathways. 

Pathways are influenced by levers (policy options, investment choices in social and 
physical infrastructure) and impacts (built environment, resource consumption and financial 
viability).

The “engine” of this tool - which traces the complex relationships between levers and 
impacts - is an integrated systems simulation model of the community incorporating 
community-specific data and reflecting community-specific policies and scenarios. 
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Data gaps & Baseline Results
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Key Challenges

Large data gaps

Asymmetries of scale between communities

Rural vs urban

Modelling a cityscale from building archetypes

Reducing model complexities 

Making the data accessible to diverse decision-makers
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The Methodology

1. Environmental scan of other models
2. Integrating the social and economic (financial) with the biophysical
3. Selection of case study communities
4. Iterative model design
5. Beta-testing with case study communities
6. Refinement and model calibration
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              Environmental Scan
UrbanFootprint
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Rapidfire
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CommunityViz
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UrbanSim
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CityEngine
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CityEngine

15



Hazus
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SUME
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Envision Tomorrow
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PROPOLIS
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Model Design
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The proposed model infrastructure will be the first computer-based simulation model to integrate land, water, 

and energy use with the environmental, social, and economic imperatives for researchers and community 

decision-makers to assess the implementation of sustainable community development at the community 

level. The simulation model will consist of a series of interrelated sub-models describing individual processes 

and include scenario management, data visualization, collaborative multi-user access,

and extensibility. 



Project history-4

Objectives
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Vision
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Institutional & Financial 
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Building Archetypes - Pins on the Map



Design revisions

As with every project we made revisions along the way and 
we added the following to the structure of the initial model 
design

● District energy
● Seasonal populations
● Water accounting
● Municipal costs of different land-use patterns
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Scenarios
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Consistent and coherent descriptions of alternative hypothetical futures that 
reflect different perspectives on past, present, and future developments, which 
can serve as a basis for action. Scenarios are developed to ‘show’ 
decision-makers the development paths resulting from each scenario, for 
example, a low-growth, medium-growth and high-growth scenario.



Design session
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Scenario development
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Engagement

Since sustainable development is never really achievable 
(Dale and Robinson 1995), as it inherently involves a dynamic 
relationship between two complex living systems, the human 
and the ecological, it requires sustained dialogue in every 
community about its particular dynamics. Critical to the social 
change that is necessary for its implementation is a literate, 
cognizant, and actively engaged civil society.

Dale, A. (2007). Governance for Sustainable Development as if it Mattered? Post-Brundtland 
2007



Case study communities

Moncton, New Brunswick

Colwood, British Columbia

Tofino, British Columbia
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Moncton - Downtown 
Revitalization
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Tofino - Seasonal Population
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Colwood - Development



● We calibrate the model to ensure the model outputs 
match our existing understanding of the community

● Internal model parameters are adjusted to produce 
outputs that reflect data collected from trusted 
reference sources.

● Calibration grounds the future scenarios within our 
current measured reality making scenario starting 
points historically consistent

Calibration
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Calibration
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Calibration is a staged process beginning with ensuring the 
population and building stocks are historically consistent.



Population - who’s in the census?
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Census
Rooted

Transient /
Temporary

Moncton Colwood Tofino

16,08069,095 1,890
64,500

4,595 2,125

16,080 1,890

2,000 - 5,000?

● Population drives many of the activities and energy use in a community, therefore a 
good understanding of what community’s population looks like is important.
○ What is a community’s true population?
○ How do seasonal or transient visitors influence a community?



Buildings
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● Number, type and location of buildings drive energy required for 
space conditioning and transportation

● 32 residential building archetypes were developed to describe the 
community’s residential building stock

● 54 non-residential building archetypes were developed to describe 
the community’s non-residential building stock

● Each archetypes can be moved and placed in any zone within the 
community allowing planners to construct communities with various 
densities and urban forms



Moncton Building GIS data



Building height: number of stories

39



Building footprint size classes 
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Buildings or dwelling units?
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Moncton dwelling distribution (2011)
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Colwood dwelling distribution (2011)
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Tofino dwelling distribution (2011)
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Population Distribution by Zone (2011)
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Non-Residential Buildings
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● A number of non-residential buildings (municipal buildings, 
schools,  government buildings) were not available in the 
building assessment data for various reasons.

● This required a process of 
manually checking for data gaps 
and patching those buildings into 
the dataset.

● These are future possibilities exist 
to explore the data that is 
currently available to enhance this 
process



Selecting a zone system
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Moncton has 133 traffic zones

Most greater than 1,000m - not great for active 
transportation analysis



Non residential floorspace (2011)

48

Moncton Colwood Tofino
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Moncton Base Year Transportation
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Colwood Base Year Transportation
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Tofino Base Year Transportation
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Moncton Base Year Energy Use - GJ

52



Colwood Base Year Energy Use - GJ
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Tofino Base Year Energy Use - GJ
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Tofino Base Year Water Consumption
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by building type - m3/month



Financial Calibration
● Municipal finances

○ consolidated financial statements

○ published residential and business tax rates

○ CANSIM

○ various reports

● Household & other accounts
○ data sources

○ survey of household spending

○ challenges
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The Story of Moncton

There scenarios where created for the Moncton

● Business as usual (or reference) scenario
● Smart Growth (SG)
● Employment Concentration (EC)

The following slides show the impacts these decisions had to 
the building make up of Moncton.
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The Story of Moncton - population projection
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The Story of Moncton - new dwellings projections
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The Story of Moncton - total dwellings
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dwelling unit / hectare

Reference Smart Growth Employment Concentration



The Story of Moncton - new non res floorspace
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Reference Smart Growth Employment Concentration



The Story of Moncton - total non-Residential  floorspace
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Reference Smart Growth Employment Concentration



The Story of Moncton - Infrastructure costs

Roads
● road
● sidewalk
● bike path
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Services
● recycling capacity
● landfill capacity
● transit stock
● transit infrastructure
● protection services (police and 

firefighters)
● other municipal services 

(parks, museums, government, 
etc.)

The addition and removal of buildings is not free, there are infrastructure 
costs associated with these decisions such as:

Infrastructure
● water distribution
● wastewater collection
● storm water collection
● green space
● water treatment capacity
● wastewater treatment capacity
● storm water treatment capacity

The following slides explore some of the impacts that the addition of 
buildings has on the infrastructure of Moncton



The Story of Moncton - roads operating costs
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The Story of Moncton- infrastructure operating costs
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The Story of Moncton- services operating costs
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Learning Outcomes

“Although ecological and economic aspects of sustainability 
have been addressed by several writers….the social aspect of 
a sustainable community has received less attention. It has 
been said that the social dimension is the weakest “pillar” of 
sustainable development.”

Dale, A. and Newman, L. (2006). “Sustainable Community Development, Networks and 
Resilience”. Environments Journal Volume 34(2) 2006
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Lessons

● Detailed record-based datasets take significant (but worthwhile) effort to inform a 

model infrastructure such as Places+Spaces model implementation. 
● Where standard datasets are available (e.g. province-wide assessment, transportation 

survey in standard format, province-wide emissions inventory), subsequent data 
import is much faster.

○ Part of the value of this project will be in open sourcing this processing logic
● Communities struggle with choice of units with which to express growth/change 

(population, dwellings, jobs, floorspace, etc). The model infrastructure  provides an 
open framework in which to explore those options in an internally consistent way.
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Research Outcomes

1. Development of a semi-integrated model infrastructure, v. 1.0
2. Model infrastructure website, open-source platform
3. Development of financial calibrations, integration finalized in v 2.0.
4. Ongoing scenario development, issue-specific, v. 2.0
5. Data visualizations
6. Issue specific scenarios
7. Commercial spin-off of a GHG emissions model, CityinSight
8. On-going private/public sector business partnership between 

whatifTechnologies and Sustainability Solutions Group
9. Model infrastructure presentations to FCM, ICLEI, CPI and QUEST
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